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The traditional approach in urban transportation planning requires 
the collection of sufficient travel data on a sample basis to per­
mit stability at the zom1J level after expansion, analysis of zonal 
trip generation as a function of zonal characteristics and, until 
recently, distribution of generated trip ends by expansion of cur­
rent patterns. With the advent of models, the trip distribution 
process has been largely given over to simulation rather than ex­
pansion techniques. This development represents progress toward 
understanding more about the urban travel phenomenon and requires 
far less origin-destination survey data. 

This paper summarizes a suggested procedure for the use of 
limited 0-D survey data for other phases of the travel forecasting 
process, with attendant savings in data collection and analysis. 
In the area of trip generation, it is suggested that relationships 
be derived directly from home interview information at the house­
hold level, rather than after aggregation of 0-D survey travel data 
and socioeconomic and land-use data to the zonal level. 

A second cost-saving technique involves eliminating the traffic 
zone as the basic unit of analysis for all phases of the planning 
process. As a result, layouts of planning areas could be made 
that would better serve fewer functions. Other opportunities for 
cost savings include alternative methods of home interview sam­
pling, use of mailed questionnaires for parts of the truck survey, 
and the possibility of reducing the effort usually expended in mak­
ing roadside interviews by interviewing in one direction and ad­
hering to rigid sampling techniques. 

•THE preliminary steps of an urban transportation study-data collection and analysis­
have been largely unchanged for 10 or 20 years. Can we do a more effective job of 
analysis through variations in data-gathering techniques? Do we really need as much 
travel data as we have traditionally accumulated for transportation planning studies? 
Is it necessarily true that the smaller the traffic zone size, the more refined the re­
sult obtained? These are some of the questions considered in this paper. 

Comprehensiveness has not been an objective of the authors; if this paper does no 
more than cause some urban transportation planners to probe more deeply into the im­
plications of their customary procedures, it will have achieved a measure of success. 
We must seek greater economies in pursuing urban transportation studies while we 
seek greater sophistication. It is the authors' contention that these are not always 
antithetic al goals. 

THE TRADITIONAL APPROACH 

Since the early 1940's the home interview type of origin-destination survey has been 
used to provide the basic travel data for urban transportation planning studies. Methods 
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of conducting 0-D surveys of this type have become a part of urban planning 
"tradition"-in Webster's definition, "something handed down from the past." Mea­
sured in years and months this "past" is not so long, but in terms of the number of 
cities in which these surveys have been made (several hundred in the United States 
alone during the past two decades), number of people affected (millions), and total cost 
(considerable), this "past" is extensive. 

The three basic ingredients of a typical 0-D survey of the home interview type are 
the dwelling unit survey, the truck and taxi survey and the roadside interview survey. 
In the dwelling unit survey, occupants of a carefully controlled sampling of dwelling 
places are interviewed to obtain detailed data about personal travel in the urban area 
under study. Considerable information about the occupants themselves is also recorded. 
In the roadside interview survey, selected drivers entering or leaving the study area 
are questioned about the trip that they are making into or out of the area. When the 
travel data obtained in each of these sample interview surveys are properly expanded 
and combined, a complete description of current travel in the study area is obtained. 

Traffic zones are traditionally used as the basic areal units for summarizing and 
analyzing the vast amounts of data obtained in the interview surveys. A long list of 
criteria governing the manner in which the study area should be subdivided into traffic 
zones could be prepared, but basically they are all aimed either at minimizing the dis­
tortions that arise from aggregation of data or at conforming to areal definitions for 
which other data are or will be available. 

Expansion of sample data from a full-scale 0-D survey yields statistically reliable 
measures of both current trip generation and current trip distribution. Forecasting 
future trip generation usually involves development of trip production and attraction 
equations by means of multiple regression analysis, in which zonal trip ends within 
the study area determined from the 0-D survey are related to various socioeconomic 
and land-use parameters of the zones. Separate equations are usually derived for var­
ious trip purposes and sometimes for different periods of the day. Future zonal esti­
mates of the independent socioeconomic and land-use variables are introduced into trip 
generation equations to determine future zonal trip productions and attractions. 

TRIP DISTRIBUTION 

Travel patterns are the result of an immensely complicated interweaving of forces 
brought about by the spatial separation of people from the activities, places and other 
people that play a part in their lives. Growth factor procedures for forecasting trip 
distribution have a number of well-known limitations which are really all reflections 
of the fact that they "recognize" these forces without "explaining" them. 

Philosophically at least, the use of models represents a considerable advance over 
the older techniques. Models which incorporate general theories and seek to simulate 
complex phenomena lead us to understanding of these phenomena. From this under­
standing we can hope to use the general theories with no more than a simple calibration 
process to account for special or unusual characteristics of the area in which they are 
to be applied. In transportation planning, models have been most successfully applied 
to trip distribution. The success of this application has led the authors to the following 
conclusions: 

Proposition 1-We should seek to emulate the philosophical strength 
of the trip distribution models in all areas of transportation planning. 
That is, we should try to develop procedures that will "explain," not 
simply "recognize" the significance of diverse factors that influence 
human travel behavior. 

Proposition 2-When we have accomplished the above, we need only 
calibrate to account for differences from the norm. We are not re­
quired to derive a basic theory for each particular area which we are 
planning. It follows that considerably less travel data should be suf­
ficient, and therefore considerable cost savings should be possible. 
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With the gravity distribution model, for example, we require a set of friction fac­
tor curves. Current practice is to develop these to "fit" a particular area by trial 
and error procedures, but the first trial is generally to use available curves developed 
for some other area with similar characteristics. And when the model is calibrated 
the final curves are really not so very different, in general appearance anyway, from 
the initial curves. It has been shown that a very small random home interview sample 
will provide sufficient data for calibration of a gravity trip distribution model in a 
small urban area (1). The authors believe that further research will point to the same 
conclusion for larger urban areas. 

