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PREFACE 

Ther e is currently a sign i fican t amount of work being 
accomplished r ela tive t o t r ave l demand fo recast i ng . 
Much of this work is aimed toward single models encom­
passing the cur rent trip generation, trip distribu tion 
and mode split mode l appr oa che s . Mo s t of the act ivi t y 
considers disaggr egat e mode l formula t ions advan t ageous 
relative to the curren t basic use of aggregate analysis . 
The resear ch activi t ies i n demand fo r ecas t i ng a r e look ­
i ng towar ds improved oper at i onal l y tested mode l s . 

For the next few years at leas t, t he current l y applied 
methods for tr i p generation , t r ip distribution and 
modal split wi l l provide the necessary tools fo r policy 
planning, alternate systems planning and pro j ect plann ­
ing . A considerable amount of research and developmen t 
has already taken place in the developmen t of models 
currently in use and in many cases very specific 
recommendations can be made re l ative to approach and 
values for a particul ar application . 

The purpose of trip generation analysis is to pr ovide 
the means for relat i ng the number of trips to and from 
act i vities in an area to the land use and socio-economic 
characteristic s of t he ac tivities measu red in t erms of 
land use i ntensity , character of the activities and 
location within the urban environment. The study of 
trip generation attempts t o identify and quantify the 
trip ends rela t ed t o various urban act i v i t y withou t 
desc ribing other t r i p char acteristics such as direction , 
leng t h or durat ion . Usually , t he int eres t is in trips 
per average we ekday , bu t may be for weekend or s pec ial 
purpose travel . 

Almost al l current ly appl i ed t rip generat ion ana lys is can 
be categorized as de scr ibed be l ow : 

(1) Relating trip ends t o land us e and socio -economic 
character istic s t hr ough r egr e s sion analys is . 

(2) Relating trip ends to land area, f l oor a r ea or 
other use measures such a s emp loyment through t rip 
rates . 
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(3) Classifying trip ends by characteristics of the 
analysis unit general l y referred to a s cross ­
classification analysis. 

Although no general theory of trip generat ion for current 
application in an operational framework has emerged, enough 
work has been accomplished to allow the presentation o f a 
recommended app roach to trip generation analysis. 

The purpose of this document i s to provide a step-by-step 
approach to tr ip generat ion analys is which should be 
pertinent in many current urban studies . The approach is 
straightforward, is based upon logic and common sense , 
i s more easily monitored and can be updated with more 
efficient use of survey and secondary source data , is 
easily understood by the administrator and the public 
and allows application to the various areal units required 
fo r r egional , corridor and small area study . The approach 
is based upon c r oss classification for residentia l trip 
generation and upon rates for non- r esidential generation . 

The procedures and suggestions contained in this manual 
reflect the current views and ideas of the Urban Planning 
Division, Office of Highway Planning. Preparation of the 
text for publication, except for revis ions and final editing, 
was accomplished under contract with the Comsis Corporation, 
Wheaton, Maryland. 
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CHAPTER I 
INTRODUCTION TO TRIP GENERATION 

DEF INITI ON AND GE~E~~L DESCRIPT ION 

Tr ip generation provides the linkage between land use 
and travel. Trip generation may be separated into two 
phases . In the first, an underst anding and quant i fication 
of the travel- land use l i nkage is developed. In the 
second phase, the results of the quantifica tion are 
appl i ed to forecasted l and use charac t eristics to 
develop fu ture travel estima t es . 

Fo r trip generation purpose s travel is considered in 
terms of trip ends . That i s , the number of trips . I t 
does not consider their other characteristics such as 
direction, l ength or duration. The trips considered are 
usua lly those generated for an average weekday but they 
may also be for weekend trave l, for a particular trip 
purpose , by mode of trave l or othe r strat i fication required 
for a spec i fi c ana l ysis or f oreca s ting purpose. Trip 
ends may be in terms of origins and destinations or in 
terms of productions and attrac tions dependent upon the 
purpose of the forecast and th e s ubse quent models to 
be used fo r trip distribution and modal choice. 

Land use for trip generation purposes is usually described 
in terms of land us e i ntensity, charac t er of the land 
use activi t ies , and location within the urban environment . 
These me as ures , described in greater detail later in 
this chapter, are input to trip generation. Initially 
the l and use and travel a re l inked for some measured 
current pe r iod utilizing techn iques such as cross 
classification, tr ip ra t es or regression analysis . 
These rel a t ionships are then utilized and applied to 
forecasts of l and use to <level op future trave l. 

Early travel forecast s util ized the results o f or igin ­
dest ina tion s tudies to describe exist ing travel patterns 
i n the form of tables of tr ip o ri g in and destination 
a nd by "desire lines" to indicat e the major trip 
movemen ts. This data was often extended i nto the f uture 
by some fo rm of extrapo lation. In the early 1950's 
analytical techniques were developed to quantify urb a n 
trip vo l umes in terms of measurable land use and socio -
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economic characteristics of the people making tri ps . 
Trip generation rates were developed f rom the 
0-D surveys and land use data and a pplied to a land use 
plan for the forecast year . In the late 1950 ' s an<l early 
1960's regression techniques which de veloped equations 
relating trips to l and use and socio-economic character­
istics found favor and were widely applied. The relative 
ease with which many variables could be considered often 
resulted in equations t ha t could not be easi l y understood , 
that were often mi sinter preted, t ha t could not easily 
be mon itored a nd updated and that requ ired forecasts of 
characte r is t ics wh ich could not be forecas t ed with 
acceptable deg r ees of confidence . However, muc h was 
a ccomplished t hrough r egression analysis in gaining 
basic insight into travel and providing background to 
f urther development . 

In the last f ew years a shift in emphasis from aggregated 
zonal a nalys i s utilizing regression procedures to a 
disaggrega ted household cross class ification approach 
also of ten t ermed catego r y a nalysis has occurred. 
Th is l a tter work has the advantages of : 

making eff i cien t use of s urvey information 
being valid in forcasting as well a s 1n 

the base year 
being easi l y monitored and updated 
be ing s t ra i ghtfo r war d and understanda bl e 

Sufficient work has already been accomplished in trip 
gene ration analysis to allow the presentation of a stcp­
by-step approach for cons ideration in urban s tudy appli­
cations . * 

TRIP GENERATION IN TODAY'S TRANSPORTAT IO>l PLAN1 I NG PROCESS 

Re giona l St udy 

Trip genera t i on plays a rol e in many phases of transpor­
tat i on pl anni ng and traffic engj neer ing related activities . 
The continui ng urban transpor t at ion planning process 
depicted in Fi gur e 1 generally is based on a comprehensive 
s tudy of an urba ni zed area . The overa l l technic al process 
includes the major phases of (1) formu lat i on of goals 
and objectives ; ( 2) orga n ization fo r the process and the 
assembl ing of data; (3 ) analysis of current conditions 
i ncluding the calibration of models ; ( 4) areawide 

*While this publicat ion suggests a simplified approach , altern~tive ~e~hods 
of t rip generation analysis w0re t r eated eq_ually in "Guide~ines f or Tr i n 
Gene r at ion Analysis " (13) . 
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forecasts of future cond i tions; ( 5) the analysis of 
future alternative systems; (6) the continuing e l ements 
of surveillance , reappraisal, procedural development, 
service and annua l report. The models developed 
and applied usuall y include those for l and use, trip 
generation, trip distribution, modal split and traffic 
assignment. Population and economic studies are used 
to develop input to land use models in terms of the 
magnitude of population, emp loyme nt and o t her economic 
characteristics . Land use models are used to determine 
where the activities will be loca t ed throughout the r eg ion 
a nd provide input to trip genera tion mode l s which are 
used to pred ict the number of trips the act ivities will 
ge nerate. Trip dis tribution mode l s take the output 
of trips to and from the l and use activities produced 
by the trip generation mode l and determine their spatial 
orientation-or where the trip s wi ll go . These trip 
interchanges are usual l y input to a modal choice model 
wh ich determines how much of each trip i nterchange wi l l 
be by each of the modes considered . The assignment process 
then det e rmines the loading of the highway and mass 
transportat ion facility segments resulting from the 
tr ip interchange desires. 

For regional study , the broad range of ~and us e and 
related social-economic characte ristics must be cons idered 
in the base year trip generation analysis and i n application 
of the trip generation relations hips to f orecasted 
activi t ies . Tr ip generation analysis us ual l y i s 
s t ratified into two components : 

- tri p generat ion at the household level 
- trip generation at the non-resident ia l level 

At the household level, characteristics usually considered 
for trip generat ion include car owne r ship , income , density 
of development and hous ehold s iz e . The househo l d 
generation results generally are us ed as a " control" 
on the total of non-residen t ial generation whi ch 
usually considers c haracter istics s uch as employment, 
type of l and us e (retail, office, e tc . ), and type of 
area (CBD , suburban, shopping c en t e r, etc . ) . "Special 
generators" such as the a i r ports and s t adiums are 
usua lly separate ly hand l ed from the rest of the 
a nalysis because of their unique travel genera t i ng 
characteristics. 
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Of necessity, regional trip generation analysis is 
broad in nature considering the full range of travel 
and land use activities. The trip s analyzed are usually 
for an average weekday with statistics developed on 
a zonal l evel for input to subsequent models. 

The continuing transportation planning process requires 
adequate monitor ing and updating of trip generation 
relation~iips when sufficient change warrants . Since 
trip generation provides the linkage between land use 
and travel, it is important that the relationships 
established be evaluated periodically for stabi lity and 
applicability . Likewise, c hanges in land use and social­
economic characteristics must be monitored on a continuing 
basis to evaluate c hanges in trip generation from the 
most current forecasts. To accomplish this, selected 
land use and social-economic data must be maintained 
through an on-going surveillance program to assure the 
abi lity to evaluate, and if necessary, update previous 
forecasts through a routine review process . 

Corridor and Small Area Study 

The transportation planning process has seen a shift 
in emphasis from long range plan deve l opment to short 
range plann ing and the evaluation of specific corridor 
needs, special detailed area study and other service 
functions. There has been a demonstrated need for the 
incorporation of policy sensitive factors in the 
estimation process with the corresponding need to 
increase the sensitivity of the modeling process to 
" cur rent" problems. Examples of these more current 
problems are: 

Evaluation of transportat ion demand resulting 
from redevelopment or re zoning an area 
within a city . 
Determining the impact of a new office 
building complex on the surrounding system. 
Detai l ed evaluation of alternate highway 
configurations, ramp spacing locations , 
etc . 
Evalua tion of alternate modes for a heavy 
demand corri<lor . 
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There has been considerable study of sub-areas a nd corridors 
in the past , genera lly based upon r egional level analys i s . 
As the shift to shorter r ange deta i led a rea study progr esses 
there will, of necessity, be r equirements fo r trip 
generation a t a more detailed level of app lication. 
Much of the increased i nt e r es t in sma ll area deta il ed 
study a ppears to be from counties, c ities a nd towns 
within reg ional transportation s tudy boundaries. 

There is much interest at this level o f government to 
s tudy i n detail th e tr a nsportation i mplication of the 
regional sys t ems being developed in their a r eas . Many 
re gional studies have already geared up to support 
these loca l appl i cations through p r oviding data, c omputer 
support, and technical know -how. 

Trip generation analysis for corridor pl anning must 
be accomplis hed at a finer level of detail than genera l ly 
used f or regional s tudy . This is based up on the r equire ­
ment fo r traffic assignment s to be made to more detailed 
networks uti l izing smaller zones . The choice of 
technique used for trip ge neration on the rcg i onwidc 
bas is ha s an impact in corrido r and s ub - area study . 
Generation analysis at a zo nal level for the r esidential 
an a l ys is will usually result in problems in application 
to zone sizes different from the zone sizes used f or 
r e lationship development, especially when regress i on 
techn ique s are used . Disaggregat e analysis such a s 
that accompl i shed with c r oss-classification a t the 
household level will produce res ult s which can be 
appl i ed at any l evel fo r whic h land use and related 
characterist i cs can be developed . Likewise , at the 
non-res idential end, sufficient disagg r egation is 
desi r ab le to allow a detailed acco unting for the 
specialized l and us es in t he area of study. Usually, 
a rate approach with specialized hand l ing of major 
genera tors can provide the required leve l of detail. 
It ha s be en found that a high proport i on of trips in 
an area are attracted to a smal l port i on of the land . 
The fo llowing sections discuss s pecia l generato rs and 
new development evaluation . 

Spec i al Gene r ators 

Regionwide trip gene r ation analys is must of neces s ity 
be somewhat general in the treatment of the wide 
diver si ty of land us es in an urbani zed area . There 
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are specific generators which are of sufficient size 
and perhaps unique in their tr ip generation character­
istics to warrant specia l cons ideration in t he trip 
generation analysis and forecasts Such generators 
might include airports, sports stadiums, hospitals , 
army bases, and large regional shopping centers . 
These land uses arc generally handled separately from 
the regionwide analysis, and the results merged together 
prior to trip distribution in t he forecasting process . 
In addition to the development of trip generation rates 
for specific si t es for merging into regional fo r ecasts 
of travel, site analysis is of considerable use in the 
assessment of impacts of new developments on the current 
transportation system and in the determination of 
im1lrovements to the highway and mass transit system 
to serve new developments on a short range basis . This 
use i s further discussed in the next section . 

Most tr i p generation analysis for regionwide app l ication 
has relied on trip information collected in a home 
interview survey with the land use and non-res i dent ial 
socio-economic characteristics obtained from field 
surveys and secondary sources. For example, work trip 
generation at the work place is usually based upon 
employment, with the trips accumul ated at the work 
place from a sample survey collec t ed at the home . 
There have been studies which have supported this 
approach and others which have recommended that site 
collected trip data is more appropriate for such analysis . 
For regionwide analysis aimed at total systems planning, 
the home interview survey data should be suffic ient for 
analysis at the non-home end . Where appropriate, 
special sites should be evaluated through trip data 
collected at the site . For impact analysis, corridor 
and small area studies, site analysis and the other 
phases of the continuing planning process, bet ter 
information on the generation of travel can be obtained 
by collecting both trip and land use information at the 
site rather than relying on home interview data. 
Such an approach can be estahlished as a continuous 
monitoring process possibly elimina ting the need 
for additional home interview data. 

~!ajor generators are relatively few in number in most 
urbanized areas . Concentrating data collection and 
analysis on the few major gene rators, should provide 
more accurate estimates than using the same resources 
to thinly cover all areas . It is recommended that the 
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base tr i p data used for trip generation (usually home 
interview data ) be supp l ement ed with mo r e specific 
informat i on for the few sites requiring more detailed 
da t a and analysis . In base year model development site 
analysis is useful to i mprove t he accuracy of non ­
residential trip generation est i mat es . In the 
continu i ng phas es of regionwide study co l lection of trave l 
informat i on at s e lected sites can supply much of the 
necessary update information . Such data with pe r haps very 
small home interview sample updates can provide the framework 
fo r t he continuing trip generation anal ysis . Consideration 
should also be given to "borrowi ng" the needed rates . See 
the next section for references . 

New Development Evaluation 

Tr i p generation is important to the traffic engineer in 
consider i ng the i mpact of a new office complex , shopping 
center or residen tial development . Of interest at this 
leve l is t he amount of traffic a new development will 
generate , the necessary upgrading or i mp r ovement to existing 
fac ilities , traff ic control requirements and any new connect­
ing facilities required . For these purposes trip generation 
is obviously mos t pertinent relative to traffic at a specific 
land us e activity . The range of specifi c activi t ies might 
i nclude : 

Shopping cent ers 
Regional Shopping Centers 
Community Shopp i ng Centers 
Neighborhood Shopping Centers 
Free Standing Discount Stores 
Strip Commercial Areas 

Res i dential developments 
Subdivisi ons 
Apartments 
Mobile home parks 
High rise apar t ments 
Retiremen t communities 

Industrial developments 
Industria l parks 
Warehousing 
General Industry 

Office Buildings 
Doctors Cl inics 
Trucks and Rai l Termi na l s 
Hospitals 
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Colleges 
High Schools 
Elementary Schools 
Civic Centers 
Librari es 
Airports 
Theat r es 
Hote l s 
Parks 

Data f or t h is t ype of trip genera t ion analysis is also more 
specific than required for regionwide transportation fore ­
casting. Sites are chosen for study which are expect ed to 
be r epresentative of the proposed deve lopmen t . Traffi c 
counts are made at all ent rances to and exits from the 
sites chosen for analysis . These are usually made over 
perhap s a week . I n addition to counts, background info r ma­
tion on the site i s compiled i n order to develop the r equired 
traffi c generation rates . This background data might include 
dwelling units , a i rcraft off and on pas senger loadings , number 
of emp l oyees , residing doctors , etc . Two rather comple t e 
documents containing t r i p generation rates by specif i c site 
types for regions of the Unit ed States are:Volume XV Travel 
Genera t ion prepared by the National Ass oc i ation of County 
En gineers and Tri Generat ion b Land Use Part I, A Summar 
of Studies Con ucte prepare y t e Maricopa Associa tion 
of Government s ( 1 , 2) . An Insti tu te of Traf f ic Engineers 
Technical Committee i s currently cornp:ling·and anal yzing 
rates from studies around the country ~nan on going s tudy 
and r esults should be ava ilable mid 1975 (16). Rates f r om 
s ource s such as these c an be ver y usefu l in providing a 
ready reference to est ima ting the probable impact of a pro­
posed. activity . 

BASIC TRIP GE NERATION CONSI DERATI ONS 

The goal of trip generation model development is to establish 
a f unctional relat ionship between travel and the land use and 
s ocio -economi c characteristics of the uni t s t o and f r om whi ch 
the travel is made . A causal relationship is desired in whic h 
the fo l lowing t yp es of questions are answered : 

What i s the difference in t r ip making be tween 
a famil y living in a high rise apartment close to 
the cen t r al business district and a similar fami ly 
living in a s ingl e family home i n the suburbs? 
What i s the difference in trips to a 50 s tore 
s hopp ing center serving a suburban area as compared 
to 50 stor es of a simi l ar s i ze and nature located 
in a centra l bus iness area? 
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Questions of the above nature can be considered in terms 
of intensity of land use, the character of the l and use 
and its location wi thin the urban envi ronment. 

Intens ity of Land Use 

Intensity of land use i s t he amount of act ivity to be 
fo und i n a gi ve n areal uni t (i . e . zone) and is us ual ly 
stated in terms of a density measure s uch as employees 
per square foot of floor area or acre of s ome s pecif i c 
land us e ca t egory , or dwelling units per acre . As 
an example , the number of tr ips pe r dwel ling unit generally 
dec r eases as the number of dwelling units per r esidential 
acre increas es . High r ise apa r tments (dense) and other 
dense r esidential developments are us ual ly with i n 
walk i ng dis t anc e of many services , thus alleviating 
t he need fo r a vehicular tri p . When residential density 
i s l ow (perhaps l ess than 10 dwe l ling unit s per acre ) 
tr ip rates a re high since almost a ll trips mus t be 
made by vehicle . 

Characte r of Land Use 

Land us e int ensi t y meas ures are usually not sufficient 
in themselves fo r trip generation relationship deve lop­
ment. There is additional variation in travel that 
is account ed fo r by variables t hat may be termed the 
" character" of land use. On a household level, character 
is express ed in socio-econom i c terms s uch as family 
income a nd car ownership . With all other condit ions 
t he s ame , familie s with higher incomes gene rally own 
more automobiles and make more trips . Low income 
fami l i es ofte n own no cars , rely on public transportation 
and wa l king a nd thus exhibit low ve hi c ular trip making 
potentia l . The h igher trip making familie s usual l y 
show increas es in s hopping and socia l -recreationa l 
t rips with trips fo r work rema ining relatively stable . 

For non-residential land uses characte r is usually 
reflected in the type of act ivity (e . g . , manufacturing , 
r etail, commercial) . 

Locat ion of Land Use Activity 

This factor relate s to the spatial distribution of l and 
uses and land use activities with in a study a rea . The 
locat i on of residential land is impor tant as may be 
shown by t he higher trip r a t es of a high rise complex 
i n the s uburb s ve r s us rates fo r a s i mi lar compl ex in 
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the CBD. Likewise, a department store in the CBD with 
the same floor space, number of customers, same merchan ­
dise, etc, as one in the subu r bs would have a lower 
"trip" generation rate since many customers walk to 
the store. 

It is diff icult to separate the individual effects of 
intensity, character, and location . Each type of variable 
explains some of the variation in trip making. These 
types of variables are used in trip generation model 
development regardless of the type of analysis used-­
cross-classification, regression analysis or rate 
development. 

Procedures for Trip Generation 

Cross-classification is a technique in which the change 
in one variable (trips) can be measured when the changes 
in two or more other variables (land use- socio-economic) 
are accounted for. Cross classification is not heavily 
dependent upon assumed distributions of the underlying 
data and, as such, is some times referred to as a 
"nonparametric" or distribution free technique. Basically, 
the technique stratifies "n·' independent variables into 
two or more appropriate groups, creating an n-dimensiona l 
matrix . Observations on the dependent variable are 
then allocated to the cells of the matrix, based on 
values of the several independent variables and then 
averaged . 

The land activity rate approach is based upon the deve l ­
opment of rates in which trips are related to land 
us e characteristics reflecting the character. location 
and intensity of land use . The method may also be 
considered a type of cross-classification analysis. 

Non-residential trip generation is usually based upon 
an ini tial strat ification of trip data by trip purpose 
and attraction variables considered most pertinent. 
For example, work trip rates may be based upon total 
employment , school tr i ps on school enrollment and s hop 
trips on retail sales . The rates should further be 
stratified by land use density or categories within 
an activ ity type (e.g. , regional shopping center, CBD 
or strip commercial) . The rates developed are strictly 
ratios between trips and the variable chosen such as 
trips/employee or trips/student. The data used is 
usually aggregate data summar i zed to some multizonal 
system. 
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Details of regression analysis can be found in "Guidelines 
for Tr ip Generation Analysis " (13). In summary , the 
regression process consists of deve l oping equations in which 
trips or a trip rate (i.e ., trips/household) is related to 
independent variables which explain the variation in the 
dependent variable (trips or trip rat e). The equations are 
usua l ly deve l oped by trip pu rpose and generally are based on 
data aggregated to the zone level as observations . Al though 
regression is a linear technique fitting straight lines through 
data, transformations of variables into log functions , taking 
reciprocals etc. , can be made result ing in curvi l inear 
representations. 