At the heart of the approach suggested in this paper is the belief that a small sample 
will be sufficient foundation for urban travel forecasting if structured and analyzed on 
some other basis than traffic zones. No suggestions are made here for reducing the 
quantity 0r '11-~ality of socioeconomic a!!d l~d-~se data customa:ri!y ~orrsidered ne~es­
sary for urban transportation planning studies. As a matter of fact, many of the pro­
posed procedures are dependent upon having such data in considerable detail and at a 
high level of reliability. 

TRIP GENERATION 

Most urban transportation studies have analyzed trip generation using multiple re­
gression techniques on data aggregated by zones or districts. Generation equations 
derived in this manner usually prove to be quite reliable, and seem to explain trip pro­
duction and attraction to a reasonable degree in the area for which they are developed. 
Assuming that these equations really do get to the causes of trip-making in the partic­
ular area for which they were developed, does the fact that equations for the same types 
of trips developed in different urban areas seldom bear much r esemblance to one another 
force us to conclude that people are r eally that much different, insofar as their travel 
habits are concerned, from area to area? The authors suggest that the process of zonal 
or district aggregation of data is actually wasting much information collected in the in­
terviews, and that this aggregation procedure in itself may be the cause of many of the 
variations between different areas . It is suggested in this paper that the household 
would make a better analysis unit for this purpose . 

The authors believe that fewer data will be required and better results will be ob­
tained if portions of the trip generation analysis are carried out at the household level, 
with each home interview r epr esenting an observation. Using this procedure , the sam­
ple size would depend primar ily on the r ange of s ocial and economic stratifications of 
the population in the area, and would be set to obtain adequate household and travel data 
within each stratification, without too much regard for the geographic extent of the area 
or its population. The same small random home interview sampling required to pro­
vide data for calibration of a gravity trip distribution model will very likely yield enough 
information for this type of generation analysis. 

It might be well to introduce a word of caution at this point. Although the authors 
feel that more meaningful results ::ire potentially available from the suggested type of 
analysis , the statistical measures of accuracy normally used lo evaluate how g·ood an 
equation is may not look as favorable. Much of the variance among samples is damp­
ened as a result of aggregating data to the zonal level. Of course, much of the essential 
meaning may have been lost, too, even though the statistical correlation of zonal aver­
ages looks better. 

Home-based trip production equations would be developed using home interview data 
pertaining to home -based trips and household characteristics. Multiple regression 
analyses would be carried out on an interview basis, with the number of home-based 
trips (perhaps stratified by purpose) per household taken as the dependent variable, and 
various socioeconomic or land-use characteristics of the household as independent vari­
ables. If the resulting equations were linear, they could be used directly in forecasting 
of home-based trip productions on a zonal basis by simply entering zonal forecast aver­
ages of the independent variables and multiplying by the forecast number of households 
in each zone. If nonlinear variables were involved, separate equations could be devel­
oped for different s tratitications of the nonlinear variables, in which case some special 
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treatment would be required to insure that the actual distribution of the nonlinear vari­
ables were properly incorporated into the final zonal forecasts. Or values taken by an 
independent variable could be stratified into several classes and each class made a 
dummy variable in the regression equation. Using this technique, the dummy takes on 
values of either 1 or zero for each observation in the regression analysis depending on 
whether or not the variable falls within the dummy class. 

Trips with one end at home are generally considered to be produced at home, re­
gardless of whether they are to or from home. There is great logic in so relating trip 
production to the people who make the trips, and to the socioeconomic and land-use 
characteristics of the household which are indicative of the reasons behind their desire 
and ability to make trips. When it comes to non-home-based trips, however, the logic 
of the traditional mode of analysis diminishes. Because neither end is at home, we 
customarily take the origin end to be the production end and seek out a relationship be­
tween non-home-based trips produced and circumstances at the production end. It is 
suggested that it would be more logical to consider these trips to be generated at home. 
Exactly as with home-based trips, it is the complex combination of circumstances that 
we can measure only at home that fashions the travel desires and capabilities of people 
to make non-home-based trips. Where they make them is, of course, another question. 
The authors would estimate zonal productions of non-home-based trips in two steps, 
first by determining area-wide totals, and second by allocation of these totals to pro­
duction zones. Analysis of home interview sample data, again using each sample as 
an independent observation, would be employed to relate number of non-home-based 
trips made by household members (perhaps in more than one trip purpose category) to 
various socioeconomic and land-use parameters of the household. Solution of the re­
sulting equation using area-wide forecast averages of the independent variables would 
produce an estimate of the number of non-home-based trips to be expected per house­
hold in the future. Multiplication by the forecast number of households would, of course, 
produce the total number of resident non-home-based trip productions in the area. Non­
linear variables could be handled in the same manner described for home-based trip 
production. Internal trips by external residents (which must be non-home-based) are 
usually not included in transportation studies. However, there is no reason why an 
estimate of the number of nonresident non-home-based trip productions in the area 
should not be added at this point. 

An allocation function, to determine the number of trip productions within each zone 
in the area, could be derived from non-home-based trip production equations developed 
in some similar area where a full origin-destination survey had been made, yielding 
reasonably stable data on non-home-based trip production at the zonal level. Following 
this procedure, data collected in the particular area under study would be used to de­
termine the overall significance of this type of travel, but the assumption would be made 
that the proportional influence of various parameters in explaining where non-home­
based trips might be expected to originate is the same as in the similar area. This 
would seem to be a valid assumption in most cases. 

An alternative means of deriving an allocation function would have to be employed, 
of course, if there were no reasonable non-home-based trip production equations up for 
adoption. One means of accomplishing this would be to break down the first step de­
scribed-that of deriving an equation for the generation of non-home-based trips through 
relation to home parameters-into several origin purpose categories, and then distribute 
each purpose subtotal in accordance with the one zonal parameter that seems most 
reasonable. 