The important statistics used in eva l uating the equations 
developed include: the multiple correlation coefficient which 
indica t es t he degree of association between t he independent 
and dependent variables in the equation : and the standard 
error of estimate which indicates the degree of variation on 
the data about the regression line established. A statistics 
text should be referred to if further detail on regression and 
correlation analysis is required (3) . 

Regression analysis has been an important tool in trip genera­
tion analysis . A wealth of understanding of travel has 
resulted from application of the technique and most t ransporta ­
tion studies undertaken in the 1960 ' s r elied on the t echni que. 
The procedure has good applicability to some current planning 
problems which wi ll be discussed later in this document . 
However , based upon the regression analysis of t he past and 
cur rent work using cross -classification and r a t e ana l ysis , i t 
appears that more efficient and straightforward trip 
generation procedures can now be recommended . 

Data Source$ 

The basic data source for trip generation analysis has been the 
home interview survey. Within this one survey most, if not a l l, 
of both the travel and land use-socio economic factors can be 
obtained for relationship devel opment at the residentia l end . 
It is at the residential end that the home interview survey is 
most useful s i nce it is here that the sample is selected , data 
collected and the survey is most accurate . Non-residential 
trips may be accumulated from the home interview survey and 
re l ated to non- residential land use character istics. The tr i ps 
to this land from the home interview a r e less stable since the 
accumulation at the non-home end is a rare attribute with 
respect to each dwelling unit within a study area . It is 
expected, however, that for general land uses such as office 
buildings, the accumulations from a home - interview survey are 
suitable. 
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Other s ources should, however, be considered and used 
where desirable. For example, special surveys of 
trans it trave l, i. e . on board s urveys , should be 
considered to s up plement the dwelling unit survey 
when sampl es of tr ans i t trips are scarce . Special 
generators should be s tud ied utilizing on t he ground 
surveys where actua l counts are made of trips to t he 
generator . 

Forecasting Land Use-Socio Economic Characteristics 

I t must be kept in mind that the purpose of the trip 
generation es timating procedure is to f orecas t futur e 
travel based upon forecasts of l and us e and socio ­
eco nomic c harac terist ics . The t rip generation estimating 
procedure is there fore , only as good as the quality of 
the f uture estimates of l and use and soc i o -eco nom i c 
char acteris t i cs . The analyst s hould be s ure not to 
become so involved in the analytical techniques used 
f or deve l oping the tr ip generation re lationships that 
the goal of meaningful forecasts is lost . Great care 
must be exercised i n the se l ec tion of characteristics 
to inc l ude i n the re l a tions hips developed, keeping 1n 
mi nd the two important factors of : a) ability to 
forecast; b) the contribution provided in the trip 
gener ation rel a tionship . These a re sometimes at odds 
and a careful evaluation is r equired . 

Some other factors to be considered are : an evaluati on of 
the trip g rowth r ates as expressed by appl i ca t ion of 
future l and use and socio-economic characteristics for 
r eas onableness ; the development of control total s 
on an a rea wide bas i s for trip product ion and a ttraction 
to allow eva luation of possible changes i n trip genera tion 
characteristics or further ana lys is of l and use . 

The l and use and s ocio -economic characteristics to be 
included i n the r e lat ionsh ips de veloped s hould ref l ec t 
changing conditions . For example , dwel ling unit s per 
acre or to t al dwelling units f or the analysis unit 
migh t be chosen r a ther than ne t r esident ia l acreage 
in order to reflect changing intensity . 

La nd use and social-economic f orecast i ng fo r transport­
ation p lanning is usually a two step process in which 
tota l s tudy area or r egiona l forecasts are first made 
for t he entire area for characteristics s uch as 
popu l at ion , employment, income and car ownership, 
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and the areawide forecasts are then allocated to small 
areas (i.e. , zones ) within the area. Common methods 
for population forecasts for an entire area include 
trend based methods, ratio methods (based on relation­
ships of population growth in one area to that of 
other areas) and component methods (based on analyses 
of net migration and natural population increase) . 
Economic activities projections have been based on 
trend line projection, input - output models, sector 
analysis, etc . 

In allocating regiona l fo recasts to sub-areas a number 
of models have been developed. Most areas have used 
and still use judgement or trend analysis . Of the 
land use models currently in use, residential models 
are the most advanced. 

A discussion of the several models finding appl ication 
in land use forecasting is contained in the Federal 
llighway administration report An Introduction to Urban 
Develo ment Models and Their Use in Urban Trans ortation 
Planning 4 . 

FUTURE DIRECTION IN TRAVEL DEMAND FORECASTING 

Behavioral Disaggregate Approach 

A considerable amount of research and application of 
techniques has been undertaken over the last decade 
in travel demand forecasting. The current research 
and direction in demand forecasting should result in 
considerable improvement in forecasting. This sec t ion 
will descr ib e some of the current thinking in the 
area of improved travel demand forecas ting techniques . 

The basic difference between aggregate and disaggregate 
estimation general l y is in data efficiency . An aggregate 
model is usually based upon home interview origin des t ination 
data that have been aggregat ed into units (e . g., zones) and 
average values developed as paramet e rs for model development. 
Disaggregate modelling relies on samples over a range of 
household t ypes and travel behavior and uses t hese observa­
tions directly (without aggregation) f or model calibration. 

The advantages of behavioral disaggregate models include : 

- savings 1n data required to calibrat e models 
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trans fe rability to different situations 
such as regional ana lys is and detailed 
corridor ana lysis 
transferability between c iti es 
ability to express non-linear relationships 
which are often lost i n the case of 
aggregate anal ys is 
ability of more rapid data evaluation 
and analysis and development of relation­
ships i n a mor e t imely fashi on 
more easily unde r stood 
more efficient moni tori ng and updating 

In a behavioral disaggregate mode l approach to trip 
genera t ion , observations of the behavior of individua l s (households) 
are used direct l y for estimation . Thi s is in contras t 
to the aggregat e approach which has generally been . 
used (zonal es t imates) where observations for households 
are combined and then used for estimation . Behaviora l 
models are formulations in wh i ch estimation' 'is 
di r ected at capturing elements of travel makers' 
dec i sion processes and forecas ting becomes an applicat ion 
of the derived paramete r s to new se t s of information 
about the i ndependent variables!' 

In the regress ion approach to trip generation wide l y 
used in the past, hypotheses about t he ass ociation 
between soc io -economic variables and trip making 
are compared with regression r esul ts to indicate the 
validity of the developed model . Statistical goodness­
of - fi t measur es a r e used to meas ure goodness of fi t 
in an effor t to prov i de a close replication of base 
year data . 

Behavioral models attempt t o replicate portions of the 
travell er' s decision making process . These decisions 
may e ither have a significant impact on travel choice 
or may be re l evan t to some specific issuc(s) which 
must be addressed by the model forecasts . 

Trave l Demand Models 

Cur rent transportation planni ng model s usually consist 
of a sequential set of steps from tr ip genera tion 
through trip distribution, modal split and traffic 
assignment. The formu lation of models is associative 
in that for tr ip generat ion as an example , hypotheses 
concerning association between t r avel and land use and 
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socio-economic variab l es are generally compa r ed 
through regression . Goodnes s -of-fit s tatistics are 
us ed in trying to provide a replication of base year 
data under the assumption tha t s i milar fits are obta i ned 
in future year application . The current models are 
usually somewha t cho ic e abstrac t in that att ributes 
of the transportation system arE handled independently 
of a given mode ' s at tr ibutes . The analys is is usually 
of an aggregate nature in that model developmen t is 
based upon zonal ave rages of travel and land use 
charac t eristics . The models currently used are 
generally determinis tic in that t hey output " single 
value " predictions rather than predicting each 
individual' s probabi li ty of choosing a destination , 
mode , etc . (probabilistic) ( 5) . 

Wi thin the last few years there has been increasing 
activity i n the deve loping of overall demand models 
i ncorporating tr ip generation , trip dis tribution and 
modal spl i t into a s ingle estimat ion proc es s . It 
appears t hat much fu ture research and development 
will be aimed at total - demand model s . These direc t 
demand model s t end to be behavioral in that the model 
includes traveler decision processes which have a 
significant i mpact on travel choices and/or are 
relevant t o specif i c issues which must be addressed 
by the model forecasts . These next generation models 
may be sequent ia l or simultaneous in nature consider ­
ing a number of decis ions s uch as whether or not a 
t rip is to be made , which destination to travel to , 
wh ich mode to select and what path to t ake . The 
model s wil l t end to be disaggregate in na ture and 
will tend toward probabili stic structures i n which 
each in~ividual ' s probability of taking a tr ip, 
s electing a mode , selecting a dest i nat ion, etc ., 
wi ll be considered . The models will also tend 
towa r d choice specific representat ions in which 
specific attributes of th e transportation mode (s) 
being considered are represent ed . 

A conference c onduc ted joint l y by t he Highway Research 
Board and the U. S . Department of Transpor tation 
at Wi ll iamsburg , Virginia in December 19 72 , addressed 
t he en t ire area of urban travel demand fo recasting . 
The fi ndings of t he conference were (6) : 

travel forec as ts a r e r equ ired f or 
in formed transportation decis ion -making 
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improvements are needed 
infor ma t ion is now available that can 
be used to achieve immediate i mprovements 
in operational capabilities (approximately 
in a 1-3 year time f rame ) 
a repertory of imp ro ved methods s hould 
be developed 
s ubs t antial improvemen t s in forecast i ng 
capabi lit ies can be achieved in the 
fut ure (perhaps i n a 5- 10 year time 
f r ame ) 
improved information dissemination a nd 
train i ng are needed 

Th ere is no question t hat i mp r ovements in demand fo r e­
casting will be cont i nuousl y made . Much of the c hange 
i s probably far enough off in the f u t ur e to di scoura ge 
se rious considera t ion i n prac t ica l application over 
the next few years . The sequential applica t ion of tr ip 
ge ner ation, t rip d is tr ibution , mode c ho ice and traffic 
a ss ignment will stil l provide the needed tool s fo r 
some years to come . However , newer improved methods 
wh i ch c an be imp l eme nted withi n thi s mode l l ing 
f ramework deserve strong consideration . Disaggregate 
t r i p ge nera tion techniques us i ng cros s . c lass ifica tion 
ana l ys is can be applied with t oday's methodology 
and prov i de signific ant advantages over aggregate 
methods . For t h i s reas on, u~e of the approach 
deserves serious cons idera tion by the t ransportation 
planner . 

The purpose of t h i s chapter i s to provide a s ummary 
of t he current s tate of the art in trip generation 
as well as probab l e fu ture dir ec tion. The nex t 
chapte r wi l l provide the detai l s of a simplified 
approach t o trip ge nera tion ana l ysis. 
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CHAPTER II 
A RECOMMENDED APP IWACII TO TRIP GENERATION 

The purpose of this chap t er is to describe in detail a 
recommended approach to tr ip generation . Thi s recommendation 
is based upon the considerabl e amoun t of r esearch and applicat i on 
i n the area of trip gene r ation over the last fifteen years. It 
is believed that this past Kork provides the basis for the 
presentation of a simp l e , efficient approach. The approach 
allows incorporation of policy sensitive factors and at the 
same time allows development and app l ication i n a relatively 
s hort t i me period and at a les se r cos t than previously applied 
methods . 

This procedure is present ed as a workable, tested trip 
gene r at ion analysis method which will help reduce the expendi­
ture of planning resourc es . Other t ested opt i ons are available, 
such as regression analysis and cross - classif i cation employing 
different independent variables than those recommended here . 

This chapter will describe the general app r oach and advantages 
of the approach, describe t he development of a c ross class ­
ification matrix, provide examples of the r esults of applying 
the r ecommended approach in some selected areas and describe the 
appli cation of the developed relationships. 

GENERi\ L FORECAST I NG APPROJ\CII 

Summary of Procedure 

The approach for forecas ting is based upon use of cross c l ass­
ification analysi s for residential trip generation and trip 
rates and some modified cross classification for non -residential 
tr i p generation. The proces s is based upon developing trip 
produc tion s and t rip a ttract i ons as generally used for input to 
the gravity model trip distr i bution p r ocess . Other trip end 
values such as or igins and destination~ may be used with only 
slight variations necessary t o the describe<l p r ocess . 

The approach is based upon a control of total trips at the home 
end . The amount of home end travel generated is a function of 
the number of hou seholds and the household characteristics of 
income and car ownership . Thi s residential t r ip generation 
analysis ls based upon two basic relationships. 

The first relates the percen t age of households with 0 , 1, 2 and 
3 or more autos to household income . The second relationship 
re l ates person trips per household to car ownership and income. 
Density of households is also a suggested variable . 
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At the non - home end, a distribution index is developed based 
upon land use characteristics . The recommended variables are 
the number of employees by employment category by type of land 
use, school enrollment and households. Total regionwide trips 
by purpose from an 0-D survey are accumulated by land use 
activity type (e.g . , residential, school , retail , etc . ). The 
trips are then related to an indicator of the intensity of the 
type of activity such as trips/retail employee . 

Advantages of Approach 

The attributes of the above approach, which ar e attribu tes any 
good modelling procedure should have i nclude: 

Ease of understanding-gove r nment official s and the 
public can easily grasp the idea of trips as 
related to household characteristics and rates 
expressed in terms of trips per employee e t c . 
This can be contrasted with regression equations 
where one must try to understand interre l a tionships , 
constants, factors, etc . 
Efficient use of data - sufficient information for the 
residential generation development is available in 
0-D surveys, and if no current survey is available , 
a s mal l specially designed stratifi ed sample s urvey 
will provide sufficient data (6) . For trip 
attractions, employment and populat ion characterist i cs 
are all that are necessary . Site analys is may be 
used to supplement available data. 
Easily monitored and updat ed - the fo r m of t he 
relationship allows monitoring the trip rat es th r ough 
small sample surveys and site analysis to check 
particular trip rates. When sufficient change is 
indicated a larger updating effort might be under ­
taken. 
The process is va l id in forecasting as well as in 
base year accuracy measures . 
The process can be made po l icy sensitive by intro­
ducing factors representing the relevant issues into 
the cros s classification procedure. For example , one 
can assess the impact of d i ffer ing popul at ion 
density levels through the stratification of the 
t rip rates by income , car ownership and density . 
Also, auto saturation levels can be evaluated and 
introduced as a policy issue . 
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Application at differing study levels-since 
the approach is based upon household level 
data for the residential generation and type 
of land use on the attraction end , the rates 
developed should be applicable to any areal 
level of study . The rates developed may be 
applied to districts , zones , s ubzones, for 
regional s tudy, corridor study , new develop­
ment evaluations , etc . 

Transferability between areas-since the 
analysis is based upon household data at 
the production end, the variables used for 
stratification should allow application in 
other areas . In effect , it is easier to 
synthes ize trip generation by use of a cross 
classificat ion approach through its trans­
ferability between different cities . Income 
and auto owners h ip have been found to be 
strong indica tors of travel . The relation­
ship seems to be stable from area to area 
so that synthesis is possib l e . 

Use of census data - the socio-economic data 
used for the residential trip generation models 
are covered through established census sur veys . 
Only the results of smal l sample surveys would 
be required to supplement the Census data . 

Examples of Developing Rates 

This section will provide examples illustrating t he 
development of a cross classification matrix for trip 
production at the household and the development of rates for 
shopping trips at t he at traction end. The purpose here i s to 
describe the process for rate development . Deta i l discussion 
of the process for developing total production , trip purpose , 
mode, car ownership and attraction relationships are provided 
in s ubsequent sections of thi s chapter. The last section of 
the chapter wi l l describe application of the procedure to a 
future forecast.* 

The first example to be described is for the development of 
trips per household s t ra tified by car ownership a nd income . 
Ass ume there are t wenty (20) households in a sample for cross 
classification anal ysis. 

x The descriptions in this chapter are mostly graphic and 
simplified examples . Methods to accomplish the development 
and application of the trip generation re1ationships by computer 
are described in other publications (13,14) 



for each household information is availabl e on number 
of trips , income and car ownership a s typ ically obtained 
from the home interview survey , shown in Table 1. 

TABLE 1 

Example of Househo l d Data for Cross Classifica tion 

Household Trips Income Cars 

1 2 4000 0 
2 4 6000 0 
3 10 1 7 000 2 
4 s 11000 0 
s 5 4500 1 
6 l S 1 700 0 3 
7 7 9 500 1 
8 4 9 0 00 0 
9 6 7 00 0 1 

10 13 19000 3 
11 8 18000 1 
1 2 9 21000 1 
13 9 7 000 2 
14 11 11000 2 
15 10 11000 2 
16 1 1 13000 2 
17 12 15000 2 
18 8 11000 1 
19 8 13000 1 
20 9 15000 1 

A mat rix would be es t abli shed based upon cars owned and 
income with the re s ults of the analysis perhaps 
indicating using the group s shown in the f ollowjng 
Table 2 . The numbers in the matrix represent the 
household samp l e number s shown in Tabl e 1 . 
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TABLE 2 

Examp l e o f Matrix f or Cross Classif i cation 

Cars Own ed 
0 1 2 or more 

,-._ -<6 1 , 2 5 '-1-l l/l 6 - 9 8 9 13 ::2 -
Oo 9- 12 4 7, 18 14 , 15 uo 
7. 0 1 2- 1 5 19,20 16 , 17 --- :>15 11 ,1 2 3,6 , 10 .._, 

The mean of t he t rips fo r the households i n each cel l 
represented in the above matrix wou l d t hen be obtained 
and s hown in the table as below (Ta ble 3) . For 
example , t he mean trip rate fo r t wo or mo r e car 
households with incomes greater than $15 ,0 00 would be 
t he s um of 1 0 , 15 and 13 trips from Table 1 divide d by 
3 households or 12 . 7 t rips . 

TAB LE 3 

Example of Trips/Household for Cros s Classification 

Cars Owned 
0 1 2 or more 

,-._ 

<6 t..:.) (/) 3 . 0 s.o ~ - 6 - 9 4 . 0 6 .0 9 . 0 oo 
uo 9-1 2 5.0 7 . 5 10 . 5 7:o 12 - 15 8 . 5 11. 5 l-<V',-.._, 

>15 8 . 5 12 . 7 

Th e results of the ma t rix would next be plotted as shown 
i n Figur e 2. 

'•f 
.. 

' ~ -:., .. , 
.,.. ,_ __ 

e, ' -. 

. ~------ ~-_-::~~-(.-:., 
~~ ; ~ ,1 ' ~ 
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The data from the matrix i s fit with smooth curves 
which may be extended out past t he data points 
based upon the shape of the curves and logic . The 
curve values are then used to deve lop a completed 
matrix which is used for future trip fo r ecasts. 
An example of the app licat ion of th is type of cross 
classification matrix will he described in the last 
sect ion of thi s chapter. 

To illustr ate the procedure for deve loping land 
activity rates for non- resident i a l trip generation , 
the following example for shopping trip attractions 
is provided . Table 4 presents some data fo r 
s hop trips attracted to shopping sites along with 
othe r information on type of land us e. The trip data 
will come from the 0 - D s ur vey , perhaps in combination with 
informat ion fr om a s i te ana l ys i s on the two l argest shopp i ng 
centers, f or example. Supp l emental data sources or a site 
analysis would supply the employment information . 

TABLE 4 

Example Data fo r Rate Development 

Zone Location Retail Shop Trip 
Attractions 

1 CBD 3000 7200 
2 CBD 1400 2500 
3 Shop Cntr. 600 6000 
4 Shop Cntr . 200 1100 
5 Shop Cntr. 1400 14000 
6 Fringe Strip 250 900 
7 Fri nge Str ip 100 350 
8 Fringe Strip 75 200 
9 Local 15 50 

10 Local 25 70 
11 Local so 140 
12 Shop Cntr . 600 5500 
13 Shop Cntr . 1000 10 000 
14 Fringe St r ip 200 750 
15 Fringe Str ip 125 600 
16 Local 60 120 
17 Local 40 120 
18 Local 70 200 
19 Local 30 85 
20 Local 10 40 
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The tr ip rate for the CBD would be based upon summing 
the employees and the shop trip at tractions fo r 
zonEs 1 and 2 and div i ding the tr ips by the employees 
to develop the rate (9700 /4 400=2 . 20 trips/employee) . 
The resul ts of this ana l ysis would be : 

Location 
CBD 
Shop Center 
Fringe Str i p 
Local 

Shop trips / employee 
2.20 
9 . 7 9 
3. 73 
2 .75 

The above analysis does not have to be t ied to zon es as 
shown for the example, but in many cases zones may be t he 
mo s t logical s ummari za t ion areas . 

Applica tion of these t ype s of land activity rates 
wil l be illus tra t ed in the last s ect ion of this 
chapter . 

RESIDENTIAL TRIP GENERATIO~ PRODUCTIONS 

This section will describe the stratification 
suggested for residential trip genera t ion using 
the recommended cross classification ana l ys i s i n 
addition to pr ov id ing s ome samples from an operational 
study . 

It is suggested tha t the variables to be used for 
the residential trip generation be income and car 
ownership and that the trip rate be either person 
trips or au t o driver tr i ps per :1ou seho l d depending 
on the approach to transit planning utilized . 
For smaller cities under about 200 , 000 popu l ation 
or wher e there is very minor transit use currently 
and no appreciable gr owt h is expected, t he t rip 
ra t e may be au t o driver trips pe r household . The 
locat ion of "0-Car" households could then be ut ili zed 
to define a r eas of high transit potential . As 
descr i bed in the section "Forecasting ca r ownership", 
t he deve l opment of househo l ds with "O" cars is an 
integr al part of the recommended procedure . 

Tab le 5 shows t he suggested matr i x for trip pro­
ductions using the cross - c lassificat ion approach . 
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TABLE 5 

Matrix Suggested for Total Person Trip Productions 
Per Household 

Car Ownership Income Leve l 
(by autos) 1 2 3 4 5 6 7 

0 

1 

2 

3 or more 

The income levels are ranges of income, wh i ch may 
vary depending upon the area being studied . The 
standard census urban transportation planni ng package 
provides number of households stratified by car 
ownership (0, 1 , 2 , 3 or more ) and intorne (7) . The 
income ranges used are: under $2,000, 2- $4 , 000 , 
4-$6 , 000, 6 - $8 , 000, 8 - $10,000 , 10 - $12,000, 12- $15,000, 
15-$20,000 , 20 - $25 , 000 , and 25-$50,000 . 

In most areas another variable should also be considered 
and it is recommended that density be used since there 
is a trade-off between walk ing and vehicular trips when 
density increases which the analyst may wish to consider . 
One check to determine if additional stra tifica tion 
of the income variable shou l d be considered or other 
variables considered is to evaluate the s tandard 
deviat ions of the cel l trip rates. Where the deviation 
is high , additional stratification may be indicated. 
The ana l yst should es tabli s h evaluation cr i teria for 
determining when the standard deviation is too high and 
what actions should be taken. The types of variab l es to 
be added mi ght be residential densi t y 
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(dwelling units /acre), locat i on (cent r al city, near 
s ubur bs, fa r s uburbs) or persons/househo l d . 
In many ca s es just car ownership and income shou l d be 
sufficient . As a n example of c urve deve lopment, s ome 
sample data frc m Wichita Falls, Texas, population 100,000 
i s used i n the f urther explanation below (2 1 ) . The tr i p 
rates are s hown s trat ifjcd by income group range a nd 
autos owned in Table 6. The rates shown are based 
upon areawide origin-des tination data . 

TABLE 6 

Sample Trip Ra tes for Wich ita Falls , Texas (2 1) 

To tal Person Trips Per Household 
Autos Owned Average Rate 

Tncome Group 0 l 2 3+ Pe r lncome Group 

1 3.6 6 . 4 11. 6 17 . 7 6 . 4 
2 4 . 1 9 . 7 1 2. 9 18 . 5 l O. 8 
3 5.0 11.1 14.6 19 . 2 12.5 
4 5.4 11. 4 15 . 6 20 . 1 14 . 2 
s 5 . 3 12. 9 16 . 2 20 . 5 1 6 . l 

The income ranges util ized were: 

[ncome Group I ncome Range Range Mean for Plotting 

1 
2 
3 
4 
s 

$0-4999 
$5 , 000-6999 
$7,000 - 9999 
$10 , 000 - 14999 
$ 1 5 , 0 0 0 f1 Over 

$4,000 
$6,0 00 
$8,500 

$12,500 
$18,000 

The values f r om the matri x (Tab l e 6) s hou l d next be plo t ted 
and a smooth curve drawn th~ough the points as shown 
in Figure 3 . 
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The values from the curves would then be used to forecast 
by entering them a t a given income value (e . g . , average 
zonal income) with the number of dwelling units with 0 , 
1, 2, and 3 or more cars to develop the trip rates . Some 
may prefer to tabulate the curve values into a matrix before 
us e in forecasting . 

While trip generation relat i onships can be developed with­
out auto ownership estimates, it is a basic variable in 
t he recommended approach. This is suggested for several 
reasons, among them the bui l t-in sensitivity of the 
modelling approach to auto ownership saturation levels and 
the usefulness of auto ownersh i p for estimating transit 
usage . 

DEVELOPING THE TRIP PURPOSE MODIL 

The trip purpose stratifications are usually dictated by 
the trip distribution and modal split models utilized . 
For internal area travel, the choice of purpose wil l 
vary somewhat by size of area. The larger studies will 
usually consider 5 purposes: home based work, home based 
shop, home based school, home based other and non - home 
based. Taxi and truck trips must also be handled and 
will be discussed in Chap t er IV. Some of the larger 
studies have also broken out social-recreational 
trave l from the "o ther" category and some have separated 
shopping trips into "convenience" shopping trips and 
" other" shopping trips. This is usually done for trip 
distribution purposes in an attempt to come closer to the 
basic trip distribution characteristics . In small er 
urban areas (under 100 , 000 popu l at i on) t hree trip 
categories have been used successfully: (1) home based 
work ( 2) home based other and (3 ) n on-hom e based . 
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The non-home based trip pur pose in the household 
trip generat ion production is used as a control on 
total areawide trips produced. The zonal non-home 
based productions and attractions us e d for the trip 
di s tribution model input are a l located to the proper 
zones by using the indices developed in the trip 
attraction model (see page 40). 

For the Wich i ta Falls , Texas , example used previously, 
the t hree purpose model is used . The data ar e shown 
in Table 7 . (21) 

TABLE 7 
Percent Tr~p Distribut ion by Purpose 
Wichita Falls Urban Transportation Study (2 1 ) 

Percent __ Distribution by Pur2ose 
Income Group % % % 

HBW HBNW NHB 

1 21 55 24 
2 18 57 25 
3 16 59 25 
4 14 60 26 
5 14 59 27 

The number of income groups may vary by city depending 
upon the range in trip rates and income. The income 
grouping shown above i s only one exampl e of a possible 
stratif ication for income. These data a re obtained 
from the most recent O-D study . Small sample surveys 
should provide s ufficient inf ormation for deve lop ing 
this type of distribution . The distribution is developed 
by accumulating the number of survey trips for each 
purpose within each income group and finding the 
percentage of the total tr ips each purpose constitutes 
within the income group . The distribution can then 
be plotted as shown in Figure 4. 
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As an alternate approach, where survey data are not 
available, the trip purpose stratificat i on can be 
synthesized by using data from a study of similar 
character and size. The example, Figure 4, shows little change 
in the percentage distribution of trips by purpose as 
re l ated to income. In larger cit ies the differences 
are greater . As an alternate , some studies have 
utilized car ownership a s the variable for the purpose 
stratif ication . An example of the use of car owner -
ship and the resulting distribu t ion is s hown in Figure S. 

,,, 
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" .. 
2 
0 
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(.) 
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50 

25 

0 
0 

CARS 

t◄ WORK 

~ NH8 
;;;?: ~◄ SCHOOL 

H SHOP 

I 
CAR 

2 . 
CARS 

FIGURE 5 EXAM PLE OF PURPOSE STRATIFICATION BY CAR OWNERSHIP 

DEVELOPING A MODE CHOICE MODEL 

As mentioned previously, the type of trips to for ecast 
(i.e., purpos e, mode) is primarily related to the 
objectives and requirements of the study, the s i ze 
of the area invol ved and the type of models to be 
utilized. When considering mode choice ana l ysis 
and the i mplications rela tive to trip generation, 
the bas i c decision is whe ther mode choic e is accompl i sh­
ed before or after trip d istr i bution . Someti~es, in 
small areas where trans i t use is a very small portion 
of total travel and is expected to remain so into 
the f uture , auto trips are directly estimated i n the 
trip generation phase. 

In at leas t the smaller urban areas (unde r about 
250 , 00 0 population) long range transit planni ng 
shou l d probab ly be deemphasized in favor of short 
range study (e . g . 1 - 5 ye a rs ) . This shorter range 
planning i s also a necessary component of transportation 
planning in all urbanized areas (8 J. This short 
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range planning is heavily oriented toward the transportation 
disadvantaged generally comprised of the young, the old, the 
poor, and the handicapped. Much of the data collected for trip 
generation model development is useful for measuring travel 
demand for short- range transit planning , although it must be 
s uppl emented. A suggested procedure (8) consists of: (1), 
iso l ating places of high transit trip production potential by 
identifying areas having a high percentage of dwelling units 
at l ow income and/or low auto ownership and from a knowledge of 
the area locating concentrations of the young, the old, the poor, 
and the handicapped; (2), estimating the latent demand from 
these areas through subjective analysis of areas with high attrac­
tion potential or t hrough a latent demand survey; and (3), the 
results of the above 2 items woul d be used to estimate a total 
trave l demand based upon system improvements or changes . The 
types of systems for transit that might be evaluated include 
standard buses, taxicabs, jitneys, "dial-a- ride" bus systems, 
cooperatively- owned vehicles, rental vehicles, and carpools. 

In l on g- range forecasting, for all but the smallest areas after 
person trip ends have been forecast, the proportion of future 
travel by trans i t is estimated by modal split procedures e i t her 
before or after tri ps are distributed. A di agram depicting 
these two possibilities is shown in Figure 6 . Additional i nfor­
mation on long-range transit planning and modal choice pro-
cedures for larger areas can be found in references 30, 31 , and 32. 

In smal ler urban areas, the emphasis in long-range pl anning _should 
be on assessing the impact of various transit alternati ves on 
the highway plan , rather than actually devel oping a l ong- r ange 
transit pl an . Tr ansit for smal l er areas is f l exibl e, e . g. , buses, 
and planning is normal ly not necessary for more than a few years 
i n the future . 

TRIP 
GENERATION 

PERSON TRIP CNDS 

TRANSIT 
TRIP 

ENDS 

TRANSIT TRIP 
DISTRIBUTION 

MODAL 
SPLI T 

NON TRANSIT 
TRIP 
ENDS 

NONTRANSIT TRIP 
DISTRI BUTION 

TRI P 
GENERATION 

PERSON TRIP ENDS 

TRIP 
DISTRIBUTION 

TRIP MOVEMENTS 

I --~1 MODAL ~-~ 
. SPLIT . 

TRANSIT 
TRIPS 

NONT RANSIT 
TRIPS 

FIGURE 6. LOCATION OF MODAL CHOICE WITH RESPECT TO TRIP 
GEN ERATION ANALYSIS IN THE TRANSPORTATION PLANNING PROCESS 
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One suggested appro ach woul d be t o develop work- t rip modal 
choice and auto occupancy models for long- and short-range 
highway planning . For those areas needing a modal split 
model, a simple work-trip choice model has been developed based 
on the 1969-70 Nationwide Personal Transportation Study data 
by the Urban Mass Transportation Administration . Direct 
generation (cross-classif ication) would be accomplis hed for 
short- range estimates of non-work transit and auto trips. 
This could be done with s epara te t rans it and au to model s or 
with a modal split procedure which "fits" with the other 
phas es of trip genera tion and uses person trip productions 
as input. In t he latter case, trips would be stratified by 
transit and by automobile based upon trip purpose and house­
hold income from the 0 - D survey . Table 8 is an example of 
the resulting cross-classification matrix. 

TABLE 8 

Illustration of Matr i x fo r Percent Trans it Trips 

Percent Tr a nsi t Tr i ps 

I ncome Level -
I 

Purpose 1 2 3 4 s 6 7 

HB Sc hool 

HB Shop . 
HB Ot he r 

N- HB 

For ea c h c e ll , the total trips and trans i t trips 
would be accumula t ed a nd t he per cen t t ransi t t rips 
deve looed based upon the t ota l t rips . 
A graph woul d then be deve loped f or each purpose by 
p l otting the cel l percentages a s shown i n the examp l e 
i n Figure 7 . 
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HOME BASED SHOP 

HOME BASED OTHER 
NON HOME BASED 

FIGURE 7 ILLUS TR A T!ON OF CURVES FOR PERCENT TRA'ISIT TRI PS 
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The approach taken in the Wichita Falls study was to 
develop two purpose distribution models (person and auto 
dr iver) as illustrated in Figure 8. (2 1) This a llows a 
total contro l on person trips with a direct estimation of 
auto driver tr ips which are t he mos t signi fican t in smaller 
cities. A car occupancy r a te can be applied to the auto 
driver trips and the results subtracted from person trips to 
produce an estimate of mass t ransportation travel. 
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An alternative to the above is to develop transit and 
auto use based upon a car ownership strati fication . 
An example matrix is shown as Table 9 . This data 
could be conver t ed to percentage trans it and plotted as 
a ser ies of curves by purpo se . 

FORECASTING CAR OWNERSHIP 

Mo s t of the process described thus far relies 
hEavily up on income as a predictive var iable . Car 
ownership i s highly corr e lated to inc ome but is 
inc luded in the process as a basic factor . This 
i s based upon the usefulness of car ownership for 
modal choice mode l s , the need to consider auto 
ownership saturation levels in the planning process, 
and t he high elasticity in vehicle purchasing and 
travel with respect to income . The trip generation 
procedure recommended , is therefore , a two step process 
based upon a car ownership relationship with income 
and a trip relationship with income and car ownership . 

The variable considered in this process f or predicting 
car ownership is again income which is the key variable 
throughout this procedure .* The same s tratification 
for income used for the trip rate curves, trip 
purpose , and mode forecast i ng should be used here . 
An example cross cla ssification table to be es tablished 
i s shown in Tab l e 10 . Within income group and auto 
ownership class , the number of total households 
would be a ccumulated . The percent each cel l is of 
total households within an income clas s would then 
be computed. 

TABLE 10 

Example of Cross Classification Matrix for Car Ownership 

Autos Owned I 

I 
Income Group 0.. • J. 

oos~r~ J I obsel-~ 1oos~r- I OD$er -
v at1on s ! "1B.t1onE % v at1on % • v at ions %1 - --, -1 -

1 I I 
I 

2 l 
I 

' 
3 l I I I 

4 i I 

' s ! ! 

. 6 i I I 
I 

7 
I ----

* See Appendix A for a discussion on income forecasting . 
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·~ 
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I 

Purpose 

Home to Work 

Horne t o School 

Home to Shop 

Home to Other 

Non Home Based 

TOTAL 

TABLE 9 

Mode Choice Es timating - Illustration Using 
Car Ownership 

Level of Vehicle Ownership of Households 
0 1 l 

I 

Total Public Private To tal Public Private Total 

-

! 

! i 

- - ---------- - - - - - -

I 

2 
Public i Private 

I 
! 



The data in the t ab l e would then be p l otted . An example of 
a completed table is shown as Table 11 for Wichita Falls, 
Texas. 

Data fo r the car owners hip model is available from most 
origin des t ination surveys . The 1970 Census Urban Tr ansportation 
Pl ann i n g Package al s o provides t he necessary data t o complete t he 
above . Curves have been developed from t he census package fo r 
a numbe r of areas . Generally the findings of the plots indicate 
that the shape of the curves is ra t her constant across the 
country . Two exampl es , one for Great Fa l ls , ~lontana and the 
other for Providence , Rhode Island are shown in Figure 9 . 
Additional curves are shown in Appendix B. When plotting the 
data and deve l oping curves for car ownership , care should be 
taken t hat the s umma tion of percent househo l ds at each income 
s hould add to one-hundr ed percent . 

The example for Prov idence tends to i ndicate a level i ng out of 
0 aut o households c l ose to 1% . One auto househo l ds at about 
23%, 2 auto households at about 53% and 3 or more auto households 
at 22%. If the assumption is made that the 3 or more category 
averages about 3 . 3 autos per household, the ownership level for 
the l eve l ing out po i nt can be calculated as (0 . 23 xl + 0.55 x 2 + 
0 . 22 x 3. 1) or 2 . 02 cars per household . Should ave r age car 
ownershi p values be required for a p l ann ing purpose , the curves 
plot t ed can be converted as shown i n the deve l opment of the 2 . 02 
value for Providence . The average car ownership curve , pl otted by 
income group, for Pr ovi dence is shown in Figure 10 . 
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L,,l 

--..J 

Income 
Group 

1 

2 

3 

4 

5 

0 
Obs . % --

104 32 . 1 

2 0 . 7 

9 2 . 1 

7 1. 5 

1 0 . 9 

TABLE 11 

Exampl e for Wichita Falls, Texas 

llousehold Obse r va tions by Autos Owned(21) 

Autos Owned 
1 2 3+ 

' 
Total 

Obs . % Ob s . % Obs . % Households - - -- - - - -

169 52 . 1 44 13 . 6 7 2 . 2 324 

183 68 . 0 77 28 . 7 7 2 . 6 269 

246 58 . 6 153 36 .4 12 2 . 9 4 20 

188 39 . 3 241 50 . 4 42 8 . 8 478 
I 

32 28 . 0 
I 

58 50 . 9 23 20.2 114 

Average 
Autos Pe r 

Ilous ehold 

0 . 86 

1. 33 

1. 40 

1 . 67 

1. 90 



Although genera l ly not necessary , some may wish to f urther 
s t rat ify t he car owners hip re l a t ionships based upon ot her 
variab le (s) i n additi on to income . Some o ther v ariables 
which have been used a re density of deve l opment and per sons 
per household . Both affec t car ownersh ip and do expla i n 
additiona l varia tion . Density may be s t r atified int o a 
number of r ange s as s hown below. 

Low densi t y 
Medium dens i t y 
High density 

0-19 persons per acre 
20-39 persons per acre 

40 + persons per acre 

The above range values are for illustrat i ve purposes only . 
The selection of ranges for low , medium and high density may 
vary by urbanized area . General l y it will be found t hat for 
a specific income l evel, vehicle ownership decr eases wi t h 
i ncreas i ng dens i ty . 

The Char lotte-Mecklenbur g Transportat ion Study (_North_ Carol i na) 
u t ilized income and persons per household in their car owner ­
s h ip mode l. The results are s hown in Figure 11 

FORECASTING INCOME 

A key variable in the sugges ted procedure for t rip generation 
is i nc ome . In many i ns t ances i ncome is provided to the 
t r~nsportation planner by land use p lanning pe r sonnel . There 
may he i nstances , however, where an approach to forecasting 
income i n the form required for tra nsportation plann i ng is 
required . A procedure is described in Appendix A for develop­
ing i ncome forecas t s by zone . 

The procedure described is based upon an examinat i on of income 
distributions for several past years on a cons t ant dollar base . 
The technique a llows f or the ext r apolat ion of the historical 
income dis t ributions t o t he fo r e cast year based upon the 
knowledge tha t t he proportion of famil i es i n the lower i ncome 
ranges i s decreasing and that the proportion of families in 
the higher income ranges is increasing . The pr ocedure is 
iterative in nature , r e quiring t he app l ication of different ial 
gr owth f actor s t o income ranges and the subsequent p l ot t ing 
of the result i ng distribution to determine if the distribution 
appears to "fit" the historical changes in the income 
distribution . 

A number of s ources are available for f uture i ncome forecasts , 
income distribution data and consumer pr i ce index information . 
These sources as well as detai l s of the procedure , including 
examples, are contained i n t he appendix . 
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NON -RESIDENTIAL TRIP GE~ERJ\TIO~-ATTRACTIONS 

The previous sections of this chapter have described a 
residential trip genera tion procedure for estimating trip 
productions by purpose . In this section approaches to trip 
attraction estimating will be de scr i bed . Basically, trip 
a ttraction is related to non - residential land use for most 
trip purposes . For example, home hased shopping trip 
attractions are to locations where goods are sold-basically 
commercial areas . There may be some few shopp i ng trips to 
residential land , but not an amount worth considering. On 
the other hand, "home based other" t rips usually include 
trips fo r social-rec r eational purposes and by their nat ure 
include travel to residenti al land . Likewis e, non-home based 
attractions would have some residential assoc iation . 

For tr ip dis tribution purposes, trip production and trip 
a ttraction es timates should have an areawide balance by 
purpose . For each home-based purpose the areawide summation 
of attractions should equa l the area-wide summation of 
productions as estimated by the tri p generation models . If 
production and attraction areawide summations are not in 
agreement the trip production estimates are taken as the 
control since characteristics of t he home such as car owner ­
ship and population generally more adequately reflect 
changing travel characteristics t han do non-residential 
variables . However, where the difference is significant it 
is important to re-e val uate the attraction procedures being 
used to determine if there will be perhaps s hi fts in trip 
purposes, shifts between trave l to areas (i.e., CBD versus 
suburbs) or changes in the intens ity of travel.* Once this is 
done and the planner is satisfied with the distribution of 
attractions by purpose and area , the zonal attractions are 
used as an index to distribute t he tr ip productions developed 
at the household l evel . 

Trip attractions have been handled in several ways, including 
zonal regression , land area trip rates or cross classi f ication 
analysis . A simplified approach i s suggested based upon 
the deve lopment of trip rates within a matrix . Reference 
should be made to Table 12 for a suggested ma t rix for the 
rate development. The procedure re f l ec t s the character, 
location and intensity of land use. The character is refl ected 
by the land use categor i es used (residential, retail, etc.). 

*See al so page 57, " Controls". 
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TABLE 12 
Exampl e of Procedure for Trip At traction Estimates 

Person Trip At trac tions* 

i Trips Per Employee I 
I I 
: ! 

i 
I 
I Retail I 

Trip Trip s Per Non I Shop High 
Purpose Household Retai l 1 CBD Center Other Univ . School Other 

Home Based 
Work - - 1. 70 1. 70 1 . 70 1. 7 0 - - - - - -

I 

Home Based ! 

Shop - - I - - 12. 00 9 . 00 4.00 - - - - - -I 

I 
! ' I 

I --
I 

Home Based ' I I 
School - - - - - - - - I 0 • 90 1. 60 1. 20 

I 

; 

Home Based I 
Other 0 . 70 0.60 1.10 4 . 00 2.30 - - - - - -

I 

I 

' Non - Home I 
l ' 

Based** 0 . 30 0 . 40 1.00 4 . 60 2 . 30 - - - - I - -

I ' 

* Illustration data only- not to be used directly . 
** Non-Home Based Productions an<l Attractions have same rate and are used 

to allocate to zones the areawide control total developed in the tr i p 
produc t ion model. 



Location considers the spatial distribution of the l and and in 
this procedure is represented by CBD , shopping centers, 
etc . The intensity of the land use i s reflected by 
the activity as measured by number of employees, 
students or household$ . 

for the matrix r epresented in Table 12, the tr i p rate 
is based upon employees by type and/or location, number 
of students by t ype , and number of dwelling unit s 
depending upon the purpose of the trip . To deve l op the 
trip attract ion rates, origin-destination survey trips 
are accumulated according to l and use at the attract ion 
end of the trip for each trip purpose . Usual l y , large 
shopping centers are coded as separate zones to al low 
the trip accumulation as shown in Table 12. To strat ify 
the school t r ips by type of school , the a ge of the student 
can be used if other data in the survey does not allow 
the stratification . Trips for the entire area are 
accumulated within the matrix shown. To obtain the trip 
rate per dwe l ling unit for "home based other" trips as 
an example , the tr i ps wi th in the cel l are div ided by 
total areawide dwelling unit s . To obtain the rate for 
the cell '1 home based work-non retail", the trips 
accumulated are divided by total areawide non-retail 
emp loyment . 

As has been previously discussed, th ere are often 
special trip generators that compr ise land uses which 
are unique and do not show the same tr ip attraction 
characteristics that are typical with in the study area. 
For these cases , it may be desirable to conduct special 
generator studies to develop a tr ip rate tha t is 
characteristic of t he special activity. This would 
involve special traffic counts and an i nventory of some 
measure of the activity (i. e . , number of enplaned 
passengers f or an airport , or number of beds for a 
hospital , etc . ) . Various rates have heen compiled from 
studies such as these around the country and might be a 
good source for 11 a first cut" or "borrowed" rates (1 , 2 , 16). 