The customary procedure in most transportation planning studies has been to derive 
an independent set of equations to relate trip attraction directly to various socioeco­
nomic and land-use parameters. But 0-D data from a small sample home interview 
survey will not provide a sufficient basis for this kind of trip attraction analysis. The 
authors recognize that this is a major disadvantage of the procedures suggested. Per­
haps here again equations developed from a similar area, if such are available, could be 
used to advantage. Total attractions might then first be determined by recognizing that, 
over an entire area, total attractions must equal total productions plus or minus the net 
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effect of trips crossing the external boundary of the area, and then be allocated to 
zones in one of the ways described for non-home-based trip productions. As far as 
non-home-based trips are concerned, it may not be unreasonable in some areas to as­
sume that attractions equal productions in each zone. But, of course, such an assump­
tion would not be valid for home-based trips. 

The authors do not know of any actual transportation study where trip generation 
equations have been developed from unaggregated data at a household level and then 
used in the forecasting process. However, in a research project sponsored by the 
U.S. Bureau of Public Roads (2), multiple regression techniques were used to attempt 
to derive meaningful householatrip production equations using data from 824 house­
holds spread all over the United States. Although the BPR-sponsored study was founded 
upon a limited nationwide sample, the findings demonstrated that this type of analysis 
had promise and ought to be pursued. 

TRAFFIC ZONES 

Traffic zones have traditionally been used as the basic unit of analysis for the entire 
transportation planning process. Trip data are usually coded to traffic zones, and socio­
economic and land-use data are usually inventoried on a traffic zone basis. Trip genera­
tion and distribution are also performed on a zonal basis. In traffic assignment, the trips 
to and from each zone are applied at a single point representing the centroid of trip end 
locations in the zone. 

These different reasons for having traffic zones all translate into different criteria 
for delineating them, depending upon who is doing the traffic zone layout. Demographers 
are interested in availability of current and past population data; they prefer to have 
zone boundaries conform with areas already established by census authorities. The 
0-D survey data codtu·s are inte1·ested in the ease with which addresses can be con­
verted to traffic zone codes; they want to avoid running zone boundaries down the middle 
of streets , or they might even try to put entire streets in one zone or the other. The 
statisticians do not want the zones to be so small that sample data aggregated to the 
zonal level are statistically unstable. The transportation planners do not want the zones 
to be too large and are very concerned about the orientation of zones with respect to 
the transportation network. The trip generation analysts would be most concerned 
about homogeneity of zones, both from the point of view of character and of size. 

Delineation of traffic zones in most transportation studies has been in accordance 
with criteria that did not permit wholesale adoption of areal units used for other 
purposes-for example, by the Census or by local planning bodies. Usually, when this 
occurs much of the value of past planning is lost and planning must be redone on the 
basis of the new system of traffic zones, which may not be logically and reasonably de­
lineated from the point of view of regional planning. No layout of zones can ever satisfy 
everyone , but if traffic zones were not required to perform so many different functions 
at once, they should be able to perform certain functions better and more economically. 

Traffic zones need not play a part in the trip generation analysis, and perhaps not 
even in the distribution model calibration process. If in neither , there would be no 
need to code 0-D survey trip data to zones since we would be interestedonly inhouse­
hold characteristics, numbers of trips of various types (purpose, mode and time) made 
by household members, and the lengths of such trips-not specifically where the house­
holds were or where the trips went. Current trip generation and distribution would be 
simulated directly from household data. It would not be until this point then that some 
manageable unit of area larger than a household would be required. It is rP.commP.nded 
that such a larger area, called a " planning area," be used. 

PLANNING AREAS 

Planning areas could be larger than traffic zones, and would be laid out primarily 
to serve the purposes of demographers, economists, geographers and planners. The 
transportation analysts would be concerned only with the degree of homogeneity of char­
acter for each of those parameters that affect generation of several trip categories be­
ing considered. Heavy industry and low-income, high-density residential development 
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Figure 1. Use of planning areas in trave l forecasting . 
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could occur in the same planning area, but combinations of heavy industry and light 
industry, or of low-income, high-density residential development and high-income, 
low-density residential development within the same planning area would be avoided. 

How then would the travel forecasting process be carried out? First, trip genera­
tion equations developed primarily from household data would be used to forecast the 
numbers of trip ends in each planning area. The forecast trip ends would then be dis­
aggregated to trip loading nodes on some reasonable basis for each trip purpose cate­
gory, as illustrated in Figure 1. The allocation procedure used to do this could vary 
widely in sophistication, just as the procedures used to allocate area-wide population 
forecasts, for example, vary widely in sophistication. But the objective in either case 
is the same-to get a fairly reliable forecast quantity for a larger area allocated to 
s maller areas. 

Use of this concept would usually result in significant economies since all phases 
of the gathering oi current data and the torecasting of future data would not need to 
conform to a single rigid system of traffic zones . Furthermore, the areal units used 
in the compilation and analysis of one class of data (e.g., population data) would not 
necessarily have to conform to the units used in the compilation and analysis of another 
class of data (e.g., employment data). Nor would the areal units used for current data 
necessarily have to conform to units used for forecasts. Several different breakdowns 
could be used for the forecast year , reflecting varying land-use development patterns . 
Of course, uniformity would be desirable where readily achievable, but the greater 
flexibility made possible by this approach may often provide advantages of economy 
and logic that far outweigh the relatively minor bookkeeping difficulties occasioned by 
having to keep track of more than one different system for subdividing the study area 
into workable planning area units. 

Following the allocation of generated trip ends to loading nodes, trip distribution 
and tr affic assignment would proceed in the normal manner. How many trip loading 
nodes are selected, where they are located and how they are connected to the trans­
portation network would be left to the transportation analysts. 