The procedure described above is based upon rates per 
employee, per student and per household. There has been 
app l ication of similar procedures based upon r ates per 
acre or square foo t of land use such as the number of 
shopping trips per square foot of commercial area . 
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A procedure very s i milar to that described above was 
uti l iz ed by the Metropolitan Washington (DC ) Council 
of Governments and i s descr i bed he r e for illustrative 
purposes (Reference 22) . The tri p rat es shown in Tabl e 13 
are based upon emp l oyees and dwelling units depending on 
whether the land us e is non - residentia l or residentia l . 
School trip s are not shown in the table . The non­
residential a ttrac t ions are based on a land us e 
stra t ification (indu s t rial, office , etc . ) and on 
location with i n the a r ea (core, f ringe , suburb , 
Silver Spring , etc .). Care must be used i n applying 
rates deve l oped as shown to some fu ture l and use 
projection since competition between areas and the 
development of add i tiona l facilities may shift the 
compet i veness between areas . For example, the 
building of a new suburban shopping area which may 
draw from current use of Si l ver Spring may reduce the 
t r ip rate pe r empl oyee in Silver Spr ing . 

TABLE 13 

Example of Trip Attraction Procedure fo r Metropol itan 
Washington Counci l of Governments (22) 

Non-Residential (TRI PS/EMPLOYEE) 
LU 
Other 
Industr i al 
Inst i t ut i onal 
Office-Core (R ing 0&l) 

Fringe (Ring 2) 
Sub (Ri ng 3-7 ) 

Shopping-Re t ai l Core 
Fringe DC 
DC Non Core 
Ar l ington -Al ex . 
Si l ve r Spring 
Alexandria 
Suburban 

Residential (TRIPS/HH) 
Co r e 
Rema i nder 
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IIB 
WORK 
1. 7 8 
1. 62 
1. 20 
1. 60 
1. 63 
1. 7 4 
1. 68 
1. 68 
1. 68 
1. 68 
1. 68 
1. 68 
1. 68 

0 . 66 
0 . 06 

HB 
SHOP 

0 
0 
0 
0 
0 
0 

2. 00 
0. 39 
2 . 54 
4 . 72 
3. 85 
4. 50 
8 . 99 

0 
0 

IIB 
OTHER 

5 . 87 
0 .45 
1 . 43 
0 .15 
0 . 22 
0 . 45 
1. 17 
2 .33 
2 . 23 
3 . 82 
2 . 52 
2 . 43 
4 . 34 

1. 08 
0 . 57 

NHB 
ATTR 

. 90 
0 .34 

.3 5 
0 .13 
0 .2 3 
0 .3 0 
1.05 
1. 26 
1. 86 
3 .46 
2 .34 
2 . 64 
4 .59 

0 .4 2 
0 .23 



APPLICATION OF SIMPLIFIED PROCEDURE 

The previous sections have described in detail the develop ­
ment of a recommended trip generation procedure including 
the development of relationships between car ownership and 
income, trips and income and car ownership, and between 
t rip purpose and income. This section will provide an 
illustrat i on of the application of the procedure t o some 
hypothetical data. 

The residential trip generation estimation procedure is 
based upon a process that is summarized in Figure 12. It 
is pertinent to an understanding to step through the 
fo l lowing example descr ibing application of t he process . 

The data contained in the example has been prepared to 
illustrate the approach and as can be seen is not represent­
ative of the type of land use mixes normally found in a 
zone . 

Given : 

Zone 26: 

Total Number of Dwell ing Units = 

Zona l Average Income/Dwelling Unit* = 

Solution : 

1, 000 

$12 , 000 

1 - Enter Curve A (Figure 12) with zonal income/dwell­
ing unit to de termine car ownership l evel by 
household 

2% II O fl auto households = 20 Dwel l ing Units 

32% II 111 auto households = 320 Dwelling Units 

52% " 2 !I auto households = 520 Dwelling Units 

14% !I 3" auto househo l ds = 140 Dwell ing Units 

1,000 

*Asa be t ter alternative, percent households in the zone by 
income category (e.g., low, medium, high) , given the zonal 
average income, could be estimated. Each step in the example 
would then involve multiple ca l culations , one pass through the 
s tep for each income category . Published 1970 Census reports 
are a good source for this information. See Appendix A for 
more de tail . 
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CURVE A. PERCENT DWELLING UNITS BY INCOME & CAR 
OWNERSHIP DISTRIBUTION . 

(/) 
C, 
z 
::J 
...J 
w 
~ 
0 
u.. 
0 
f­
z 
w 
(.) 
a: 
w 
11. 

2 AUTOS 

1 AUTO 

3 OR+AUTOS 

2 ~:=:_:=--=:..-=-=.=-:~:!::::===== 0 AUTOS 
12,000 

INCOME ($) 

INPUT: DWELLING 
UNITS AND INCOME 

ENTER OURVE WITH INCOME TO 
DETERMINE PERCENT OF DWELLING 
UNITS WITH 0, 1,2 3 OR MORE 

i.-----a,,i AUTOS. MULTIPLY BY NUMBER 
OF DWELLING UNI rs TO OBTAIN 
NUMBER OF HOUSEHOLDS BY 
OWNERSHIP CLASS. 

DATA FOR CURVES FROM 0-0 SURVEY, CENSUS STANDARD 
TRANSPORTATION PACKAGE OR " BORROWED" 
1SEE APPENDIX B). 

CURVE B. TRIPS PER DWELLING UNIT BY INCOME & CAR 
OWNERSHIP. 

a: 
~ t= 1 7 .2 
(f)Z 
11. :::> 
a: C, 
f- z 
z::J 
Q...J 
(/) w 
a:~ 5.5 
W O 
11. 

1 AUTO 

• _:=..;::.,,..L---- 0 AUTOS 

12,000 
INCOME($) 

DATA FOR CURVES FRO M 0-0 SURVEY OR '"BORROWED': 

CURVE C. PERCENT TRIPS BY INCOME & TRIP PURPOSE 
DISTRIBUTION . 

~ 34 
a: 
f-
u. 
O 22 
1- 19 
z 14 g 1 1 i.----
w 
11. 

12,000 

INCOME$ 

DATA FOR CURVES FROM 0 -D SURVEY. 

ENTER CURVE WITH INCOME AND 
NUMBER OF DWELLING UNITS 
WITH 0 .1 2. & 3 OR MORE 
AUTOS TO DETERMINE THE PERSON 

i.-------1~ TRIP RATE PER DWELLING UNIT. 
MULTIPLY THE RATE BY NUMBER 
OF HOUSEHOLDS TO OBTAIN 
TRIPS PRODUCED. 

ENTER CURVE WITH INCOME AND 
DETERMINE % OF TRIPS BY 
PURPOSE. MULTIPLY BY TRIPS 

~---.! PRODUCED AS CALCULATED 
ABOVE TO OBTAIN TRIPS 
PRODUCED BY 1--'URPOSE . 

OUTPUT: TRIP PRODUCTIONS 
BY PURPOSE 

FIGURE 1 2. EXAMPLE OF URBAN TRIP PRODUCTION PROCEDURE. 
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2 - Enter Curve B (Figure 12 ) with income, to de t ermine 
the total production f rom each household - Person 
Trips. 

Trips from "0 11 auto household= 5.5 trips/DU x 
20 DU= ll 0 trips 

Trips from "l" auto household= 12 . 0 trips/DU x 
320 DU=3840 trips 

Trips from "2" auto households= 15 . 5 trips/ DU x 
520 DU=8060 trips 

Trips from "3" auto households= 17 . 2 trips/DU x 
140 DU=2408 trips 

Total trips 14,418 

Average trip s/DU = 14.4 

3 - Enter Curve C (F igure 12 ) with income to determine 
the trips produced by purpose . 

Home to Work trips = 19 % X 14 , 418 = 2739 trips 

Home to Shop trips = 11% X 14 ,418 = 1586 trips 

Home to School trips = 14% X 14 , 418 = 2018 trips 

Home to Other trips = 34 % X 14 , 418 = 4903 trips 

Non-Home Baser!_ = 22 % X 14 , 418 = 317 2 trips 

14,418" trips 

The approach t o trip attraction deve l opment can be 
visualized by reviewi ng Table 1 2 on page 41 . For each 
tr ip purpose (home based work, s hop, scho ol, a nd other, 
and non -home based) r ates are deve loped based upon type 
of land use and the most appropriate denominator f or the 
rate (i . e., number of·students for the schoo l trip rate 
and emp loyment for the work trip rate) . Again, the 
exampl e is based upon hypothe tical data which does not 
necess a rily reflec t real mi xes of l and use . 
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Given : 

~umbe r of dwelling units = 3,000 

High School Students = 800 

Elementary School Students = 1,800 

Shopping Center Retail Emp l oyees = 200 

Othe r Retail Employees = 100 

Non Retail Employees = SO 

Total Attractions = 11,465 

So lution: 

The trip a tt rac tion rates would be obtained from 
Table 12 and multiplied by t he above as follows : 

Home Based Work Attractions = 
1. 7 x (Total Zonal Employees) 

= 1 . 7(350 ) = 595 

Home Based Shop Attrac t ions= 
2. 00 x (CBD Retai l Employees) + 
9 . 00 x (Shopp ing Ce nter Retail Employees) + 
4 . 00 x (Other Retail Employees) 

= 2. 00(0) = 9 . 00(200) + 4 . 00(100) = 2200 

Home Based School Att ractions= 
0.90 x (University Students) + 
1 . 60 x (High School Students) + 
1.20 x (Other School Student s) 

= 0 . 90(0) + 1 . 60(800) + 1 . 20( 1800) = 3440 

Home Based Other Attractions= 
0. 70 x (Number o f Households) + 
0.60 x (Non Retail Employees) + 
1. 10 x (CBD Retai l Employees) + 
4 . 00 x (Shopping Center Retail Employees) + 
2 . 30 x (O ther Retail Emp loyees) 

= 0 . 7(300 0) + 0 .60( 50 ) + 1. 00(0) + 4 .0 0(200) 
+ 23( 100) = 3160 
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Non Home Based Attractions = 
0.30 x (Number of Households) + 
0.40 x (Non Retail Employees ) + 

1 . 00 x (C BD Retail Employees) + 
4.60 x (Shopping Cente r Re tail Employees) + 
2.30 x (Other Retai l Employees) 

= 0 . 30(3000) + 0.40(50) + 1 . 00(0) 
+ 4 . 60 ( 20 0) + 23 (1 00) = 2070 

Total Attractions= 11, 465 

The purpose of this chapter was to explain in detail 
the simplified a pproach to trip generat i on recommended . 
The procedure is based upon the use of logic and 
judgment without a gr eat i nvolvemen t in stati s t ical 
measures being necessary. The procedur e allows intro ­
duction of policy and judgmenta l factors such as 
household size and car ownership sa t ur ation levels. 
There are a number of computer programs avai l ab le for 
deve loping and app lying cross c la ss i ficatio n matr i ces . 
These programs a re described elsewhere (14) . 

The remaini ng chapters of th is document wil l cover the 
evaluation of trip generation results, additional 
considerations s uch as t he handling of external trips 
a nd truck and t ax i forecasting, monitor i ng and surveil ­
lance for trip generatioo . 
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CHAPTER III 
EVALUATION OF TRIP GENERATIO~ RESULTS 

If handled with care, cross classification derives its 
basic strength from t he need to maximize logical 
structuring of the variables . It is basically a 
common sense approach which mi nim i zes the amount of 
statistical evaluation required. There are some 
applicable statist i ca l evaluation meas ures but not 
as many as with a regression approach . Th i s chapter 
wi ll discuss statistical as we l l as reasonableness 
checks for trip generation and provide some factors to 
cons i der in analysis . 

REASO ABLENESS CHECKS 

The design of the cross classification matr ix is based 
upon the choice of independent variables on wh ich to 
stratify the trip rate and the ca tegori es chosen to 
stratify the variables . For the choice of variables 
it is recommended t hat the chosen trip rate (i.e., trips 
per dwelling unit) be plotted against the possible 
choices for stratify ing the trip rate in the cross 
classifica t ion matrix to develop a " feel" fo r th<' data 
and relat i onships at hand. While p l ots of the data are 
extremely useful, t hey are only two dimensional . 
Because of this too much reliance should not be placed 
on the scatter diagram alone since the relationships 
may change when a th ird variable is added . Re gression 
and corre l ation also can provide use ful i nforma tion to 
assist in the choosing of stratifying variables for the 
cross classification matrix . A simple correlation 
matrix will provide the interrelationships between the 
trip rate and possible s trat ifying vari ab les. The 
coefficient of simple correlation (r) is a measure of 
association between two variables and the matrix gives 
the correlation coefficients for al l possible pairs 
of variables (3). An examination of this matrix 

wi 11 provide informat ion a bout re la ti onsh ips be tween the 
independent and dependent variables. Strong rela tion ­
ships may then be evaluated for l ogic . Although the 
above tools are important, variables which appear to be 
the most logica lly related to the trip ra te variable 
should receive the most attention. Vari~.bles which reflec t 
a causal re lationship which has some likl ihood of 
remaining stable over time should receive the highest 
priority. 
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Some rules of thumb may be cons idered in the development 
o f the cross classi f ication matr ix . The numbe r of 
observations f or any "cel l " of the matrix should be 
large enough s o that the mean ra t e developed f or the ce ll 
can be reflect ive of travel for futur e applicat i on. It 
is sugges t ed tha t at least twenty-five observations be 
accumulated in each cell . Where there are le ss obse rva­
t ions, cons id e ration should be given to combining the 
cell with another. Another solution for too few 
sample s in a ce ll would be to ignore the c e ll when 
plotting r esults of th e cross c l ass i fica tion and then 
us i ng the value from the smoothed cur ve . Secondly, the cell 
value s should not have too wide a dispers ion a s reflected 
by ~he standard deviation o f the observations about 
t heir mean . The analys t should establ i sh criteria for 
evalua ting th is dispersion . Where many cells of the 
chosen cros s classi f i cation matr ix have a large standard 
deviation, conside r ation should be given t o either 
stratifying on an additional variable or re- evaluating 
the initial choice of variabl es. Where only a fe w of the 
ce lls of a matrix have a large standard deviation as a 
percent of the me an, the ranges establ ished should be 
re -evaluated to dete rmine if new ranges should be used 
or if certain cells s hould be subd i v ided. For example , 
if a ma trix utilizes inc ome s trati f i ed in t o $4000 
increment s (i . e ., 0 - $4000, 4 - $8000, 8-$ 12, 000, etc. ) 
and results in a high s tanda rd dev iation in the trip 
r at c s ,then perhaps a stratification on $2000 income 
increments s houl d be tested ( i. e . , 0-$200 0, 2-$ 4000 , e tcJ 
In addi t ion to the standard deviation which is automatical­
ly determined by p r og rams such as XCLASS , it may be 
ap propriate to evaluate the s hape of a ce lls distr i buti on 
whe re high s tandard deviations a re found . Such an 
evaluation can be accomplished manually. For cel ls that 
r equire evaluation the f requency distribution of values 
would be pl otted as shown in Figure 13 . The l eft curve 
shows a normal d istribut i on. Where the standard deviation 
is within abo ut the es tablished percentage of the mean 
no fur ther eva luation is warr anted. Where the value i s 
out side the establi shed per centage of the mean, and t h e 
othe r cell s are generally within t he guidel ines then 
cons ideration s hould be given to further stratif ication 
of the column or row containi ng the cell in quest ion . If 
a " s kewed" distribution is found as shown in the right 
ha lf of Fi gure 13, consideration should be given to a 
further stratif icat ion or redef ining of the r anges 
established f or the ma trix variables . 
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FIGURE 13 ILLUSTRATION OF THE SHAPE OF DISTRIBUTIONS FOR CROSS CLASSIFICATION 
CELL VALUES 

The values accumulated in t he cells of a cross clas si ­
f i cat ion matrix should always be plot t ed . The pur pose 
of the plots is thr ee fo l d . First , such _~ plot will 
indicate if t he results of the ma t rix design a r c l og i ca l 
For example , if a pl ot shows a number of dips and rises 
rather t han a smoo t her functiona l relationship , further 
investigation s hou l d be made of ranges es tablished and 
the dis t ribution of values within the cells . Secondly , 
i f a very flat r elationship is fo und showing li tt l e 
variation in the tri p rate wi t h t he ma trix value, then 
consideration should be g iven to use of an alterna te 
mat r ix - strati fy ing variable. Thirdly, if the curve shows 
a relationship contrary to log i c , such as trips per 
dwe ll i ng unit decreasing wi th increasing car ownership, 
then considerat ion should be given to further evaluation 
of the source data for accura cy and s oundness. 

Al t hough the cross classifica t ion approach sugges t ed is 
basically a household leve l analys i s on the residentia l 
end and a "site" ana lys i s at the non - r es ident i al end , the 
app lication of t he process is usually at the zona l l evel 
in which the pertinent l and use and s ocio-econom ic data 
arc a ccumulated . This is based upon fur t her application 
of the trips generated i n t rip distribution and assign­
ment mode ls. As a "reasonableness" c heck , the trip 
generat i on relationship developed should be applied to 
"base" year data to develop zonal tr i p produ c t ions and 
attract i ons . These may then be compared to ''actual'' 
base year productions and attraction s fro m the 0-D s urveys . 
A plot of observed against estimated va lues wi ll be 
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useful in this evaluati on . This t oo l, while rarely 
used, is an excel l ent means of l ocating analysis areas 
which exhibit unique characteristics . An example of 
such a plot is shown in Figure 14 , Analysis areas 
represented by data points fa l ling well away from the 
11 45 -degree line" may be located on a map of the study 
area and examined for unique characteristics or geo­
graphical bias . This t ype of plot is suggested for all 
of t he matrices developed including trip productions , 
trip att r actions, car ownership, and purpose stratifica­
tions. 
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FIGURE 14 PLOT OF OBSERVED VS. ESTIMATED VALUES OF THE 
DEPENDENT VARIABLE-·TOTAL TRIP PRODUCTION BY ZONE 

The resul t s of applying the cross classi f ication matrix 
approach can be improved if unique traffic generators 
are removed from the matrix . A major shopping center 
or an air terminal are typical examples which may 
warrant del etion from the clas sification analysis . 
Separate analyses are then required for these areas . 
For examp l e, future trip e nds i n the airport zo ne s hou l d 
be forecast as a func t ion of independent project i ons of 
air passenger volumes. Time series analyses are both 
useful and desirab l e in analyzjng special generators if 
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the app ropriate data are ava i lable . A s t raight l ine or 
curve is fitted to the month l y or yearl y observation s which 
are treated as values of t he independent variable in order to 
determine a long te r m trend . In the case of a large ai r por t , 
for example , the relat i onship of t r ips to air passenger 
volumes may be studied over an extended length of time . Any 
trend that is detected will be important in forecasting trips 
generated by that airport . 

STATISTICAL EVALUATION 

As pr eviously stat ed, t he c ross classification appro ach 
provides little f acil ity for t esting the statisti cal s i gnifi ­
cance of various exp l anatory va r iables which a r e thought to 
affect trip gene r a t ion. The analyst must rely heav ily upon 
experience , t he l ogic associa t ed with trip mak i ng and good 
common sense . He shou l d not become overly invo l ved with t he 
"statistics " associat ed with other procedures such as with 
the regress ion approach . 

A recent article, Category Models -- A Case for Factoria l 
Analbs is (9) , indica ted that statistical significance t es t s 
can e performed wi t h f actorial anal ys is and some t imes even 
with the least squares regression technique . The objective 
of the factorial analysis is to determine the main effec t s 
and interactions of variables in a cross classification 
analysis and to test their significance. Basically, the main 
effect of a factor is determined from the average value of the 
dependent variable for each level of the factor . This is 
accomplished by ho l d i ng t he effects of other variables constant 
across the l eve l s of the main effect being examined . The 
differences , if any , be t ween the values for consecut i ve 
levels i ndica te the effec t of the factor on the dependent 
var iable . In addi tion t o t he ab ove , tes t s a r e s ugges ted 
by the a r ticle ' s authors based on ana l ysis of vari ance 
where the basic objective i s t o compare the var i at i on of the 
dependent variable tha t can be attributed to the i nd ividua l 
factors with what can a l s o be att ributed to mere chance or 
random errors. The significant test s of individual f ac t ors 
and their interac t ions are performed by means of F tests . The 
computer programs BMD02V , Ana l ysis of Variance for Factorial 
Design,and BMDOSV , Gene r a l Linear Hypothesis, can be used 
for the analysis . The reader is referred to the 
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above mentioned article for further details! 

Again, it is more important that the relationship 
developed in the cross classification be logica l and 
the reasonableness checks discussed previously be 
accomplished to the analys 2s satisfaction than tedious, 
often difficul t to perform and under stand , statistical 
t es ts be accomplished . 

Since the cross classification is based upon mean values 
developed for cells of a matrix, the adequacy of source 
data is obviously of concern. The number of observations 
per cell must be sufficient and the criteria for evaluat­
ing the distribution of values about the cell mean 
shou l d be met. Most 0-D surveys will provide adequate 
<lata. If a survey is to be designed to collect 
information for cross classification analysis the 
sample size should be established to meet the cell si ze 
and s tandard deviation criteria. If possible, all 
variables used in the cross classification analysis 
should come from the same source . If a new 0 -D sur vey 
sample is to be collected both the trave l and land use ­
socio - economic data should be obtained . It is 
difficult to merge information f rom several sources and 
expect to develop relationships as acceptable as when 
all data is from a single source . There are usually 
individual variations in each so urce caused by sampling 
which are difficult to reconcile when data are combined 
for use in trip generation analysis . 

TIME STABILITY Of GENERATION VALUES 

Generally, it is considered that since trip generation 
models based on zonal data aggregates are unstable f rom 
one-area to another there is little reason to assume 
that they will be stable over time . Cross classification 
at the household level however, appears to have some 
stability in application between areas and therefore should 
have some degree of validity over time . Also , the form 
of the cross classification matrix is such that the 
analyst can hypothesize changes in trip making for a 
matrix cell based upon some study of the pas t and 
logical determina t ions about the future . Th is type of 
evaluation of possible changes i n trip rates should be 
a part of the monitoring a nd evaluation f unctions of the 

• The Urban Planning Division, FHWA , is currently researching 
further the application of a General Linear Analysis of 
Variance. Application will be facilitated by the develop­
ment of computer software in 1976. 
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continuing transportation p l anning act1vity . The form 
of regression approaches using aggregate zonal data 
makes it very d iff i cult t o "observe " t he changes in 
tr ip making that may be occurring over time . It is also 
di ff i c ult to in troduce s uch changes into t he equations for 
future application . This is due to the rather complex 
interrelationships between independent var iables , their 
factors and the constan t of a regression equation . 

To summarize , the pr ocedure described i n this documen t 
i s basically a common sense approach to trip generat i on . 
A minimum of effort shoul d be appl ied to statistical 
evaluation wi th the bulk of evaluat i on applied to 
reasonableness checks . 
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CHAPTER IV 
ADDITIONAL CONSIDERATIO~S 

A basic approach to trip generat i on has been pr esented 
in t he preceding chapters . The purpose of this 
chapter will be to highlight some important areas of 
cons ideration in the development and application of trip 
generation procedures as wel l as disc uss the handling 
of additional activities not prev iously covered such as 
external travel and truck and taxi fo r ecasts . 

FORECASTING REQUIRED CHARACTERISTICS 

The procedur e described in Chap t er II , A Recommended 
Approach to Trip Generation, relies on the for ecast 
of a few key land use and socio-economic variables for 
the es timat ion of future trip ends . These variables 
are income , car ownership and dwelling units fo r trip 
productions and employment , school enrollment and 
dwelling unit s fo r trip attractions . It is important 
t ha t t hese land use and soc i o - economic variab les be 
f orecast for f uture year application with care since 
al l travel forecasts and transportation systems analysis 
will be depe ndent upon suc h for ecas t s . 

The assumption of the s t ability of the rela tionshi ps 
be tw een tr ips and land use an d socio-economic variables 
ove r time is basic to forecasting . No matter how 
carefully the trip generation procedure is developed or 
how accurately t he estimating re l at i onships mirror 
observed data, considerable forecasting error may result 
unless the variables used are fo r ecast within a reason­
able degree of accuracy and the relationship in fact does 
remain constant over time. I t is often easy to forget 
tha t the quality of the trip generation estima ting 
procedure is on l y as good as the qual ity of the futur e 
estima te s of the land us e and socio-ec onom i c forecasts . 
Also, s ince the assumpt i on of time invariance is generally 
made when f ore cas ting , it is ex tr eme ly important that 
relationships be chosen which a re expec ted to exhibit a 
high leve l o f s t ability over time. The transportation 
planner must no t become so involved in the me chan ics of 
model development that he loses sight of the goal of 
provid ing me aningful trave l forecas t s . 
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Since the developmen t of t rip generation procedures and 
their application are usually ac compl ished by a trans ­
porta tion planner /ana l yst and fore casts of l and u se and 
soc io - economic characteris t ics are developed by l and use 
planners, it is important that a dialogue and close work­
ing r elat i onship be established in the deve l opment of 
procedures for trip genera tion to insure a full under ­
standing of pertinent considerations early in the process. 

CONTROLS 

As previous ly discussed it is important in t he appl i cation 
of trip generation procedures to obtain an areawide 
balance between the trip production and trip attrac t ion 
es t imates . The import ance is related to i nsuring a 
consistency in the forecas t s and a l so based upon trip 
dist r ibution processes used s uch a s t he gravity model whi ch 
r elies on such an areal balance . The balancing involves 
the summa t ion of zonal productions and attractions by 
tr ip purpose . If the t wo are not in agreement the tr ip 
production estimat es arc usually taken as the control 
since char ac t eris t ics of the home such as auto owne r ship 
and i ncome more adequately reflect changing travel 
characterist i cs than do nonresidentia l variables . However , 
if there are large discrepencies i t is important that 
more than a cursory evaluation and adJustment be under­
t aken . Both the production and at t raction relationships 
should be examined to determine if adjustments are 
required in future application due to un fo reseen 
situations. For exampl e, t here may be some overbuildi ng 
of shopping facilities resulting in higher t han expected 
shopping trips when applyi ng the s hopping tr ip a t traction 
generation rates . An evaluation o f t hi s migh t indicate 
a lowering of the shopping trip rate for shopping center 
locations and leaving the rates constant f or CBD and 
other non shopping center l ocations~ Likewise, t he 
percentage of t rips in each purpose category should be 
examined for cons i stency with kn own trends . For example , 
most repeat origin-destination studies show that work trips 
are declining as a percentage of total trips. 

I n addition to the above contro l checks and cons i derations 
for forecasting, close examination should be made of the 
growt h rates in t he socio - economic and land use data as 
they rela t e to the growth rate in t rips . The upper portion 

*It is also quite possible that increases in trips to a particular 
land use type ac t ivity (e . g . , shopping centers) would be reason­
able because of increases in the attractions of such activit ies 
over time and not because of a general rise i n socio-economic 
l evels at the production (or residential ) end of the trip. 
Reducing the trip attractions to balance with the productions 
could result in an under estimation of fu ture total travel. 
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of Table 14 shows an example of socio-economic survey 
data for a study area with corresponding future e s t imates . 
The resulting growth rates are also shown . Note the 
significant differences in these rates . The lower part 
of the table shows the areawide growth in trips and trip 
rates which resulted when the forecast land use and 
socio-economic data were applied to the base year 
relationships de veloped in this hypothetical generation 
analysis. By calculating ratios of combined trip and 
socio-economic information, a check may be made on the 
reasonableness of the growth in trips (line 15 in the 
table) agains t the growth in the socio-economic data used 
to estimate the future trip productions . 

Presenting trip and socio-economic information in t his 
manner serves two valuable purposes . First, the 
adequacy of the various trip estimates in reflecting the 
fo recast socio - econom i c data can be evalua t ed . Secondly , 
an emphasis is p laced on evaluating the f orecast 
socio - economic data for reasonableness . For example, the 
growth in populat ion by zone should refl e c t a s i milar 
growth in dwelling units or labor fo rce. Often it is 
helpful in this t ype of evaluation to compare the growth 
rates for the comb ined trip and socio-economic data 
(Table 14, lines 16-19) with the growth rates of other 
study areas of simi lar size . 

Parking Availabi l ity 

In addition to the above t ype of controls it is important 
to evaluate land use changes in relation to available 
parking and travel to the central business area . Parking 
availab il ity in the future year should be related t o the 
auto travel forecasts . Turnover rates by time of day 
and/or tr ip purpose can be developed from a parking 
survey or obtained from such a study in a similar area . 
These turnover rates should be applied to the future 
estimates of travel to the CBD to assess parking require­
ments in relation to expected parking availability. Such 
an assessment may indicate that there is sufficient parking . 
Another r esul t may be that suffic i ent parking will not be 
available for some trip purposes . This may result in the 
necessity for additional shifts in travel to mass 
transportation or to other locations in the metropolitan 
area. 

Adjustment For Under - reporting 

Normal ly trips obtained from household origin- destination 
surveys will be under- reported for a number of reasons 
inclu ding: The interv iewee forgot a trip he made, overl ooked 
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a trip some other family member made, or a family member that 
made trips on the travel day was not present at the household 
on the interview day . Trip da t a from the home interview are 
usually adjusted upward using counted traffic as a bench mark 
and the resulting factors often added directly to the trip 
cards(29). 

The best method of incorporating the adjustment for under­
reporting would be to locate it as an i ntegral part of the 
development of the cross - classification matrix of trip rates. 
This could be accomplished either internally within the 
computer program as it builds the matr i x, or externall y by 
hand adjusting the matrix values. Currently the DUSUM and 
XCLASS programs in the FHWA Battery use the unexpanded trip 
data, each record being a trip, and any adjustment is not 
incorporated. Another program, PRKTAB, which can also be 
used as a matrix builder similar to XCLASS, has t he capability 
of reading a factor from each trip record and applying it to 
the trip values being developed. 

There are several other points during the process at which 
required adjustment factors can be applied: (1) To the zonal 
trip production estimate after the cross-classification matrix 
has been applied, or (2) the analyst can take into consideration 
the fact that estimated trip volumes a r e l ikely to be somewhat 
low when evaluating forecast trip assignment results. The 
simplistic nature of the dwelling unit cross-classification 
technique has the advantage of allowing the analyst to introduce 
reasonable external adjustments based on sound judgement. 

7able 14 --St::--:~ary of areaf'll,ide totals o!' :.ypical soc:!.o- eco:'lor.;i.c and 1a nri u 5 ~ da !...,--a hypothetical 
exar:ple 

Sur vey data Futur e Gr owth 
es l h 'l:J. Les• f:ir.lor 

1 D.:el i. ine \!nits 19 ,540 27 , )00 1. 40 
2 ?ci;-o L, tio r. 61 , 1,50 88, 900 1. 45 
J CarJ c· .. med 20 , :co J o ,100 1.8) 
4 I..abor ~o:-ce 2) ,700 3),800 \. 4) 

5 :l~sice :1~ia: acres 3 , 261. t;. 4 , ~5'/ . 6 L40 
6 7 ~:.a l c,cplc-r.en t 23 ,eoo )5,'/1,6 l. So 
7 :!e:.ail sal es (OOO ' s $ ) 109 , s:10 1,58 ,90~ I. h.5 
6 Co:-mercial r:oo:- space (OOO' s sq. ft , ) J , 065 4 1 11l15 l, 1·5 
9 l ndusl:-ial acres 4J7. 2 630. 1, J. l16 

10 Per sons pe:- car 3 . 06 :> .I,;> 0 . 7'./ 
11 Pe:-sons per d'..'ell i ne unit J. 14 J. ;>6 1. t)lf 

12 Person~ per r e3idcntial acre 18. 84 19. 51 1. 01, 

lJ Dwelling .:nits per r esidem.ial a cr e 5 . 99 5. 'fl l. 00 

14 Car s per dwell i ng unit 1.0J I . JI; 1. JO 

CC~llIN'.::i) TRIP All:> SOCIO- EC0'.10:-!IC rnForu~AT ilJN 

15 Tc-;.ai. r.'7-:le based trip prodi;ctio:i 8L-, 532 t )9 I i'f'fl. 1.1,'\ 

16 ::o:-.e b.:ised t~i? prcd\!c ~:.on ;,er car 4 . 2i 4 . )4 l. OJ 

17 :0:..::-:!e ~a::ei tri ? product:0:1 per c:·.:el: i ng 
u~it 4. 3J 5.0J 1. 1.s 

IS lio:ie based tri p prodi.:ction per per s on J. 38 J . '/9 l. ')0 

19 Ec:-:e ba sed t n p ,>r oriuc t ion per r e:i i denUal 
a cre 2.5. 9:> 31,. 95 1. 35 

• Land use and soc1o-ocono::iic estimates a r c f or 1llu~tra t1on only , ~r.<l oro b.1 t.cd l.lq;e!,r ,,n 
assumed data . 
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EXTERNAL TRIP FORECASTING 

The procedures described in this document have concentrat­
ed on the development of trip generation relationships 
considering internal travel made by residents of the 
area . These trips begin and end within the cordon line 
of the transportat ion study and generally comprise 80 to 
90 pe r cent of the total trips in a t ypical study area . 
Practically all of the remaining trips have one end in the 
study area and the othe r beyond the cordon line--
externa l trips . Also, there are trips that have neither 
end in the urban area--through trips . These through 
trips may be of signif icant magnitude in the smaller 
urban areas . These latter thr ough trips are usually 
handled by a factoring of inventoried through trips using 
a procedure s uch as the FRATAR trip factoring process . 
However, growth factors must be developed to apply such 
a method to the through trips. Such growth factors are 
developed based upon forecasts of facility development 
which may add or remove some of the attractiveness for 
going through the area in question and expected growths 
in population and economic activity in the region of the 
country from which the t hrough trips develop . 

There are several approaches to handling internal-external 
travel. One procedure for forecasting and distribution 
is to group external trips so that they are "produced" 
at the external stations on the cordon line and 
"attracted" to the internal analysis units (zones) . The 
volume of externa l trip attractions are a function of the 
character of the zone and also of the distance from the 
cordon. Earlier research has shown a cons istency in the 
pattern of external trip ends in a study area (Figure 15) 
(10). For example, the central business dis tr ict normally 
attr ac ts proportionally more external trips than do other 
zones in the study area . 

General l y there are not enough external trip ends to allow 
them to be analyzed independently of the internal trips. 
It is suggested in trip generation analysis, therefore, 
to treat the internal ends of external trips as a propor ­
tion of all other internal trip ends . The ratio: 

No. of internal ends of external tri s/zone 
No. o allot er internal trip ens zone 

calculated by zone forms the basis for this approach . The 
average of the zonal ratios by rings can then be calculated 
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30% 30% 18% 14% 8% 

FIGURE 15 DISTRIBUTION OF TRAFFIC APPROACHING A TYPICAL 
METROPOLITAN AREA OF ONE MILLION POPULATION 

and analyzed to det ermine if there i s any c ons i stent 
pattern. An al t ernative , if no pattern is di scernab l e. 
might be to average the zonal ratios by di s t r ic t and 
then examine for a pattern . When a large traffic 
generator , such as a shopping center, draws a 
significant amount of external trips, it should be 
analyzed separately . Another approach is to use t he 
attract ions as deve loped f or internal tr ips as the 
index for distribu t ing the externa l p roduct ions a t the 
s t a tions t o the i nt e rnal zones. 

The percentage of ext ernal traffic destined to various 
rings may change over time . Estimates of changes can 
be r elated to the growth of the city . Figure 16 
i llustrates t he sh i f ting distribution of external traf f ic 
as the city grows (10). 
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At the external s tation (produc tion end of the trip ) , 
the forecast of future trip ends should be based upon 
a growth factor that reflects the growth in travel within 
the corridor of the station, including the growth in the 
area beyond the cordon which i s tributary to the external 
station. In forecasting it is necessary to balance t he 
growth in t rips , as determined from the external factors, 
with the growth determined from the analys is of the 
zonal ratios by ring . The more reasonable and logical 
total value should be used as a control. The dist ribution 
model handles the problem directly if the attraction 
va l ues are considered as indices by which the station 
productions are distributed. 

TRUCK AND TAXI TRIP FORECASTING 

If the volumes are suff i cient , forecasts of truck travel 
can be accomplished by undertaking a separate truck trip 
generation analysis. Where volumes are low, however , 
truck tr i ps are often combined with nonhome based trips , 
as the factors that influence the latter are also f ound 
to be important i n describing truck trip generation. In 
the case of an unusually large truck terminal or 
manufacturing site wi th a high rate of truck trip 
activ i ty, separate growth factors which reflect the 
potential growth characteristics of the individual site 
may be required. A special generator-anal ysis could be conducted, 

Taxi trips may also be analyzed separately or combined 
with the nonhome based trip category , depending on their 
magnitude . Taxi trips usually exhibit a rather definite 
pattern . For examp l e , taxi trip generation rate s usually 
decrease in number in direct proportion to distance away 
from the CBD, as well as to increases in auto ownershio. 

When taxi and/or truck trips are significant enough to 
require separate analysis they can be handled in a 
manner similar t o non-home based attractions as previously 
described,developing rates based upon dwelling units and 
employment.* 

The trip productions and attract ions would be set equal. 
In some applications truck and taxi trips have been com­
bined and handled as a single "purpose". In one such 
application the following type of rates were developed 
based upon acres of land use (Table 15) . 

~Seepage 40, "Non-Residential Trip Generat ion Attractions," 
and Table 12. 
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Table 1S 

Example of Average Truck - Taxi Tr ip Ra t es (21) 

Area 
Description 
Central Business Dis t rict 
Remainder of Ar ea 
Mi l itary 

COMPLETE SYNTIIESIS OF TRAVEL 

Trips Per Land 
Resid . Comm . 
17. 37 55 . 96 

2.04 14.33 

Use Acre 
Indust. 
131. 50 

3 .7 8 

Other 
11. 92 

0 . 83 
0.68 

A cons iderable amo unt of research and deve lopment has been 
accomplished r elative to procedures and me t hodology fo r 
transportation p lanning . ~lost of the significant work has 
been done by the larger ur ban areas in which origin and 
destination s urveys with si gnificant sample rates have been 
taken along with r a t her complete land use, socio - economic 
and transportation facility inventories . This past work in 
over t wo hundred areas provides background information which 
may be used to synthesize travel demand and systems use in 
other areas . Most work relative to synthesizing an entire 
travel pattern and system use has been accomplished in smaller 
urban areas where perhaps complete O-D surveys and other 
inventories cannot be j ustified . It would not be unreasonab l e , 
where the need arises, for an urbanized area (ove r 50 , 000 pop ­
ulat ion) to synthes ize the trip gene rat ion element of t he 
forecas ting process. Mos t approach the problem by syn t hesiz ing 
current travel patterns using model formulations calibrated 
in another, and i f possible similar, area. After the models 
a re adj usted to syn thesize current patterns they can be used 
fo r forecasting future travel. 

The procedures described in this document for tr i p generation 
are easily transferable to areas other than for which they are 
developed. The number of variables (land use, and social­
cconomic) r equired for the travel es timates is small and us ually 
ava ilable from secondary sources. The r e l ationships shown i n 
Appendix B can be " borrowed" for synthesiz ing purposes . 

A procedure for a transporta tion planning process in s mall 
urban areas has been described in a document " Trave l Si mulat ion 
For Small Cities" to be published in 197S as a FHWA Highway 
Planning Technical Report . An ou t line of the procedure 
descr ibed in the report is presented in Table 16 . 
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Table 16 

Outline of Si mulation Procedure 

I . Data Collection and Network Development 

II . 

A. Socio- Economic Data 
1. Population 
2 . Auto Ownership 
3 . Income 
4. Employment 
5. Inventory of Transportation Facilities 

B. Traffic Counting 
1 . External Cordon Survey 
2 . Screenl i ne Crossings 
3. Maj or Traffic Generators (hospitals , stadiums, etc . ) 
4. CBD Cordon Checks 
5 . VMT Estimates 

a. areawide 
b . subareas 
c . functional classes 

C. Select Highway Network and Zones 

Trip 
A. 

B. 

1. FunctionaJly Classify Network 
2 . Code Network 
3 . Determine Speeds 
4. Check Minimum Time Paths 

Generation 
Internal Tr i ps 
1 . Select trip purposes and percent of trips for each 

purpose from other studies . 
2 . Select trip generation relationships from other studies . 
3 . Calculate productions and attractions for each purpose 

by zone . 
4 . Balance producti ons and attractions . 
5. Check results by ~se of control zones, and by comparison 

of trip rates per dwelling unit and per capita to other 
studies , and by compar ing estimated VMT ~ith counted VMT . 

6. Readjust trip generation model if necessary . 
External-Internal Trips 
1 . Determine external- internal and through productions and 

attractions using linear regr ession model based on an 
external origin-destination study . 

III . Trip Distri bution 
A. Internal Tri ps 

1. Distribute productions and attractions by purpose using 
the gravity model and friction factors der i ved from 
other transportation studies . 

2 . Check resulting trip length frequencies for each trip 
purpose for reasonableness and compare to frequency curves 
from similar urban areas of similar character . 

3 . Compare ground counts across screenlines to movement 
across screenlines indicated by the distribution model 
and compare desires to and from CBD with cordon counts 
around CBD . 
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Table 16 (continued) 

a . Add time penalities to compensate for topographical 
barriers if necessary . 

b . Make zone-to- zone adjustments as necessary . 
B. External- Internal ~rips 

1 . Di stribute synthetic exter nal- internal productions and 
a t tractions by purpose using t he gravity model and 
f r icti on f actors derived f rom other transportation studies . 

2 . Calibr ate gravity model by adj usting friction factors 
until "the r esul t i ng synthetic trip length frequency curve s 
matches the frequency curve pr oduced by a distribution of 
internal-external 0- D trips . 

3. Assign the internal-external 0-D trip matrix and t he 
synthetic external-internal model trip matrix to the 
exist i ng network . 
a . Separate l inks into volume groups for root mean 

square analysis . 
b . Compare 0-D and model distribution of trips across 

screenlines . 
c . Make any zone- to- zone adjustments as needed to properl y 

distribute the synthetic trips to reproduce 0- D 
movements . 

IV . Assignment and Checks 

V. 

A. Ass ign all trips in or igin-destina t ion format to the existi ng 
network . 

B. Gross Checks 
1 . Compare total VMT for assigned trips and ground counts . 
2 . Using screenlines , cutlines , and CBD cordon , compare 

total volumes for ground counts and model trips . 
C. Fine Tuning Checks 

1. Compare assigned and count ed VMT disaggregated by 
functional class and area type . 

2 . Compar e ass igned volumes on specifi c links with ground 
counts . 

Model 
A. 

Adjus t ment s 
Validity checks i ndi cate that model trips and VMT do not agree 
with gr ound counts and actual VMT . 

B. 

C. 

1 . Examine network and alter if necessary . 
2 . Adjust zonal pr oductions and attractions up or do,m . 
3 . Adjust speeds to get better l ink-by-link agreement wi t h 

gr ound counts . 
Checks indicate model VMT and screenline checks are good 
1 . Adjust speed if necessary to smooth out assigned trips 
Model VM'r is good but distribut ion is poor 
l. .'1akc zone- to- zone adjustments if appropriate . 
2 . Alter friction factors . 
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CHAPTER V 
~10:-JITORING AND SURVEILLANCE FOR TRIP GENERAT I O.\J 

The continuing transportation planning process emphasizes 
the ne ed to monitor and , if needed , update trip volume 
es timates in light of chang ing land use and soc i o­
economic character i st ics . Since trip generation 
es t imating r ela t ionsh i ps are usually derived from cross­
sect i onal data for one period in time, and a re subject 
to change with t ime , it i s also extr eme l y important 
that the relati onships be evaluated periodically . 

DATA REQUIREMENTS 

Sinc e tr ip gener at i on supplies the direct link between 
t ravel and changes in th e land use pa ttern it is 
necessary to per iodically evaluate t he relationships 
f or stability . Additionally, the changing cha ra c ter 
and intensity of land use must be accounted fo r. 