One of the important criteria in the selection of planning areas is the availability of 
data. Thus, for example, since census units are important to any study of population 
characteristics , they should be used as planning areas , at least for home-based trip 
analyses, whenever possible. Another criterion in the selection of planning areas is 
size. The size of individual planning areas must not be so great that a reasonably re­
liable allocation of any total pertaining to s ome characteristic of the planning area to 
various sectors within it cannot be made by inspection, on the basis of familiarity with 
the locale. It is very difficult to state this criterion in quantitative terms; its applica­
bility in any given situation revolves around what is "reasonably reliable." This in­
cludes an appreciation of what impact a given level of imprecision in this allocation 
might have on the output of the transportation planning process, and also an apprecia­
tion of how significant a given level of imprecision in this allocation really is in com ­
parison with the reliability of overall forecasts of regional activity. 

DATA COLLEC TION 

The major advantage of the method of analysis proposed heretofore in this paper is 
that much less origin-destination survey information than is usually considered neces­
sary will support it. Since data collection is one of the major items of cost in any 
urban transportation planning study, the implications of this fact alone are of great 
significance. But there are other possible opportunities for cost savings in the data 
collection phase that may be within reach also. 

Home Interview Survey 

Great care must be taken in the ordinary home interview survey to insure that sam­
ples are randomly selected from a complete statistical universe, and that sample data 
are expanded to account for the whole, even where there are gaps due to refusals and 
similar circumstances. These measures are essential when the purpose of the home 
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interview survey is to observe and quantify a statistically sufficient sample of current 
travel so that the expanded sample represents the universe of current travel. 

Using the type of analysis suggested in this paper, the purpose of the home inter­
view survey would be to gather enough data to allow development of trip generation 
equations at the household level and to calibrate a trip distribution model. 

Satisfactory calibration of a distribution model, such as the gravity model, from 
limited survey data appears to require that the small sample be uniformly distributed 
in a random fashion over the entire geographical area under study. The possibility of 
using a clustered sample of the same size was studied in a research project using data 
from the Pittsburgh Area Transportation Study (3). It was found that travel time fac­
tors developed from clustered survey data varied considerably from those developed 
from total study area data. 

For the purposes of supporting the type of trip generation analysis proposed herein, 
the sample must provide sufficient observations within each socioeconomic grouping, 
but uniform sampling of all groupings and geographic dispersion of the sample are not 
required. As long as a small random uniform sample is required for gravity model 
calibration, it can be used, and probably will be sufficient, for sampling of household 
trip generation and related household characteristics as well. 

If home interview survey data are to be used at the household level for the trip 
generation analysis, the question arises as to why the sample need be expanded at all. 
Current practice is to obtain trip length frequency from expanded survey data, but it 
would probably be just as reasonable to use trip data at the household level for this 
purpose also. Considerable savings could be effected if the sample did not require 
expansion. Moreover, if expansion is not required, do we really need the extensive 
and expensive measures traditionally taken in home interview surveys to insure com­
plete, uniform, unbiased sampling of all segments of the universe? Since we are not 
seeking through sampling means a measure of the number of people in each socioeco­
nomic group or in each geographic area, or a measure of area-wide trip generation or 
0-D trip patterns, must we encompass all corners of the statistical universe? If we 
are using utility records for sampling households, for instance, must we worry about 
the small percentage of households not served by the utility? Ordinarily we probably 
would because the proportion, though small, is indeterminate and we would have no 
basis on which to adjust expanded survey data. 

These and other questions should be explored in the planning stage of the home in­
terview survey. Perhaps collection of some additional data (e.g., stage in the family 
life cycle, availability of alternative transportation modes at times when specific trips 
were made, etc.) may be desirable to support the analysis of trip generation charac­
teristics at the household level. 

Alternative means for actually collecting the data should be investigated also. For 
example, several studies have reported success in making interviews by telephone (4). 
The Ohio Department of Highways uses a booklet which is dropped off at the sample -
address with a personal explanation of what is required, and later picked up and re­
viewed with the respondent to insure complete and accurate information. 

Truck Survey 

Heretofore not much has been said about analysis and forecasting of truck travel. 
The usual approach is to obtain travel data from interviews in a sampling ·survey in 
which the vehicle itself is the sample and an attempt is made to determine information 
concerning a particular day's travel. 

There is a possibility that research will point the way toward a better understanding 
of truck trip generation leading to means of reducing the quantity of data required from 
an origin-destination survey. The initial step in this direction might be to separate 
trucks into three groups and deal with each separately: 

1. First, trucks that are owned and used by individuals or families as personal 
vehicles should not really be considered as trucks at all in the trip generation analysis. 
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2. Second, a separate analysis should be made of travel by trucks that are pri­
marily oriented toward providing services to households. These would include deliv­
ery trucks, repair trucks, refuse disposal trucks, mail trucks, and so forth . Itshould 
be possible to relate generation of trips by such vehicles to household characteristics; 
perhaps actual interviews would not be required at all for such vehicles, and sufficient 
data could be gathered to support a largely synthetic trip generation analysis through 
an expanded home interview survey or by special cordon counts around residential 
areas . 

3. Third, all of the remaining trucks involved in the area's basic industries and 
businesses would undoubtedly have to be surveyed separately, and travel data analyzed 
and forecast on a zonal basis in the usual manner. It may be that there would be too 
much variation and too few observations from this gr oup of trucks to support any sort 
of regression analysis, and that trip rate analysis by industry category would prove 
morP. !rnt.iRf~~tory_ 

The authors' firm has recently completed origin-destination surveys in two urban 
areas in West Virginia (5, 6) in which part of the truck s urvey was conducted by mailed 
questionnaire. In -both areas, questionnaires were mailed to owners of 100 percent of 
the non-fleet trucks (trucks registered to an owner who had no more than three trucks 
registered in his name). Fleet trucks were sampled and interviews conducted in the 
usual manner. In the larger of the two areas, a 38 percent return was received without 
making any follow-up mailing or telephone calls; a 27 percent return was obtained in 
the other area. The cost of conducting the mailed questionnaire survey was very much 
less than would have been required to select samples and make interviews in the nor­
mal manner. The average number of trips per interview was lower and the proportion 
of trucks making no trips on the travel date was higher for the mailed questionnaire 
su1·vey than it was for the interview s urvey In l>oth areas, but tltis is probably charac­
teristic of the diffe1·ence between non-fleet and fleet trucks. Research is clearly in­
dicated to determine whether an uncontrolled sample of trucks, such as is obtained 
from voluntary return of mailed questionnaires, will yield unbiased trip generation 
and trip length frequency data. 