The intensity and charac t er of land use in a s tudy area 
are con t inua l ly undergoing transformation . The mos t 
dramatic example can be seen in the central business 
dis tr ic t of mos t any city in the co un try . Sma ll, old 
office buildings g i ve way to parking lot s sandwiched 
be t ween two surviv ing buildings wh ich eventual l y yield 
to the forces of time in t he same fashion. Af t er a 
brief existence , the park i ng lot becomes the s i te o f a 
large modern office bui l di ng . Changing charac t er and 
intensity of residential l and is just as evident. Small 
apartment houses a r e replaced with higher ones , result ­
ing in a considerable inc rease in residentia l density. 
I n the newer areas vacant land is utilized in developing 
commerc i al and residential land uses . 

The procedure for tr ip genera tion described in Chap t er II 
is effic i ent conc erning da ta requirements for monitoring 
and survei ll ance . For residential t ri p generation , the 
land use and s ocio -economic forecasts include the number 
of dwe ll ing unit s and income. For non -residentia l 
ge nera tion , the fo recas t s required are dwell i ng un its , 
emp lo yment and s c hool enrollment . The need f or updat i ng 
th i s information i s primar ily a functi on of the age and 
growth pattern of a metropolitan a rea. In older cities 
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actual updating may not be as cri t ical as in rapidly 
growing urban areas . Th is does not however allev iate 
the need f or adequate and timely evaluations in all 
areas . To stay abreast of travel demands and changing 
land use activity in a dynamic and rapidly growing area, 
evaluation of the forecast annually may not be t oo often. 

In addition to application of trip generation rates to 
changing land use patterns it is important to evaluate 
the trip generation relationships. For example , for 
some unknown reason the trip making rate of a one car 
househo ld with a $10,000 income may be increasing . 
The analys t shoul d periodically evaluate the stability 
of the developed relationships over time . For the 
recommended procedure the data requirements for 
monitoring change in the trip generation relations may 
be limited to a small sample travel survey coupled with 
s i te surveys of selected nonresiJential land uses . 

Significant research by the Transportat ion Center at 
Northwestern University ha s probed severa l a reas in an 
attempt to develop an understanding of the relation-
ship be twe en nonre sidential land use and travel ( lD. 
It was found, for example , that stratification of non­
residential land use " parcels" into "major" and "minor" 
trip attractors, with ana l ysis conducted on each, would 
faci litate the investigation of nonresidential trip 
generation . For the study area data that were used in 
the re search , about 70 percent of the trip ends were 
attracted to about 15 percent of the land use parcels 
within the area. If detailed s i te ana l ysis were 
concentrated on the relatively few land use activities 
that comprise the "major" trip attractors, a means of 
monitoring nonresident ial trip generation would exist . 

Findings in a continuing study by the California Department 
of Transportation as well as by other States indica.tes that 
individual s ite analysis i s indeed. feasible (12). In 
this continuing effort, which could well be the fore­
r unner of future practice , traffi c counts are be i ng 
t aken a t se lected sites with a range of land use 
characteristics. The traffic counts on vehicles entering 
and leaving the sites are re lated to characteristics of 
the sites to obtain trip rates in terms of trips per 
employee, t r i ps per unit of floor area, et~ . Hourly 
recordings of traffic counts are being obtained over a 
period of from two or three days a week . This type of 
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study not only offers a more intensive analysis of the 
trip a ttraction characteristics of major land uses, 
but permits an investigation of trip generation rates 
by hour of the day and day of t he week ! Day- t o-day 
var i ability in travel habit s has long been known to be 
a major contributor to the unexplained variance in trip 
generation. Although most s ite analysis has been done 
at non-residentia l land uses , site analys is can be done 
for residential areas s uch as apartment complexes, 
townhous e devel opments and single fam ily home communi ti es . 
The traffic count data collected would be related to 
characteristics of the area as might be found in census 
data. 

CHECKS TO BE CONSIDERED 

Trip generation pr ocedures a r e critical at two stages of 
transportation study reappraisal . The first is during 
routine r eview whe n tra ffi c data are r equired fo r project 
planning and design . If land use activity di f fers 
sign ificant l y from that originally projected then origina l 
t rip generation estimates will not be va l id and the current 
land use and socio - economic i nform~tion should be 
used for a new tri p projection in those areas with s i gni­
cant growth differences. If the difference between the 
original es tima t es and the r ev ised trip estimates is 
significant for the corridor in which the pro j ec t is 
located, consideration would be given to rerunning the 
whole chain of forecasting models t o obtain an updated 
forecast yea r assignment . The analyst will then be in a 
positiun to determine the effec t of the difference in the 
trip forecast on the system . 

These s t eps ind i cat e that cont i nu i ng transportat i on s tudies 
maintain selected land use and socio-economic data on a 
current basis through an adequate, on-go ing s urveil l ance 
program , thus assuring the abi li t y to make evaluations of , 
or updates to, t he original forecasts . In addition , 
estimates of t he impact of proposed changes in land use are 
often required . Such i nformation should be read ily ava i l ­
ab l e bo th fo r project p lanning and as a "service" product 
of the continui ng planning process . 

xResults of the comp1lat1on of such studies around the nation 
have been produced by the National Association of County 
Enginee r s (1), an d the Maricopa Ass ociation of Governments (2) . 
An Inst i tu te of Traffic Eng ineers Technical Committee is 
c urrentl y compiling and analyzing r ates from stud i es around 
the country in an on-going project (16). Resul ts should be 
available in 1975. 

-68-



A second stage occurs during a major review . The need 
for more extensive data than that obtained during routine 
review may be indicated if original travel forecasting 
procedures are technically inadequate by current standards 
or if the or i ginal procedures cannot reproduce current 
travel patterns, as measured through a system surveillance 
program . Enough information, therefore, must be obtained 
so that existing models can be refined or, i f refinement 
is not possible , new models calibrated . Because of both 
the cost involved and the need for timely infor mat i on , 
areawide comprehensive home interview surveys are not 
necessarily appropriate for supplying data for this 
refinement or mode l updating funct i on . Site analysis 
may well supply the required information . If necessary, 
considera t ion may be given to a small sample trave l survey 
allowing cross classification analysis for trip generation 
and other model i nput s such as trip l ength distr i but i ons . 
Consideration should also be given to the possibility of 
"borrowing" basic trip generation rates from othe r (and 
similar) transportation studies . See Appendix Band 
references 1, 2 and 16 for examp l es. 
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APPENDIX A 
FORECASTING INCOME 

INTRODUCTION 

Income is a key variable in the trip generation forecasting 
procedure outlined in this manual and income forecasting can 
be a difficult tool to use in the process unless precautions 
are exercised along the way . For example, the use of national 
and regional stepped-down control total s will help to insure 
reasonable forecasts . Sources mentioned in the next section 
are available in this regard. 

In addition, location and density affect travel demand of a 
household within any given income group. It was suggested in 
the main text and is suggested again here that measures of 
density be used as a third independent variable in the fore-
casting process. Other factors that are becoming more important 
today and are related to income are not so easily dealt with, 
however. For example, changes in famil y l ife style as measured 
by the effects of energy constraints, inflation, and unemploy-
ment will all affect the r esources a family can spend on 
transportation. Although it is difficult to precisely quantify 
these factors so that they may be explicitly treated in trip 
generation forecasting, the resulting effect of energy 
constraints on trip making has been noted in a few cases (26,27) . 
As a minimum, however, the rather flexible and understandable 
framework which is the basis for trip generation technique provides 
the analyst the opportunity to easily test alternative future 
conditions. As time goes by and transportation studies contin­
ually update their forecasts and data bases, new values and 
additional information will be available to add to the fore-
casting process. 

SOURCES OF AVAILABLE DATA 

There a re useful income forecasts that are produced by Federal 
agencies that may be used as a base . These estimates are 
generally available on an SMSA basis. The most complete fore­
cast has been prepared by a joint effort of the Bureau of 
Economic Analysis of the Department of Commerce and the Economic 
Research Service of the Department of Agriculture for the U.S. 
Water Resources Council (15). The data are contained in a 
seven- volume set and include historical and projected measures 
of population, employment, personal income and earnings for 
States, Economic Areas, Standard Metropolitan Statistical Areas 
(SMSA's), and Water Resource Regions. Volume V contains SMSA 
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projections and is a good source of estimated per capita 
income ($1967), based on Series 'E' population 
projections, through the year 2020 . The volume contains 
tables for each of 253 SMSA's, the United States, and the 
sum of SMSA ' s. An example is shown in Table 17. Similar 
information is contained in another Bureau of Economic 
Anal ysis pub l ication: "Area Economic Projections, 1990" (17). 

The above source provides areawide statistics on income 
which must be stratified by geography (i.e., zones). The 
census data provides a source for such a process at least 
on a historical basis. The PC(l) series for each State 
provides income distribution data for SMSA's, urbanized 
areas and places and is available every ten years . In 
the 1970 census the number of families and unrelated 
individuals in each of the following income ranges was 
provided: less than $1,000, 1,000-$1,999, 2,000-$2,999, 
3,000-$3,999, 4,000-$4,999, 5 , 000 - $5,999, 6,000-$6,999, 
7,000-$7,999 , 8,000-$8,999, 9,000 - $9,999 , 10,000-$11 ,999, 
12,000- $14,999, 15,000-$24,999, 25,000- $49,999, $50,000 
and more. Also included are the median and mean incomes. 
For the pr ocedure to be described the ranges above $10,000 
should be stratified into $1,000 groupings up to about 
20-$25,000. This can be done by plotting cmn.ulative 
curves from the data given and entering the cumulative 
curve to obtain income in $1,000 increments. 
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I 
--.J 
w 

EXAMPLE TABLE 

SMSA 001 Abilene, Tex. 

TABLE 
IN OBERS 

17 
PROJECTIONS ( 15) 

Table !.-Population, Employment , Ptrsonal Income. and Earnings by Industry, Hi.s!odc:11 and Projected, Select~d Y,us, 1950-2020 

::r;~p~~nin~!~,~:r; 96,"S)::::::::::::::::::::::::::::::::::::::::::::::: 
Per a rit.a income: relative (U.S.= 1.00) .......................... . 

Toi.Al crnp:.Oymcnt ···········•·•··•··-·· ··································· 
Employr!',cnt/p,opulaUOtl rauo ......................................... ~ 

T otal pitl"'IC)ID;lil U)COcn,e . ............ .... _ .. , , . .. ....... ..... ............. ... , 

Total earuln;, ........................... - ........ , ........................... . 

A&ricultu.rc. !orutry a.nd f:shcrics 
Altfl<ullu r< .............. ................................................. 1 

M;~;z:.:~. '.'..'~.~.~~.:.:::::::~:::::::::::::::::::::::::::::::::::::, 
Coal ................................ , ........................................ .. 
Crude petroleum a.nd natun.1 ga.!11 ............................. , 
NootneL'\Jlic. except fuels ........................................ , 

Contnct con~tn.iction ·······•···-·•···•·••··········-···········-····· 

Mf~r;:tkfnd·;~d·Prod~~·u::::::::::::::::::::::::::::::::::::::: 
Tell.tile mill pr<><!ucti ................................................ , 
Appa:-cl aod o:hcr fabric pnxlucu .............. . 
1.ur.ibcr products a.nd furniture ........................ , ....... , 

~Jr~n~n~
1~~i~t~~.!.:::::::::::::::::::::::::::::::::::::::::: 

Ct,cmic•h Md allied producu .............................. .. 
Pctrolc.u:n rcf1tun.g ................................................... . 
Primary mcl..l.ls ......................................................... . 
F111bric.atcd met.ab and ordnance. ........... .................. , 
Machi.n~ry . c1.clud1n1 t lcctricaJ ............ ............ ·-··--
Elcctnc:11 m;ir.hin<"t)· and ,up;,::cs ..................... _ .... ~ 
Mot~r vc!'l.ic.•\c.5, anc! cqu:pocnt ................................. , 
l 'r•nsrort:ition c.quip .. txct mlr. vch11 ..................... , 
Other m:rnt.:f~cturing ................. . 

Tnn.s .. comm. 1nd ;-ubilC utilitic1 

~ ~:~ ndt :~
1farn:hti=i~·g·:::::::::::::::::::::::::::::::::::::::: 

Oilier tnn•rorut.ion and Krvices .......................... .. 
Cornm~n,Q:,H;r1.s ...... - ............................. .. 
Uulitie, (clcc , ,.,, nniwy) ................................. . 

Wholesale and retail 1I11de ........................................ .. 

f'inaocc. insur1.Dce and real c.st.ate ............... ... - .... - ... . 

Services ........... , ......... , ................................................ .. 
Lodg.ing places and pcnonal K rviccs .... ....... .... . ...... , 
Dus.in.cs, .and rcpa.ir s.cr'llicc, .............................. _ .... , 
Amus-ement an-d rccrc:tion services .... ·-··--· 
Pnv1t, hou>eholds ...... ,, .......................................... . 
ProCcssion.:J ~crvicc, ... ................................ . 

Go1,1crnmcn1 ....... .... .................................... ............... , 

t~~~~"~~:~::::~~-~·;;t::::::::::::~:::::::::::::::::::::: 
Armed forces ................. - ............................ ~ ........... . 

1950 

86.236 
1,865 

.90 
J2.12• 

160.830 

127 ,997 

17.010 

16,298 

7,906 

12.867 

11..518 

2B.6)9 

4.70'2 

17,811 

11.237 
1,7'0 
8.727 

730 

1?'62· 

129.684 
2.2.1) 

.87 
47.Ul 

292.J 53 

231.012 

ll.579 

15.148 

19.6-46 

16.~36 

15.072 

44.)19 

10.017 

)4,~0(, 

52.030 
6.m 

17.385 
'l7.Rl2 

•Employment i, for 1960. 
a- rcpre-sc-nt\ Sil O io99.9 pcrecnt o f the true vJ.lue 
b-rcprescnts GO.Oto 19.9 pc:rcc:nl or the: true vutuc 

c-rcprexnts 40.0 to ~9.9 percent o! th-c true: vakc 
d- rtPr<•ent> 20.0 to J9.9 per<cn1 of tho true value 

1969 

116.%5 
2.9)6 

.85 

341.01.; 

264,058 

I C !'O 

10.104 

12,8615 

26,71 5 

18.07 

49.521 

12.088 

~9.l'26 

10Jl9 
I0.':81 
21.•93 
n.1-.6 

1910 

114.542 
) .15• 

.91 
46,,37 

.40 

){)1,2)7 

276.538 

20.2.17 

8.Sn 

10.o;1 

2h.S98 

19.:hl 

•6.852 

11.89) 

52.11'8 

7S.:~2 
10.'W'• 
29-".'0 
JS.024 

1?71 

l!G.J!J 
) , 166 

.8? 

1"30 

114300 
4,ZOO 

.90 
4S.;')(; 

.• J 

In Thou,arnh o f 1967 Dollan 

~68.2◄7 

279.476 

16.208 

7,%3 

12.6)0 

27,761 

!S.872 

48,33.l 

12.4)0 

52.<2) 

82.Sll 
l l.d74 
J0,83• 
.:o,.\J.l 

,1,~•lAO:> 

JG?,400 

1?.;00 
19.'00 

(S) 

6,000 

6,(,(1() 
(S) 

17.100 

l i.lOO 
S,900 
2 .. ,()1} 

(Sl 
(SJ 
(Sl 

3.21'0 
(S> 

1.000 

1.•00 
t .•OO 
2 .900 

4.000 
9.~00 

23.800 
2.:.(Y} 
7.1('0 
I .._.JO 
6:i'oo 
6.: ()(1 

60,100 

18.900 

84.(,00 
l/100 

10 . .ecx..1 

1.100 
) . lro 

64.Zl'0 

100.'X.'O 
l<.300 
0.51)() 
42,51)0 

c- r,;ri:c·.cnts z.cro 10 15.9 ;,crc-c:nt c! the true v.1!;.ic 

1?85 1900 

ll l.~"<l l P.:OO 
•.8('(1 .l,lOO 

.90 .90 
49.40(\ 50.100 ., .4J 

~S.lOO 6l3 .400 

<25.~()(I 489.600 

20 .. "lO 21.<lOO 
2'1.:-1'() 21.9('0 

(S) (S) 

6 . )00 HCJO 

6.:0? .l.~co 
CS) (SJ 

19.400 22.t'OO 

•2.m 48,7!'0 
9.:wo 9,<00 
3.::-('() 3.700 

(S) (SJ 
($) (Sl 
(S) tS) 

3. 7()0 •.2':0 
(~) {:•) 

l. iOO 1,200 

J.~ l .90ll 
l.700 2.000 
l .~r,:) s.~JO 

4 . .lOO S.000 
!UCO 13,300 

26.)l'<) 29.60'J 
2.000 I.~ 
8.:oo 9.300 
:.:co 2.5Nl 
7.:oo S.!00 
(-. iOO ; .3ro 

66. •00 73 .400 

22. lOO 25.HJ0 

102 .• :ao 113.900 
5.!1-' .. '0 6.0C') 

12.91.'0 15,'W 
1.:ro 1.(00 
;..100 J .100 

79,1<'0 97 .•00 

117.{-:JO 131.COO 
n .3oo 10.100 
):. :ooo 62.}()0 
41.(ll'O 54,!00 

1972-E OBERS Projections 

= 10:::l 

118.900 1:..u<'1> 
1 .• 1('\1 n.~~ 

.9: lj ~ 

sz.:oo ~.~no 
.... ..... 

8W.l l'<l 1.~;1.~"() 

66;,(,()() 1,15'00" 

2HXJ0 ~2.J l";J 
24 ,900 J2.l fV 

(S> (~I 

S,700 s.900 

5.600 5,cl") 
(S) (Sl 

l!l.700 ~.>{') 

63.100 I00.3CO 
10,)00 Ji;,(.!Xl: 
5.000 s . 100 

<S) (SJ 
(Sl (S) 
(S) (~ ) 

S.600 9.:-eo 
(:;J (~) 

I ,lt'O 1.100 

2.600 4,?t'O 
2.GOO 4,100 
s.coo 16.~~) 

6.100 8.600 
17 .800 29.400 

}$ .)00 6 1.-<m 
1.!-00 1.;(l() 

12 .100 19.:;-<J 
J.300 l .700 

11 .900 2 1.) "1) 
9,100 ll.3CO 

93,)00 144.200 

38.300 69.700 

183.lOO 359 .S()O 
6 .700 8.'00 

2• .200 •9.)00 
I .~!:O ).(/ '() 
J .100 l.600 

)41 .)00 295,100 

187.000 n,.500 
27 .JOO l()/.(VJ 

90.200 16;.~ 
69 .400 114.000 



BASIS FOR PROCEDURE 

The f ollowing f orecast i ng procedure is based upon using an 
income proj ection for an entire study area and the 
distribut i on of f amili e s by income class for the area 
under study. A review of i ncome dat a indicates a change 
in the distribution of families by income class as time 
progress es. Figure 17 shows the distribution of families 
by total f amily income for the periods 1951, 1961 and 
1971 for the United Sta tes based upon constant 1971 
doll ars . It is clear t hat the proportion of fami lies 1n 
the lower income r ange s i s decreas ing and that the 
proportion of families in the highe r income ranges is 
increasing . The curve s indicate that the rate of income 
growth experienced bv f am il i es in the lowest income 
class 1s grea ter thari i n the higher income classes . 

, 00.----- - - - - - - - - ---- - --- - - ---- -

90 

~ 80 
:; 
i 
~ 70 ... 
0 
~ 60 
~ 
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< 
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:, 
0 
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10 
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INCOME IN THO\JSANOS OF DOLLARS 

FIGURE 17 DISTRIBUTION OF FAMILIES BY TOT Al FAMILY INCOME IN CONSTANT 19 71 DOLLARS 

A study completed by t he New York State Departmen t of 
Transportat i on indicates that for the lowest income class 
(0 -$ 2,999 ) the rat e of income growth is about 1 . 5 times 
that for the $10, 000-$ 14 , 999 income class (18) . Another 
charac t er i s tic fo und in thi s s tudy i s tha t the percent of 
i ncome in quintiles of the population remains r ela t i vely 
s table . For the U.S . between 1960 and 1969, a pproximate ly 
5% of t ota l income i s within the f ir s t 20% of t he 
population, 12 % within the next 20 %, 18 % within the thi rd 
quintile and 24 and 41 percent respectively in t he 
f ourth and f ifth quintiles . These characteristics and t he 
sources mentioned previously provide a method for fore­
casting f uture distr i butions of income . 
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INCOME FORECASTING EXAMPLE 

To illustra t e the p r ocess Fi gure 18 and table 18 pre sent 
e xample data for an urbaniz e d area . The Figure shows 
t he pe rc e n t of families within $ 1 ,000 i n come 
r anges as may be obtained f rom the Census PC(l) series . 

$ 1n 

Thousan ds 

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

9-10 
10 - 11 
11- 1 2 
12-13 
13-14 
14-15 
1 5-16 
16-17 
17- 18 
18- 1 9 
19-20 
20 + 

Table 18 
EXAMPLE DATA - I'.'-JCOME FORECASTING 

Percent 
1960 
Fami­
lies 

14 . 56 
15 . 2 2 
14 . 35 
13 . 48 
11 . 74 

9 . 57 
6 . 09 
4 . 13 
3 . 04 
1. 52 
1. 08 

. 87 

. 54 

. 4 8 

. 43 

. 3 9 

. 32 

. 26 

. 21 

. 1 7 
1 . 5 5 

Accum. 
Percent 
1960 
Fam . 

14 . 56 
29 . 78 
44 . 1 3 
57 . 61 
69. 35 
78 . 92 
8 5. 01 
89. 14 
92.18 
93.70 
94 . 78 
95. 6 5 
96. 1 9 
96 .67 
97 .1 0 
97 . 49 
97.81 
98.07 
98 .2 8 
98 . 45 

10 . 000 

Percent 
1 970 
Fami­
lies 

2 . 7 0 
5 . 40 
6 . 84 
7 . 92 
8 . 46 
8 . 64 
8 . 46 
8 . 10 
7 . 20 
6 .30 
5 .40 
4 . 50 
3 . 7 8 
2 . 88 
2 . 34 
2.16 
1. 62 
1 . 26 
0 . 94 
0 . 90 
4 . 20 

Accum . 
Percent 
1970 
Families 

2 . 70 
8 . 10 

14. 94 
22 . 86 
31 .32 
39.96 
4 8 . 42 
56.52 
63 . 72 
70 . 02 
75.42 
79.92 
83.70 
86.58 
88.92 
91. 08 
9 2 .70 
93 . 96 
94.90 
95.80 

100 . 00 

Table 18 presents the same data along with the 
accumu lat ed percent of fami l ies . The first step 
in the forecast is to adjus t the 1960 income distribu tion 
t o a 197 0 d o llar bas e . This is done ut i lizing t he 
consumer pr i ce index (19) . An example table for the U. S . 
is shown as Table 1 9 . This t able shows 1971 as the base. 
To c onver t t o another year as a base , d i vide al l the 
values in t h e table by the index for the year desired to 
b e t he base and mul tiply by 1 00 . To con ver t to a 1970 
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base all values would be divided by 95.9. To convert 
the example 1960 income distribution, the price index 
would be developed as [(73.1/95.9) x 100] = 76.2 . Th e 
data shown in Table 19 is also available by major city 
or Standard Metropoli tan Statistical area (lg) . 

Table 19 
Consumer Price Index 

1971 = 100 

YEAR INDEX YEAR INDEX YEAR INDEX YEAR INDEX 

1947 55.2 1953 66.0 1959 72 . 0 1965 77 .9 
1948 59 . 4 1954 66 . 4 1960 73 .1 1966 80.1 
1949 58.9 1955 66.1 1961 73 . 9 1967 82.4 
1950 59.4 1956 67.1 1962 74.7 1968 85.9 
1951 64 .1 1957 69 . 5 1963 75.6 1969 90.5 
1952 65.5 1958 71.4 1964 76.6 1970 95,9 

1971 100.0 

The adjustment factor to convert 19 60 current dollars to 
1970 base dol l ars would be 100.00/76.2 = 1.31. 

The above steps of convert ing the table value to a 1970 
base are, however, not necessar y to convert 1960 curren t 
dollars to 1970 base dollars. By entering any year as base 
Consumer Pr ice Index Table, the 1970 index would be divided 
by the 1960 index - in the above table 95.9 divided by 73 .1, 
to obtain the factor 1. 31. Table 20 shows each range of 
income factored by 1 . 3 with the percent of families in the 
new range taken from Table 18. To obtain the percent of 
families within the original $1 ,000 increment ranges , the 
"Accumulated% of Fami l ies" from Table 20 would first be 
plotted as shown in the top half of Figure . The curve 
would then be entered at each $1,000 increment to obtain the 
% of families in $1,000 ranges" as shown in the last column of 
Table 20 and as plotted in the bottom half of Figure 18. This 
figure shows for the te st city the change in the i ncome 
distribution between 1960 and 1970 in constant 1970 dollars . 
As can be seen there is a shift in families fr om the lower 
income ranges to the higher incomes. 
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Table 20 
Income Forecas ting - Adjustment fo r Cost of Livi ng 

1960 t o 1970 Dollars 

$ 1 n 

Thousands 
0-1 
1 -2 
2 - 3 
3- 4 
4 - 5 
5 - 6 
6 - 7 
7-8 
8- 9 

9-10 
10- 1 1 
11 - 1 2 
12- 1 3 
13 - 1 4 
14 - 1 5 
15-16 
16-1 7 
17-18 
18 - 19 
19 - 20 
20 + 

1960 
S Range 
Adj. t o 
1970 
Dol la r s 
(OOO 's ) 
0- 1 . 31 

1.31 - 2.62 
2. 62 -3. 9 3 
3 . 93-5 . 24 
5 . 24-6 .55 
6 . 55 - 7 . 86 
7.86-9.17 

9 . 17 - 10 . 48 
10 . 48-11 . 7 9 
11. 79-1 3.10 
13 . 10-14 . 41 
14 .41 -1 5. 7 2 
15 . 72-17 . 03 
17 . 03-18 .34 
18 . 34-19 . 6 5 
19 . 65-20 . 96 
20.96 -22 . 27 
22 . 27-23 . 58 
23 . 58 - 24 . 89 
24 . 89 - 26.20 

Accum. % 
of 1960 
Families 

14 . 56 
29.78 
44 .1 3 
57 .61 
69 . 35 
78 . 92 
85 . 01 
89 .14 
92 .18 
93 . 70 
94 . 78 
95 . 65 
96 . 19 
96 . 87 
97 . 1 0 
92 . 49 
97 . 81 
98 . 07 
98 . 28 
98 .4 5 

100 . 00 

% of 
Families 
1n $1 , 000 
Ranges 
12. 0 
1 2 . 0 
11. 6 
11 . 0 
10 . 0 

9 . 5 
8 . 0 
6 . 5 
5. 0 
4 . 0 
2 . 2 
1, 5 
1 . 3 
1. 0 
0.8 
0 . 6 
0 . 5 
0 . 4 
0 . 3 
0 . 2 
1 . 6 

To forecast 1990 incomes , a 3% annua l real i ncome growth 
rate is t o be used for the example. The value for an 
actual city would be locally deve l oped or obta i ned fr om 
a source such as the one shown in Table 17 . 

Tab l e 21 and Figure 1 9 i llustrate the forecas t ing of 8-3 
199 0 income distribution . An ini t ial assumption is made 
t hat the lower income families wi l l grow at a f aster 
rate than the higher incomes . For the example shown, 
4 . 0 % is utilized for the l ower i ncomes up to $4 , 000 
which accounts for about 23% of the population. 3 . 5% is 
used fo r the range $4 , 000-$7 , 000 which accounts for about 
25% of the populat i on. Three percen t is used for the 
range $7 , 000 - $14 , 000 (38%) . To calculate the percent for 
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the last range s uch that the average will equa l 3% the 
following is us ed . As a generality, 5%, 12 %, 18 %, 24 %, 
and 41 % is the dis tr ibution of inc ome by quintil e s of 
the popula t ion . A 4.00 % growth is used for the first 
~uinti l e , a 3 . 50 % i ncreas e for approximately th e 
second quintile, a 3.00 % increase fo r a little more than 
the third and fourth quintiles - To obta in the fifth 
quintile value the following appro ximation is us ed: 

. 05(4 . 00) + . 12 ( 3 . S) + . 42(3.0 ) + . 4l (x) = 3 . 0 

. 02 + . 42 + 1.26 + .4lx = 3 
. 4lx = 1. 12; x =2 2 . 73 use 2 3/4 % 

The above cho ice of growth fac t ors for each qu i n ti l e is 
based upon judgement and a review of income distr i bution 
c hanges over the years for the area under s tudy, Should 
t he results of the choice not be suitable, another s et 
of factors would be chosen and t ried . The per c ent growth 
rat e i s converted to a f actor as s hown in the " Factor" 
column of Table 21 b y a table look - up in a compound 
intere st tab l e wi t h 20 years and t he growth rate used, A 
new range is determined by mult i plying the "Income Range" 
in the first column of Table 21 by the "Factor" . The 
"Accumulat ed Families" is then plotted aga i nst the 
"Fac tored Range" as shown in the top ha lf of Figur e 19 

Ta b l e 21 
1990 I ncome Ca l c u1a tion 

1970 t 
Income Fa:n . 

Inc ome Dis tr ib . % i n 
Range % of Accum. fnc r casc Fact. $1,000 
S(OOO ' s} Fami l i es 1-'ami.lies ( 3% avg . ) Fac t or Ra~ ~an~ 

0 - 1 2 . 70 2. 70 -L OO 2 . 19 0-2 .1 9 J . 0 
1 - 2 5 . 40 8. 10 4 . 00 2 . 19 - 4 . 38 l . 6 
2-3 6 . 84 14 . 94 4 . 00 2 . 19 6 . 57 2 . 0 
3-4 7 . 92 22 . 86 .t, 00 ·2 . 19 8 . 76 2 .3 
4-5 8 . 46 31. 32 3 . 50 l. 99 9 . 9S 3 .0 
5 - 6 8 . 64 39. 96 3 . 50 1. 99 11 . 94 3 .4 
6 - 7 8 . 46 48. 4 2 3 . 50 1 . 99 13 . 93 3 . 9 
7-8 8 . 10 56 . 52 3 . 00 1. 81 1 4 . 4 8 4.2 
8 - 9 7 . 20 63 . 72 3 . 00 1. 81 16 . 29 4 . 4 

9- 10 6 . 30 70 . 02 3 00 l . 8 J 18 . 10 S . 2 
10- 11 5 . 40 7S. 42 3 . 00 l . 81 )9 . 91 5 . 6 
11 - l 2 4 . 50 79. 92 3 , 00 1. 81 2 l , 7 2 6 .0 
12 - 13 3 . 78 83. 70 3 . 00 l. 81 23 . 53 5 . 9 
13 - 14 2 . 8 8 86 . 58 3 . 00 l. 81 25 . 34 s '-l 
14- 1 5 2 . 34 88 . 92 2 . 7 5 1 . 72 25 . 80 4 . 6 
15- 16 2 .16 91. 08 2 . 7 S 1 . 72 27 . 52 4 . 0 
16- 17 1. 62 92 . 70 2 . i 5 l . 7 2 29 , 24 3 . 5 
17- 18 1. 26 93. 96 2 . 75 l . 7 2 30 . 96 3 . 0 
18 - 19 0 . 94 94. 90 2 . 7 5 l . 7 2 32 . 68 2 . 6 
19 -2 0 0 . 90 95. 80 2 . 75 l. 72 34. 40 2 .3 
20 + 4 . 20 100 . 00 2 . 75 1 . 7 2 26 . 1 
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This accumulated curve is then entered at $1,000 increment s 
to obtain the values for the last column"% Familie s in 
$1,000 ranges" . These values can then be plotted as shown 
in the bottom half of Figure 19 . 

The median incomes can be obtained directly from the plotted 
curves as shown in figure 19. The mean income ic calculat ed 
by mul tiplying the number of families in each income range 
by the mean income of the range , summing these values and 
dividing by the number of families . The mean income for the 
example case is shown to have increased annually by the assumed 
3% . 

If the resultant curve from the previous calculations does not 
"look" like it fits the previous trends (in this case 1960 and 
1970), the di s tribution can now be modified by adjusting 
the growth rates used and re -calculating the distribution. 
Once an acceptable areawide distribution is obtained , 
individual zonal incomes may be forecast . 

APPLICATION TO ZONAL INCOMES 

Although the previous discussion has been based upon fami ly 
income ( the unit fo r which income is provided by census) , 
households or dwelling units are the units usually 
considered i n transportation planning since these are the 
units generally used in collecting travel data . The income 
growth factors as developed above for fami lies should be 
applicable to zonal incomes by household or dwelling unit 
as described here. 

The g rowth rates determined for use (See Table 21) are now 
applied to 1970 average incomes by zone (or by household 
or groups of househo lds within zone if such is available 
and household incomes arc desired) . The proper growth 
factor is applied to corresponding incomes . For example, 
1970 zonal incomes between 0 and S4,000 are factored by 
2 . 19 to obtain 199 0 average zona l incomes in the 
illust r ation used. Once factors are applied to all cases , 
a distribution similar to Figure 19 may be drawn to check 
the results . Minor adjustments may now be required to 
assure the desired number of households with i n each income 
range . 
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The income forecasting procedure described al lows the 
f orecasting of a mean household income . There are 
s i tuations where an income distr i bution wou l d be useful , 
and in fact, the trip generation procedure described can 
be structured to be applicable t o a c l assif i cation of 
households by i nc ome within a zone . Some work has been 
und e rtaken by FHWA to evalua te a distri bution of income 
relationship wi th mean income . Figure 20 shows the 
results for one SMSA, Read i ng, Pennsylvania . Income has 
been s tructur ed into low, medium and high based upon the 
ranges : under $8 , 000, 8,000 - $12,000 and above $12,000 
respectively . The data points used were by tract . The 
s ource of the da t a was the 197 0 Cen sus of Population 
a nd !lousing PHC( l )- 171 series . 

INCOME RANGE: 

80 
LOW · UNDER $8,000 

LOW MEDIUM · $8,000 • $ 12,000 

70 
HIGIH · ABOVE $12,000 

60 

f- 50 
z 
w 
(_) 40 
er: 
w 
a. 30 

20 

10 
HIGH 

HIGH 

MEDIUM 

LOW 

0 6 7 8 9 10 11 1 2 13 14 15 16 17 18 19 20 

FIGURE 20. INCOME DISTRIBUTION BY TRACT IN LOW, MEDIUM & HIGH INCOME RANGES . 
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APPENDIX B 
A COMPENDIUM OF HOUSEHOLD TRIP GENERATION RATES AND INCOME/AUTO 

OWNERSHIP RELATIONSHIPS 

INTRODUCTION 

The technical transportation planning process has evolved 
into a relativel y complex and sophisticated s e t of procedures. 
Much criticism has been aimed at the fact that this process 
is too cumbersome to provide appropriate answers to planning 
questions within a reasonable time limit . The criticism 
generally is directed at two major problem areas: (1) The 
need to perform updates to the planning process quickly so 
that a continuing long- range planning program is maintained 
and (2) t h e need to provide "overnight" answers to short-
range and project planning questions. 

The simplified trip generation analysis described in this 
manual is intended to help alleviate these probl ems. As an 
additional step, a number of transportation studies are 
moving toward synthesizing internal travel by "borrowing" 
data for certain parameters from other study areas as a 
means of reducing the resource requirements of the planning 
process. Synthesis has been relatively widespread among the 
small urban areas (under 50,000 population) for sometime. 
From recent work by the Federal Highway Administration (FHWA) 
and several States, and as a result of 1970 census data, the 
feasibility of synthesizing urban travel for larger areas 
has become promising. This appendix is included to provide 
basic trip generation relationships following the reconnnended 
approach in this manual. Such relationships (both trips per 
household and income/auto ownership) are intended to serve as 
a supplemental source for comparison with l ocally developed 
relationships or as default or "fall back" relationships for 
synthesis. 

The appendix i s divided into two parts: (1) Household trip 
generation rates based on home interview data, and (2) income/ 
auto ownership relationships . The household rates are based 
on data obtained from transportation study home interviews 
around the country and from published reports. Notes accom­
panying each set of rates give further explanation and sour ce 
information. The user should be cautioned, however, that in 
some cases the rates have not been adjusted for any possible 
underreporting in the individual home interview survey.,~ The 

*The reader is referred to cormnents on adjustments for under­
reporting on page 58. 
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income/aut o-ownership relationships , shown as curves, were 
developed from Part II data in over 70 special Urban 
Transportation Planning Packages prepared by the Census 
Bureau ( 7). The curves have been grouped for easier 
appl ication. 

A third source of trip rate data is a set of individual 
l and use activity trip generation rates from various 
studies around the country (2) . Work along similar lines 
by the Institute of Traffic Engineers will result in 
additional trip rate data based on studies conducted by 
State and local agencies at about 1000 individual sites 
around the country (16). The reader is referred to these 
sour ces for trip rates, particularly non-residential r ates . 

HOUSEHOLD TRIP GENERATION RATES 

NATIONWI DE PERSONAL TRANSPORTATION STUDY 
TOTAL PERSON TRIPS PER HOUSEHOLD 

1969 

Autos 
I ncome + 
0- 2,999 1.1 3. 5 5.5 
3- 3,999 2.2 4 . 8 8.9 
4--::4,999 2.2 5 . 8 9.3 12 .0 
5- 5,999 2.4 5 . 3 7.8 12.3 
6- 7,499 2.8 6.5 8 . 0 10 . 6 

7. 5- 9,999 3.2 7.3 9 . 3 12 . 8 
10- 14,999 2.8 7.0 8 . 7 12 . 1 
15+ 3.3 6.1 10 . 5 13.0 

Note: 1. Tabl e obtained from Report 11, page 56 , Table 26 . 
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CAGUAS, PUERTO RICO, METRO AREA TRANSPORTATION STUDY 1973 
AUTO DRIVER TRIPS PER HOUSEHOLD 

Income 

0 - 1,999 
2 - 3,999 
4 - 7,999 
8 - 11,999 

12 -15,999 
16 -19,999 
20 -22,999 
23 + 

Population - 65,844 

Autos 

2.8 
0.2 2.8 
0.2 2.8 

3.2 
3.7 
4.1 
4.2 
4.2 

+ 

5.2 
5.8 
6.3 
6.9 
7.5 
7.7 
7 . 7 

Note: 1 . Table developed by Urban Planning Division, FHWA 
(Table obtained from Technical Memoranda). 

2. Table developed from data in 11Caguas (Puerto Rico) 
Metropolitan Area Transportation Study Technical 
Memoranda - Trip Generation." 

Income 
0 -. 2,999 
3 - 4,999 
5 - 5,999 
6 - 6,999 
7 - 7,999 
8 - 8,999 
9 - 9,999 

10 -14,999 
15+ 

CHARLOTTE, NORTH CAROLINA 1969 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population - 279,530 

1.9 
2.5 
3. 7 
4.1 

Autos 

4 .9 
5.6 
6 .1 
6.8 
6.8 
7.3 
8 . 2 
8.2 
7.8 

Note: 1. Trips not adjusted for under-reporting. 

+ 
7.3 
7.4 
8 . 9 
8. 7 
9 . 3 
9.2 
9.5 

10.4 
11. 7 

2. Table obtained from Charlotte-Mecklenburg Urban 
Area Transportation Study, Report: Mathematical 
Modeling, North Carolina State Highway Connnission . 
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Income 
0 - 2,999 
3 - 5 , 999 
6 - 7,999 
8 - 9,999 

10 - 14,999 
15+ 

Income 
o - 1,999 
2 - 4,999 
5 - 6,999 
7 - 9,999 

10 - 14,999 
15+ 

DETROIT, MICHIGAN 1965 
TOTAL AUTO- DRIVER TRIPS PER HOUSEHOLD 

Population - 3,970,584 

0 
0.05 
0.07 
0 . 20 
0.22 
0 . 33 
0 . 0 

1 
2.08 
3 . 32 
4.32 
4.65 
5.05 
4.91 

Autos 

FLINT, MICHIGAN 1966 

2 
4,31 
5.25 
6.18 
6.98 
7.40 
8.44 

TOTAL PERSON TRIPS PER HOUSEHOLD 
Population 447,767 

Autos 
0 1 2 

I. 23 4.57 9.22 
2.58 7 . 82 11.28 
4 . 27 9.41 12.05 
4.10 11.54 11. 76 
2.33 10.93 15.04 

13.38 17.91 

Note: 1. Trips adjusted for under-reporting. 

2. No raw data available. 

3+ 
5.50 
9.38 
7. 90 
9.63 

11.35 
11. 34 

3+ 

15.96 
19.00 
20.99 
21. 63 

3. Table obtained from Michigan Department of State 
Highways and Transportation. 
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FRESNO-CLOVIS, CALIFORNIA 
TOTAL PERSON TRIPS PER HOUSEHOLD (EXCL. WALK) 

Population - 262,908 

Autos 
Income + 

0 - 2,999 1.42 6.59 11.44 13.31 
3 - 3,999 2.52 9.68 14 . 03 18 . 58 
4 - 4,999 3. 76 10.59 12.83 10.83 
5 - 5,999 2.10 10.18 17.63 23.44 
6 - 6,999 2.25 10 . 32 14.59 19.31 
7 - 7,999 1. 20 11.84 15.50 21. 39 
8 - 8,999 21.40 14.18 12.85 18.36 
9 - 9,999 7.10 12.11 19.14 16.03 

10 -12,499 13.10 12.46 17.32 22.37 
12.5 -14,999 1. 40 9.25 20.26 25.89 

15 - 19,999 4.00 12. 76 18.99 21.12 
20 -24,999 2.80 14.63 20.11 23.93 
25+ 14. 76 17.98 27.36 

Note: 1. Trips adjusted for under-reporting 

2. Table obtained from California DOT. 

HOLLAND, MICHIGAN 1967 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population 57,300 

Autos 
Income 0 1 + 
0 - 1,999 0.24 5. 83 11. 38 
2 - 4,999 2.87 7.03 14.47 
5 - 6,999 3.14 13.85 16.41 16.63 
7 - 9,999 3.20 15.13 18.19 25.17 

10 -14,999 16.14 19.24 27.38 
15+ 10.50 19.69 22.13 

Note: 1. Trips adjusted for under-reporting. 

2. No raw data available. 

3. Table obtained from Michigan Department of Sta te 
Hi~hwavs anrl Transportation. 
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Income o - 2,999 
3 - 4 , 999 
5 - 6,999 
7 - 9,999 

10 - 15,999 
16+ 

IRON MOUNTAIN, MICHIGAN 1968 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population 21,100 

Autos 
0 1 2 

1. 68 7.60 12.53 
2.65 11.34 17 .26 
6.99 15.43 20.12 

19.47 24.37 
18.06 24.32 
21.13 22.56 

Note: 1 . Trips adjusted for under - reporting. 

2. No raw data available. 

3+ 

26.33 
22.20 
29.65 
28. 74 
27.89 

3 . Table obtained from Michigan Department of StatP. 
Highwavs and Transportation . 

Income 
0 - 1 , 999 
2 - 4,999 
5 - 6,999 
7 - 9,999 

10 - 14 , 999 
15+ 

JACKSON, MICHIGAN 1967 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population 105,970 

Autos 

0 . 86 6.22 9.08 
1.89 9.80 15.06 
2 . 71 13 . 17 16.58 
5. 10 16 ,88 21.24 

18.90 21.42 
20.25 26.12 

Note : 1. Trips adjusted for under-reporting. 

2. No raw data available. 

3+ 

17. 47 
24 . 02 
25.44 
32. 70 
27.41 

3. Table obtained from Michigan Department of State 
Highways and Transportation. 
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MIAMI, FLORIDA (SOUTHEAST FLORIDA REGIONAL STUDY) 1973 
HOME BASED PERSON TRIPS PER HOUSEHOLD 

Family 
Size 

1 
2 
3 
4 
5 

Family 
Size 

1 
2 
3 
4 
5 

Note: 1. 

Income 
0 - 2,999 
3 - 4,999 
5 - 6,999 
7 - 9,999 

10 15,999 
16+ 

(Single Family Dwelling Units) 
Population - 1 ,219 ,661 

Autos 

0 1 2+ 
1.o 2.9 5.6 
1. 9 4.5 5.9 
2.9 6.2 7. 7 
4 . 1 8 . 5 10.7 
5.8 10.2 13. 7 

(Multi Family Dwelling Units) 

Autos 

0 1 2+ 
1.18 2. 75 3.55 
1.75 4.60 5.90 
2 . 80 6.10 8.25 
4.20 7.50 9. 70 
5. 70 10.00 10. 15 

Table obtained from data in memorandum 
12/19/74. 