An unusual procedure was employed by the authors ' firm to collect truck travel data 
in a small urban area in New Hampshire (7). Here the home interview sampling rate 
was so great (1: 5) as a result of the area's small size, that statistical stability of data 
relating to truck travel could be assured by obtaining origin-destination data for inter­
nal truck trips in conjunction with the home inte rview survey. This was accomplished 
with no particular problems, and at little increase in cost to the home interview survey. 
Special adjustments were made to account for wholly internal truck travel by external 
residents. 

Roadside Interview Survey 

In most urban transportation studies the collection of travel data at roadside inter­
view stations on the cordon line surrounding the area represents a major portion of 
the lolal data collection effort. Careful design of questions to ask and forms on which 
to record answers is particularly important for the roadside interview survey because 
of the limited amount of time available for each interview. 

An example of the kind of poorly worded question that should be avoided is the follow­
ing, which oddly enough has become standard in many areas: 

Question: Where is the car normally garaged? 
Answer (circle one): 

1. At origin inside cordon 
2. At destination outside cordon 
3. At neither 
4. At origin outside cordon 
5. At destination inside cordon 
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There are at least three things wrong with these answers: (a) they are confusing; 
(b) the specification of whether the origin or destination is inside or outside the cordon 
is redundant information; and (c) since the real purpose of asking the question is to 
find out whether or not the respondent is a resident of the internal area, if Answer 3 
is given, do we know? Why not provide two answers-inside or outside-and let it go at 
that? 

With regard to interview form design, the person who is organizing and preparing 
for the roadside interview survey should really have made some interviews himself, 
preferably in cold, wet weather at night with a large volume of traffic delayed. Many 
forms look fine in the office but are hard to use in the field. Poor form design is ex­
pensive, both in extra time spent in the field and in inaccurate, incomplete, or unread­
able data brought back to the office. 

A more rigid sampling technique might make it possible to reduce drastically the 
number of roadside interviews required. Roadside interview crews are customarily 
instructed to get all the interviews they can. There really is no control over the sam­
ple this way and we console ourselves that we make up for the resulting loss of statis­
tical reliability by interviewing such a large percentage of the passing traffic that it 
can make no real difference. Fewer, more carefully selected samples would certainly 
result in lower costs for data collection and subsequent processing, and should pro­
duce just as reliable data. 

Even greater savings would come from reducing the number of stations operated 
and the number of hours of operation, or from interviewing traffic in one direction 
only. To evaluate the feasibility of such measures, it is necessary to give careful 
consideration to the manner in which roadside interview data will be used in subse­
quent analyses and how external trips will be forecast. 

Three types of trips are intercepted at cordon line stations-through trips, non­
through trips by residents, and non-through trips by nonresidents. Non-through trips 
by residents are sampled in the internal home interview and truck-taxi surveys. 
Through trips and non-through trips by nonresidents can only be sampled at the cordon 
line. 

The usual procedure for handling the duplication of resident trip data is to eliminate 
data pertaining to non-through trips by residents from the internal surveys. Non­
through trips-by residents and nonresidents-are then distributed by the Fratar method 
or, in accordance with the latest recommendations of the U.S. Bureau of Public Roads 
(8), by a single-purpose gravity model. Through trips are customarily treated sepa­
rately and distributed using the Fratar method. Duplication in the collection of data 
pertaining to through trips-each such trip has a chance of being intercepted twice, once 
at each point where it crosses the cordon line-is normally resolved by retaining all 
data collected but applying a one-half factor to them. 

To obtain information about through trips it is necessary to interview on all the 
routes crossing the study area cordon line that carry an appreciable amount of through 
traffic. However, since through trips by definition cross the cordon line twice, we 
would be sure to obtain complete information if we were to interview traffic on such 
routes in one direction only-either inbound or outbound. 

Trip data pertaining to resident travel are obtained in the internal interview surveys 
as well as the cordon line survey. The fact that we have duplicate sets of data to choose 
from is really somewhat of a luxury. If we did not have data from an external survey, 
we would certainly use what we had from the internal survey, probably without any 
qualms as to its adequacy. 

This leaves non-through trips by nonresidents. What do we need to know about such 
trips to support the forecasting process that is normally used? We need to know how 
many trips there are. Insofar as total cordon line crossings are concerned, we would 
know this by interviewing only inbound or only outbound traffic, since total average 
daily inbound crossings must equal total average daily outbound crossings. In most 
cases it would be safe to assume that such an equality would hold for all stations indi­
vidually as well as collectively. 

Do we need to know trip purposes? If we follow the BPR recommendation and use 
a single-purpose distribution model, we do not need to know trip purposes. We must 
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obtain from cordon line interviews information about trip lengths so that a trip length 
frequency curve can be developed for calibration of the distribution model. It would 
seem reasonable to assume that the trip length frequency distribution for inbound trips 
would equal the trip length frequency distribution for outbound trips. There are only 
two possible explanations why it would not: (a) triangular journeys with the inbound 
leg through one station, the outbound trip through another station, and the third leg 
outside the cordon line (it seems safe to assume that such journeys would not usually 
represent a significant part of the universe of non-through travel), and (b) triangular 
journeys with the third leg inside the cordon line (we customarily ignore such internal 
travel by external residents anyway). 

It would appear then that, even without changing normal procedures for forecasting 
external travel, careful study should be given to the possibility of interviewing traffic 
in one direction only; probably inbound would be best. Through trips intercepted would 
iiot requke a une-haii factor; ihey wouid stii1 be treated separately and distributed by 
the Fratar method. Non-through resident trips would still be deleted from the internal 
surveys and the assumption would be made that for every inbound non-through trip 
sampled at the cordon line, there is a matching outbound trip; non-through trips by 
residents as well as nonresidents would still be treated separately and distributed us­
ing a gravity model. 

Further research is also required in the area of external travel forecasting. It is 
true that trip length frequency characteristics of external non-through trips may differ 
from those exhibited by internal trips, consequently requiring that external non-through 
trips be distributed separately. However, separate distribution requires separate sets 
of forecast trip ends, and the procedure used to split a forecast of total internal trip 
ends into those that must be distributed to other internal points and those that must be 
distributed to external points may be based on such questionable logic as to negate the 
benefits of separate distribution. 

Other Travel Data Surveys 

One disadvantage of the procedures suggested in this paper is that many of the op­
portunities available in the traditional approach for checking the completeness of data 
collection and the adequacy of models to reproduce current travel are lost. Thus, with 
current trip generation and distribution primarily simulated, and not enough origin­
destination survey data to allow expansion to a universe of current travel against which 
the simulation models can be tested, how can we be sure that we have valid forecasting 
tools? 

Comparison of ground counts with results of an assignment of simulated current 
travel will take on added importance as a test. But in designing an urban transporta­
tion planning study to incorporate some of the cost-saving techniques described in this 
paper, it will probably be necessary to conduct other data collection surveys of limited 
scope in order to provide the means for testing and evaluating the tools of travel fore­
casting in other ways as well. 

Roadside interviews on a screenline running through the area would be particularly 
valuable in this regard. In some instances roadside interviews in major travel corri­
dors, without necessarily forming a screenline, might be helpful. Collection of travel 
data at some of the principal employment and shopping centers or other major trip at­
tractors in the area, perhaps by utilizing a postcard survey, should also be considered. 
A similar limited survey of transit riders might also be indicated. 

CONCLUSION 

The authors do not pretend that the cost-saving techniques discussed in this paper 
are any more than ideas, as yet largely untried. But many are felt to be worthy of 
immediate consideration, in planning for new transportation studies particularly. Other 
ideas presented are admittedly pure speculation and require careful evaluation through 
detailed research. 

As stated early in this paper, the authors' main objective has been to stimulate the 
thinking of transpo1~tation pla.1111ers in lhe direction of greater economy and to plant the 
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idea that more economical techniques need not mean sacrificing any degree of reason 
and reliability in the planning process. Indeed the very techniques that will save money 
may lead the way to better planning. 
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Discussion 
JAMES J. McDONNELL, Chief, Urban Transportation Branch, U.S. Bureau of Public 
Roads-As in any other endeavor, there is a need in the urban transportation planning 
profession to continually evaluate the procedure being used in terms of both technical 
adequacy and cost. Ideally, this evaluation process should be made as standard oper­
ating procedure. 

The ideas suggested by the authors represent a very commendable start in the eval­
uation process. They could conceivably form the basis of a research program taking 
into consideration, of course, the previous research conducted. Some of this research 
is identified in the paper. 

The authors' main objective was to stimulate the thinking of transportation planners 
in the usefulness of the procedures discussed. In my case, they have succeeded in 
this objective. As I see it, the procedures identified for possible change are oriented 
around cost savings in the trip and socioeconomic portions of the data collection phase, 
and the trip generation and distribution portions of the analysis phase. In order to 
make a full evaluation, it would seem appropriate to also include traffic assignment 
procedures. Furthermore, speaking from the technician's point of view, it would seem 
more desirable to evaluate the procedures primarily on technical consideration and 
relegate cost to a secondary consideration. It is my feeling that the dollars that could 
be saved with more streamlined procedures would be greater than those saved by op­
timizing procedures that we all agree are not as perfect as we would like them to be. 

The element of work that would be most affected by a reduced sample of home in­
terviews or a sample that does not measure the universe of trips would be the analysis 
of nonresidential trip ends. When dwelling unit interviews are analyzed on a one-by­
one basis, it is possible, as the authors have pointed out, to determine trips per dwell­
ing unit, trips per car, trips per person, and the other commonly used residential trip 
generation rate factors; however, when limited surveys are used for a nonresidential 
trip generation analysis, it has been found that there is difficulty in establishing a sta­
ble universe for nonresidential trip ends. Therefore, it would be necessary to determine, 
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for example, shopping trip ends from some other survey oriented to that need. Work 
trip ends could be determined from interviews conducted at work sites, provided there 
is the necessary cooperation. I contend that such an approach would be unsatisfactory 
to the statistician and also very expensive. 

As the authors point out, the home interview survey has been with us for along time. 
I look on its durableness as an indication of its merit. When an urban area is contem­
plating improvement programs that will result in the investment of millions of dollars 
of public funds, the dollars that go into a data base seem to me to be money well spent. 
It can be argued that the introduction of simulation models should have made our need 
for voluminous travel data less essential. Well, it has for certain areas of the pro­
cess such as residential generation and trip distribution; however, the data also allow 
us to take a much more sophisticated look at other par ts such as modal split and non­
residential trip generation analysis. These areas tax the data stability of even the 
"c0mprehe;1sive" hurne iui.erv iew survey data. 

The procedures suggested by the authors show much promise when used in the con­
tinuing phase of the urban planning process. The continuing phase consists of five 
elements. They are surveillance, continuing reappraisal, service, research, and 
annual report. 

The surveillance function is basic to the entire continuing process. Yearly main­
tenance of land-use and socioeconomic data as well as essential traffic and transpor ­
tation data is the key to the continuing process. A trip end estimate based on changes 
in population and employment and other factors that have been determined in the initial 
phase to be significant in trip generation should be made on an annual basis. If this 
surveillance is done, then the procedures suggested by the authors could be developed 
to update and reevaluate the models and plans developed in the initial study. 

Checks could be made of the models developed in initial studies by assigning the re ­
sultant trips to a current network and comparing them, as the authors suggest, to 
ground counts accumulated across screenlines and to vehicle-miles of travel checks 
by district and by facility type . At that time, the surveys required should be oriented 
to the refinement of initially developed models. It may be decided that the trip dis ­
tribution model is the model that needs r efinement and not the trip end models. If 
such is the case, then a survey could be developed to satisfy the need and for the re­
evaluation work, the old trip end models could be utilized. Such models may require 
adjustment in subsequent years and at that time a survey to satisfy a single purpose 
could be developed. 

Specifically then such surveys would be structured around the solving of pr oblems 
that have been identified in the reappraisal element of the continuing process. Any 
such methods should require a careful evaluation by the entire staff involved in the 
urban planning study. 

These authors have brought thoughts and ideas to this forum. They should be eval­
uated in detail by other researchers in this country and the results of such work should 
be presented at futur e meetings of the HRB. It is through such research that worth­
while planning methods will develop for the use of persons conducting urban trani;por­
tation planning studies. 

RICHARD J. BOUCHARD, Director, Rhode Island Statewide Planning P rogr am - Cost­
saving techniques for 0 - D surveys have been a familiar topic of dis cussion at HRB 
meetings i n recent years . In 1960, Rober t Davidson, then with Boston Univer s ity, r e ­
ported on a very s mall sample survey which was us ed to develop a trip distribution 
model fo1· the Boston region (9) . Since that time, a large number of r eports (for example , 
10, 11 , 12) have been presentecl documenting the validity of the s maller samples for pur­
poses ofdeveloping s uch dish·ibution models . But it appears that continuing discussion 
along these gener al lines is still necessar y because even loday large sums of money 
and , perhaps more importanl, large quantities of pr pc ions · e ?.!·e bei!1g spent in ~cn­
duc ting, adjus ting, and analyzing large-scale sm·veys . 
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The authors have set forth a number of suggestions which are said to reduce the 
time and costs involved in such surveys. While many of these proposals seem to be 
well presented and objectively discussed, the significance of some of them warrants 
appraisal. 

The authors, for example, suggest that because of the rapid development oI trip 
distribution models, current data needs are governed by the trip generation phase of 
the transportation planning process. They recommend that generation analyses be 
conducted on a household-level basis rather than on a zonal-level basis as a more re­
alistic means of developing standardized trip generation equations which could be cali­
brated for any area of the country. While this recommendation may merit further ex­
ploration, its significance may well be questioned. 

This discussant believes that trip generation has been made overly complicated be­
cause of a desire to "explain" too precisely the interrelationships between travel and 
the various characteristics which supposedly generate travel. Seven, eight, and even 
nine variable equations to generate total person work trips are not uncommon today. 
These equations have been justified because they explain an absurdly large percentage 
of the variation in those trips. On the other hand, two variable equations used to ex­
plain the same type of trip-making have also been used, but with more limited success 
in terms of their ability to explain current variations in trip-making. 

The point, however, is that if the same statistically reliable measures are accepted 
in the trip gene'ration phases as are already presumably accepted in the distribution 
and assignment phases, perhaps more rapid progress could be made in developing trip 
generation models which are standardized, at least to a degree comparable to present 
trip distribution and assignment models. 

Three factors seem to support a less rigid statistical analysis of trip generation 
equations. First, it is certainly debatable whether the increased number of indepen­
dent variables required to enhance the statistics of the equations are justified when one 
keeps in mind that all of these independent variables must be forecast 20 or 25 years 
hence. Second, it is doubtful whether the basic survey data can justify the attainment 
of rigid statistical results. Third, it would appear to be easier and more valid to com­
pare one or two variable equations from various study areas throughout the country 
than it would be to compare equations with a larger number of variables. And this com­
parison is necessary if a standardized trip generation theory is ever to be developed. 

So while the suggestion that something must be done to reduce the data needs of the 
trip generation phase is valid, the key to this reduction may well lie in acceptance of a 
lesser amount of statistical reliability. Once this notion has been accepted, then sec­
ondary improvements, such as use of the household rather than the zonal level, would 
be worthy of investigation. 

In line with this, another thought might also be registered. The authors have cor­
rectly suggested that there are certain areas where the recommended procedure fails­
notably with the production and attraction of non-home-based trips and with the attrac­
tion of all other types of trips. To combat this significant failure, the authors suggest 
that relationships be borrowed from other study areas. If these relationships are to 
be borrowed it would seem that the "standardization" previously mentioned must have 
been reached, at least to a greater degree than apparently has been reached to date. 

The authors make a second principal recommendation in calling for the elimination 
of traffic zones and the establishment of so-called planning areas with multiple loading 
nodes. 

It is somewhat unclear just what the significance of this proposal may be, particu­
larly when considered in conjunction with the previous recommendation concerning 
trip generation at the household level. The authors suggest using the household-level 
trip generation equations at the planning area level, and disaggregating the results to 
trip loading nodes on some rational basis. If the basic premise that a household-level 
equation can be applied to an area representing a large number of households is ac­
cepted, then it makes little difference whether the equation is applied to the traffic zone 
level as is now customary, or is applied to the planning area level and disaggregated 
to a traffic loading node as suggested by the authors. 
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The authors suggest that their procedure is an improvement because it would 
eliminate the customary concern about standard data collection units and it would be 
possible, for example, to assemble population data on a census tract level and em­
ployment data on the individual establishment level. This may be so, but the simple 
fact remains that trips must eventually be allocated to a loading node and this loading 
node must represent a small traffic drainage area if the traffic distribution and as ­
signment processes are to yield realistic results. Consequently, it makes little dif­
ference whether the trips are disaggregated from the planning area level to the loading 
node as suggested by the authors, or the social, economic, and land-use data are dis­
aggregated from the data collection area as is now customary where the collection 
units are not standardized. 

The authors further suggest that this procedure is an improvement because the 
planning area boundaries could be changed over the course of time and therefore could 
be adjusted to better reflect alternate land development patterns in the forecast year. 
The same course of action is possible with traffic zones today if the basic premise 
that the household- level equations can be applied to an areal unit representing large 
groups of households is accepted. In other words, whether you deal with a planning 
area and multiple loading node concept or with a traffic zone concept appears to be 
somewhat immaterial. 

The authors make several other suggestions in their paper which bear some com­
ment. They suggest, for example , that it may not be necessary to expand survey 
data to the total universe. This suggestion appears valid. In fact, in two recent sur­
veys (13, 14) conducted in Rhode Island, the data were not expanded and the results 
have been entirely favorable. Connecticut has also followed the same procedure in at 
l east two s urveys (15, 16), and s imilar conclusions were reached. 

A tel ephone survey and postcard questionnaire are mentioned by thP. authors as 
possible alternative methods of collecting data. Exper ience in Rhode Island indicates 
that both methods are satisfactory for collecting origin-destination survey data (17) 
and that significant cost savings can be realized by employing such techniques. -

The authors' s ugges tions on truck s w·veys and roadside s urveys, for the most part, 
seem appropr iate and worthy of i mplementation without additional i nvestigation. 

F inally, the authors make the point that , as sample sizes are reduced, the value of 
a good volume-counting program becomes more critical. The importance of this state­
ment, regardless of the amount of 0-D data collected, must be recognized by any 
planning program which desires to be active in providing highway design figures. 

In summary, the authors have presented a number of suggestions , many of which 
are quite valid and quite significant. These should be implemented with a minimum 
of further delay. They have also presented two suggestions which may be questionable 
as to their significance and validity. These should be further investigated in the near 
future , perhaps by the authors , and the resulting facts and figures presented as soon 
as possible. 
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AUSTIN E. BRANT, JR., and DANA E. LOW, Closure-The authors wish to express 
their appreciation to the discussants for their thoughtful consideration of the paper. 

Mr. McDonnell emphasizes the important point that any changes in procedures used 
in the transportation planning process must be evaluated from the technical standpoint 
as well as on the basis of costs. The aim should be to improve quality while reducing 
costs, but we cannot ignore the fact that highly sophisticated procedures which utilize 
large volumes of data and complex methods of analysis may not really result in a 
better product. 

Mr. McDonnell suggests that special surveys would be needed to establish a stable 
universe for nonresidential trip ends. The data already available should, of course, 
be fully utilized. Area-wide totals for attracted trips can be determined since total 
attractions must equal total productions, corrected for trips crossing the area bound­
ary. Detailed employment data are available in the records of employment security 
agencies. Research projects, such as Keefer's studies of airports, shopping centers 
and industrial plants (20), can be used to estimate attractions. While an approach 
which uses data from many different sources and which accepts models developed in 
other studies may not be statistically satisfying, it should be more than adequate for 
engineers and planners who realize that the entire transportation planning process is 
based on forecasts of socioeconomic data 20 to 30 years in the future. The degree of 
error inherent in such forecasts will far outweigh any statistical errors introduced by 
using streamlined procedures. 

The authors have not attempted to indicate that the home interview survey has been 
in use so long that it is now outmoded. Dwelling unit interviews form an essential part 
of the procedures we have proposed. The use of models, however, reduces the re­
quirements for the type of data obtained in the home interview survey. Admittedly, the 
proposed procedures may reduce the statistical validity of simulation for certain types 
of travel, but very often these types form only a small part of total travel and have a 
very limited effect on forecast design hour volumes. 

Mr. McDonnell's suggestions that the proposed simplified procedures be applied to 
the continuing phases are most appropriate. 

Mr. Bouchard points out that trip generation equations can be made overly compli­
cated by incorporating an excessive amount of variables. This is very easy to do, of 
course, in multiple regression analyses. After working with computers for some time, 
one may lose sight of the common-sense relationships between cause and effect. The 
development of objective standards for trip generation would seem to be a fertile field 
for research. Mr. Bouchard also brings out the point that all independent variables 
must be forecast far into the future. These forecasts may range from the hopes of 
land-use planners for the types of development that they would like to see occur in the 
future to trend-line extrapolations of what has occurred in the past. 

Mr. Bouchard comments on the proposed use of planning areas in lieu of traffic 
zones. When small traffic zones are used, those responsible for land-use planning are 
required to subdivide their data collection and forecasts into small geographic areas. 
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While land-use planners can forecast the type of developments which will occur in 
large areas, it is unreasonable to expect them to select exact sites for industrial de­
velopments, shopping centers and the like. Forcing land-use planners to use traffic 
zones does not improve the accuracy of the result and may be misleading. What is 
proposed is that land-use planners forecast for areas which are within their capabilities 
and that subdivision into smaller areas, or allocation to loading nodes, be done as 
part of the transportation analysis. The authors believe that it does make a difference 
in cost whether or not socioeconomic data are compiled arid forecast on the basis of 
small areas, defined in a consistent manner for all variables. The disaggregation can 
be accomplished at less cost as part of the transportation analysis. Perhaps the dif­
ference is one of semantics, but the proper use of words can often clarify concepts. 

Mr. Bouchard reinforces the statements in the paper concerning the value of a good 
volume-counting program. The authors have not been engaged in any study where there 
were too many counts of traffic volumes or transit passengers. 

The authors feel that they have accomplished their first objective-to stimulate the 
thin.king of experienced transportation planners concerning the methods and procedures 
they use, even though these methods and procedures have been in use for many years. 
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