MIDLAND, MICHIGAN 1969 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population 51,600 

0 
2 . 92 
2 .45 
2 . 98 
9.12 

13.91 

1 
6. 75 
8.51 

12.35 
14.56 
17.14 
17. 72 

Autos 
2 

11. 50 
13.33 
18.06 
18.83 
20.64 
23.62 

3+ 

22.88 
27. 74 
23.56 

Note: 1. Trips adjusted for under-reporting. 

2. No raw data available. 

dated 

3. Table obtained from Michigan Department of State 
Highways and Transportation. 
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MODESTO-STANISLAUS, CALIFORNIA 
TOTAL PERSON TRIPS PER HOUSEHOLD (EXCL. WALK) 

Income 
0 - 2,999 
3 - 3,999 
4 - 4,999 
5 - 5,999 
6 - 6,999 
7 - 7,999 
8 - 8,999 
9 - 9,999 

10 - 12,499 
12.5 -14, 999 

15 -19,999 
20 - 24,999 
25+ 

Note: 1. 

2. 

3. 

Income 
0 - 3,999 
4 - 7,499 

7.5 - 9,999 
10 - 14,999 
15+ 

Population - 106,107 

Autos 

1.17 6.69 10.49 
1. 60 8.25 10.18 
2.38 10.44 10. 82 
5.04 11.17 13.96 
0.52 9.53 16.12 
0.70 9.91 19 . 19 

12.89 16.23 
12.40 13.81 
13.15 16.68 
13.66 18.07 
10.92 17.48 
10.45 16.08 

9.46 17 . 67 

Trips adjusted for under-reporting. 

No raw data available. 

Table obtained from California DOT. 

NEW YORK CITY (TRI- STATE REGION) 1963-64 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Unlinked Trips 
Popul ation 16,206 ,841 

Autos 
0 I 2 

I. so 3. 47 6.49 
3.10 5.39 8.93 
4.31 7.07 10 . 35 
4.73 8.08 10.90 
4.54 9.20 12.11 
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+ 
13 . 56 
14.38 
12.26 
16.15 
18.67 
21.52 
19. 73 
20.10 
19.96 
21.27 
20.66 
24.00 
24.40 

3+ 
15.06 
13.16 
14.01 
13.25 
14.58 



..----------------------------------- --

Income 
0 - 1,999 
2 - 2,999 
3 - 3,999 
4 - 4,999 
5 - 6,499 

6.5 - 7,999 
8 - 9, 999 

10 -14,999 
15 -24,999 
25+ 

PHILADELPHIA, PENNSYLVANIA 1960 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population - 4,021,066 

0 
0. 65 
1. 24 
1.80 
2.30 
2.74 
3.23 
3.66 
4.18 
3.17 
0.56 

1 
2.52 
3.19 
3 . 94 
4.52 
5.33 
5.88 
6.38 
6.67 
6.61 
4.87 

Autos 
2 

5.45 
5.39 
6.36 
6.61 
7.10 
7.81 
8.36 
8.65 
9 . 40 
8.44 

3+ 
5.17 
8 . 64 
8.26 
7.41 
8.83 
9.40 
9 . 89 

10.11 
11. 88 
10 . 74 

Note: 1. TabJ.e obtained from "Interim Report on Trip Generation" 
by Creighton, Hamburg, Inc., July 19, 1974. 

Income 
0 - 2,999 
3 - 3,999 
4 - 4 , 999 
5 - 5,999 
6 - 6 , 999 
7 - 7,999 
8 - 8,999 
9 - 9 , 999 

10 - 12,499 
12.5 -14,999 

15 -19 ,999 
20 - 24,999 
25+ 

SACRAMENTO, CALIFORNIA 1970 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population - 633,732 

Autos 
0 

1.24 4.66 6.00 
2.10 5.30 8.67 
2 .42 6.12 9.12 
2. 75 6 . 63 11.16 
4. 78 7.12 9.26 
3.94 7.61 9.47 
7.00 8.39 9.52 
7. 60 9.67 11.18 
5 . 38 9.16 11.13 
5.11 9.53 12.11 
4. 64 8.77 11. 84 

15.00 10.51 11.54 
6 . 75 9.24 12.00 

Note: 1. Trips adjusted for under-reporting. 

2 . Table obtained from California DOT. 
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+ 
5.40 
8.00 
8 . 50 

10.71 
12.14 
12.11 
12.80 
14.07 
15.41 
17.01 
16.32 
15.53 
13.62 



SALINAS-MONTEREY, CALIFORNIA 
TOTAL ·PERSON TRIPS PER HOUSEHOLD (EXCL. WALK) 

Population - 62,456 

Autos 
Income 
0 - 2,999 1.13 5 . 24 9.51 
3 - 3,999 2.08 7.66 10.67 
4 - 4,999 2.25 8 . 21 11. 31 
5 - 5,999 2.32 8.59 16.90 
6 - 6,999 2.42 9.34 11. 81 
7 - 7,999 1. 80 11. 76 15.75 
8 - 8,999 4. 69 10.36 13 . 81 
9 - 9,999 4 . 04 11. 70 16 . 37 

10 -12,499 4.20 11. 59 18.91 
12 . 5 -14,999 12.87 16.99 

15 -19 , 999 10.42 15.19 
20 - 24 , 999 10.72 16.81 
25+ 10.37 15.25 

Note: 1. Trips adjusted for under-reporting 

2. Table obtained from California DOT. 

Income 
o - 4,999 
5 - 6,999 
7 - 9,999 

10 - 14,999 
15+ 

Income 
0 - 4,999 
5 - 6,999 
7 - 9,999 

10 - 14,999 
15+ 

SAN ANGELO, TEXAS 1964 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Popul ation - 63,884 

0 
1 .1 
3.6 
5.0 
6.3 
7.0 

1 
5. 8 
8.6 

10.0 
10.8 
11. 5 

Autos 
2 

9.6 
11. 7 
12 . 7 
1 3 . 6 
13.9 

TOTAL AUTO-DRIVER TRIPS PER HOUSEHOLD 

Autos 
0 

0.3 3.7 6.6 
1. 7 5.6 8 . 1 
3.0 6 . 8 9 .1 
4.3 7 . 5 9 . 9 
4.8 8 .1 10 . 3 

+ 
12.35 
17 . 20 
12 .40 
23 . 36 
24 . 57 
26 . 93 
21. 79 
15.80 
23.26 
30. 67 
24 .18 
25 . 68 

3+ 
15.3 
15.9 
16.6 
17.6 
17.8 

25 . 49 

3+ 
11. 3 
12.3 
13. 1 
14.0 
14 .2 

Note: Tables obtained from Technical Report dated October 1974. 
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Income 
0 - 2,999 
3 - 3,999 
4 - 4 , 99 9 
5 - 5,999 
6 - 6,999 
7 - 7,999 
8 - 8,999 
9 - 9,999 

10 -12,499 
12.5 -14,999 

15 - 19,999 
20 -24, 999 
25+ 

Note: 1 . 

2 . 

I ncome 
0 - 4,999 
5 - 6,999 
7 - 9,999 

10 -14,999 
15+ 

SAN DIEGO, CALIFORNIA 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population - 1,198,323 

Autos 
0 1 2 

1.10 3.58 7.36 
2 . 14 4. 98 8.59 
3.12 6.34 9.56 
2.75 6. 79 10.21 
1. 70 6.88 10.64 
1 . 73 8.35 11.85 
2.21 8.15 13.22 
3.38 8.23 12.56 
1.75 9.17 12 . 84 
1.31 8. 77 12.65 
1. 55 9.61 13.14 
5.71 8.00 13.66 

8.05 15.81 

Trips adjusted for tmder-reporting. 

Tabl e obtained from California DOT. 

TEXARKANA, ARKANSAS-TEXAS 1965 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population - 58,570 

Autos 
0 1 2 

2.2 7.0 10.4 
3.4 9.0 11. 9 
4.6 10.8 13.4 
6.0 13.0 15. 7 
6.4 14.0 17.2 
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3+ 
8.88 

12 . 14 
15.90 
12.90 
12.10 
15.04 
16.46 
14.28 
16.56 
17 . 10 
30.60 
19.04 
14.64 

3+ 
12.2 
13. 7 
15.0 
17.0 
19 . 0 



TEXARKANA (CONTD.) 
TOTAL AUTO-DRIVER TRIPS PER HOUSEHOLD 

Autos 
Income + 
0 - 4,999 0.1 4.0 7.0 8.3 
5 - 6,999 0.6 5.4 8.3 9.9 
7 - 9,999 0.9 6.6 9.4 11. 4 

10 - 14,999 1. 6 8.2 11.1 13. 2 
15+ 2.0 9.3 12.2 15.4 

Note: 1. Tables obtained from Technical Report, October 1973 . 

Income 
0 - 1,999 
2 - 4,999 
5 - 6,999 
7 - 9,999 

10 -14,999 
15+ 

TRAVERSE CITY, MICHIGAN 1966 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population - 23,100 

Autos 
0 I 2 

0.61 6. 70 11.49 
1. 56 13.22 14.21 
4.47 16.97 21.09 

20.48 25 . 90 
20.30 26.82 
18. 78 30.57 

Note: 1. Trips adjusted for under- reporting. 

2. No raw data available. 

3+ 

26.90 
39.28 
32.11 
37.62 

3. Table obtained from Michigan Department of State 
Highways and Transportation. 
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Income 
0 - 2,999 
3 - 3,999 
4 - 5,999 
6 - 7,999 
8 - 9,999 

10 -11,999 
12 -14,999 
15 -19,999 
20 -24,999 
25+ 
Note: 1 . 

2. 

Income 
0 - 4,999 
5 - 6,999 
7 - 9,999 

10 -14,999 
15+ 

Income 
0 - 4,999 
5 - 6,999 
7 - 9,999 

10 -14,999 
15+ 

Note: 1. 

WASRINGTON, D.C. 1968 
TOTAL PERSON TRIPS PER HOUSEHOLDS 

Population 2,481,489 

Autos 
0 1 2 

1.29 2. 70 5.14 
1.58 3.02 4.63 
2.16 3.88 6.17 
2.47 4.64 6.78 
2.97 5.04 7 .29 
3.28 5.37 7 .61 
3.50 6.18 8.04 
4.12 6 . 10 8 .16 
3 . 04 6.12 8.59 
2.42 5.32 8.85 

Trips not adjusted for 1.mder-reporting. 

:3+ 
5.08 

14.33 
9.78 

10.03 
10.09 
10.58 
10.74 
11.22 
10.88 
11. 32 

Table developed by Urban Planning Division, FHWA. 

WICHITA FALLS, TEXAS 1964 
TOTAL PERSON TRIPS PER HOUSEHOLD 

Population 97,564 

0 
3.6 
4 .1 
5.0 
5.4 
5.4 

1 
6.4 
9. 7 

11.1 
11. 4 
12.9 

Autos 
2 

11. 6 
12.9 
14.6 
15.6 
16. 2 

3+ 
17.7 
18.5 
19. 2 
20.1 
20.5 

TOTAL AUTO-DRIVER TRIPS PER HOUSEHOLD 

Autos 
0 1 2 3+ 

0.6 3.9 7.4 12.2 
1.3 6.0 8.4 13.0 
1. 7 7.0 9.7 14.0 
2.1 7. 7 10.5 15. 2 
2.3 8. 7 11. 6 15.8 

Table obtained from Technical Report, January 
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INCOME/AUTO OWNERSHIP RELATIONSHIPS 

The following curves were developed from data in over 70 
special Census Urban Transportation Planning Packages for 
various cities across the country . The curves were hand­
fitted and smoothed through the data points availabl e 
from the cross-tabulation in the census packages. The 
data points have, however , been left on the pl ots. 

To facilitate their use, the curves have been grouped 
first by urbanized area population in the following 
categories: 

50,000 - 100,000 
100,000 - 250,000 
250,000 - 750,000 
750,000 + 

The curves were then arrayed (low to high) by urbanized 
area density (population per square mile) within each 
population grouping. A listi~g of each area with densities 
in population groupings is given in Table 22. 

Other factors in addition to density and population should 
be considered in choosing the appropriate curve. These 
would include the type of metropolitan area (commercial or 
industrial, relative per capita income, blue collar/white 
collar split of employment, etc.r , location of the area, 
age of the area, etc. 

The following symbols are used throughout this set of curves: 

0 cars= 0 
1 car = 6. 
2 cars = X 

3+ cars = 0 

Urbanized area population and density is shown on each curve. 
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Tahle 22 
Income/Auto Ownership Rel ationships­

Ci t i es Sorted by Population and Density 

Popul ati on 
50,000-100,000 

Gadsden, Al . 
Fitchburg-

Leominster, Ma . 
Highpoint, N. C. 
Mansfield, Oh . 
Santa Rosa , Ca. 
Hamilton, Oh. 
Salem, Or. 
Lima, Oh. 
Billings, Mt . 
Bay City, Mi. 
Great Falls, Mt. 
Dubuque, Ia. 
Johnstown, Pa . 
Fargo-Moorhead, 

N.D.-Mn. 
Springfield, Oh. 
Altoona, Pa. 
Lafayette-W. 

Lafayette, I n . 
Salinas, Ca . 

100,000-250,000 

Lorain-Elyria , Oh. 
Kalamazoo , Mi. 
Raleigh , N.C. 
Winston-Sal em , N.C . 
Oxnard-Ventura, Ca . 
Columbia, S.C . 
Greensboro , N. C. 
Savannah, Ga . 
Brock ton, Ma . 
Spokane , Wa. 
Madison , Wi. 
Lancaster, Pa. 
Harri sburg, Pa. 
Bakersf i el d, Ca . 
Modesto, Ca. 
Lansing, Mi. 
Canton , Oh. 
York, Pa. 

Density 
(Persons 

Per 
Sq . Mile) 

1 ,231 

1,282 
1,789 
1,883 
1,969 
2,385 
2,510 
2,593 
2,643 
3,014 
3,232 
3,432 
3,444 

3,560 
3,742 
4,061 

4, 172 
4 ,183 

1, 812 
2 , 082 
2 , 136 
2,171 
2,188 
2 ,348 
2 ,495 
2 ,557 
2,812 
2,964 
2,97 7 
2,998 
3,084 
3,090 
3,108 
3,145 
3,169 
3,346 
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Stockton, Ca. 
Santa Barbara, Ca. 
Eugene, Or . 
Ann Arbor , Mi . 
Erie, Pa . 
Reading , Pa. 

250,000- 750,000 

Mobile, Al. 
West Palm Beach, Fl. 
Springfield- Chicopee-

Holyoke, Ma . 
Grand Rapids, Mi. 
Birmingham, Al 
Sacramento , Ca. 
Akron, Oh . 
Tucson, Az . 
Fort Lauderdale, Fl. 
To l edo, Oh. - Mi. 
Day ton , Oh. 
Youngstown-Warren, Oh . 
Austin, Tx. 
Omaha, Ne. 
Fresno, Ca. 
Wilmington , De. 
Louisville, Ky. 
Honolulu, Hi. 
Trenton , N. J. 

750,00o+ 

Atlanta, Ga. 
San Diego, Ca . 
Providence, R.I . 
San Jose, Ca. 
St. Louis, Mo.-11 . 
Miami, Fl. 
Buffalo , N.Y. 
Chicago, 11. -In. 
Philadelphia, Pa. 

3 ,410 
3 , 510 
3 ,672 
3 , 968 
3,987 
4,086 

1,534 
2,114 

2,159 
2,416 
2,478 
2,592 
2,660 
2,801 
2,894 
2,937 
3 , 062 
3,070 
3,076 
3 , 262 
3, 330 
3,376 
3,521 
3 ,846 
4 ,2 12 

2,695 
3,141 
3,259 
3,703 
4,085 
4,710 
5 ,079 
5,254 
5,346 
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POPULATION 100,000-250,000 
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APPENDIX C 
TRAVEL FORECASTING 

The pr ocedures outlined in this manual are oriented to 
providing estimates of trip ends under varying socio­
economic conditions. It is clear, however, that the 
number of trips produced in an area does not give a 
complete picture of the total travel demand for the area. 
Other elements in the forecasting process must be brought 
into play in order to obtain estimates of trip destination, 
mode, and route choice, in addition to the trip frequency 
obtained from the trip generation el ement. 

In the course of activity in a transportation study these 
other aspects of travel demand estimation will normally 
follow the trip generation anal ysis and it is not until t h e 
end of the model sequence that a meas ure of travel can be 
obtained. It is important , therefore, to be able to cons i der 
quickl y and early the impact of total travel, as measured by 
vehicl e miles. Vehicle miles of travel ·(VMT) is a useful 
measure, in addition to trip production , to gauge the impact 
of varyin g conditions and combinations of pol icy alternatives . 

With cur rent concerns over energy consumption and restricti ons 
on travel, qu ick estimates of the extent of travel under 
different alternatives is necessary. The relationship of 
travel to socio- economic indicators has been shown (23) . 
Recent experience and study has shown that income and auto 
ownershi p are two of the strongest indicators of trips and 
travel in urban transportation studies. The rel ationship 
between income and car ownership shows a high degree of 
stabil ity across urban regions based on individual urban 
origin- destination study data as well as data from the 1970 
census (24 ) . This was demonstrated in Figure 9, page 36 
and in Appendix B. The same rel ationship, based on a nation­
wide sample, also shows similar characteris t ics (25). The 
interaction between sampled household income and auto owner­
ship is shown in Figure 21 . One of the main attributes of 
the relationship is that it incorporates the effects of auto 
ownership saturation, and the attendant effect on travel , 
beyond certain income r anges. Travel forecasts have often 
been made based on population, income, or vehicle registra­
tions, but not often incoporating the combined effects of 
varying auto and income levels at the same time. Nor have 
forecasts of VMT often been made directly from. estimates of 
future socio-economic levels i n transpo r tation studies . It 
is fel t , however, that this is an important phase of the 
techni cal process and could serve several val uable purposes. 
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VMT is made-up of trips produced and their length. By 
assuming an overall average trip length for the study area 
(either known or 11borrowed11 from another, and similar, area) 
and estimating area wide VMT through a forecasting technique, 
an independent check on trip generation (either base year or 
forecast year) is available early in the forecasting process. 
In addition, VMT can be derived from trip lengths (in terms 
of miles "skimmed" off the base year or forecast year network 
for each trip origin-destination pair) times the number of 
trips between the respective origin and destination. Thus, 
two benchmarks are available (one as a forecast based on 
socioeconomic data, and one resulting from alternative system 
configurations) which will aid the analyst and decisionmaker 
in dealing with policy considerations. By varying either 
assumed trip length or trip production, an estimate of the 
resultant regional travel is available for alternative policy 
consideration. A third variable (auto ownership) is available 
when the auto ownership model is used as described previously. 

For application the income-auto ownership relationship would 
be developed for the individual study area as described in 
the section in the text on "Auto Ownership Model," using 
survey data or could be "borrowed11 from another area. The 
1970 census curves make an excellent source for this model 
(see Appendix B for representative curves). A third altern­
ative would be to use the relations hip shown in Figure 21 
based on the Nationwide Personal Transportation Study (1969-70). 

Income could be forecast as outlined in Appendix A. Once a 
future year projection of the income distribution is established 
it would be divided into quintiles, each quintile representing 
20 percent of the households as shown in the figure below: 
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Median income values for each. quint ile would be picked off 
the distribution curve and used to enter the auto ownership 
model t o determine the percent households by auto owners hip 
within each income category . The resul t would be a matrix 
simil ar to the one below : 
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Total households in each cel l would be ob t ained by multiply-
ing the percent households in each cell by the total households 
in each quintile (20% of the total forecast households for the 
s t udy area) . 

Ideally VMT/H.H. by auto ownershi p and income category devel oped 
from i ndividual transportation study data would be applied to 
the household values obtained from the matrix in Figure 23. 
As mentioned previous l y, however, it is not likely that VMT 
per household information will be availabl e from individual 
transportation study-home interview data for model development. 
Theref ore, exi sting relationsh ips from other sources could be 
"borrowed" for the purpose of a rough overall travel estimate . 
Again, the NPTS offers such a source as seen in the fol l owing 
tab l e for average weekday VMT/HH (25 , 28): 
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Plotted, the r e l ationships are seen in Figure 24. Whil e 
the income categories will probabl y not be identical to 
those developed by quintil e previously (Figure 23), 
VMT/H.H. values can be read off the curves in Figure 24 
at the appropriate income values. 
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It is felt that VMT estimation by this procedure wil l provide 
the analyst with an adequate tool to test the impact of 
alternative assumptions of auto usage and economic l evels 
at a regional scale. Additional detail and specification of 
relationships would have to be introduced in order to apply 
this technique to any scale other than an overall regional 
level. Additional work along these lines is planned by the 
Federal Highway Administration, and through surveys being 
planned* or underway, additional information will be available 
concerning the characteristics of household travel to add to 
existing data. 

The results of applying the VMT forecasting procedure as a 
national travel estimating technique demonstrates the applic­
ability of such a tool (23). The cross-classification 
procedure utilized the latest national census projections 
of income distributions and the basic income- auto ownership 
relationships (Figure 21) and travel per household based 
on the NPTS. The forecasting procedure (assuming Series E 
population growth and 3.0 percent compound annual income 
growth) applied to 1970 and 1990 resulted in a 2 . 5% annual 
compound growth rate in vehicle miles of travel between 
these two years. This is compared to a "medium" growth 
rate (2.6%) based on estimates of licensed drivers** and 
2.4% annual growth rate based on the aggregate of individual 
estimates from the States for the Interstate Cost Estimate 
as modified (23). 

·k'J<'or example a second nationwide travel survey is being 
considered for 1976-77 and the Annual Housing Survey sponsored 
by the U. S. Department of Housing and Urban Development wi ll 
provide information on household trip lengths. 

**Highway Statistics Division, FHWA, June 1974 . 
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APPENDIX D 
FLOW CHARTS OF PRACTICAL APPLICATION 

OF TRIP GENERATION 

The following flow charts and their descriptions illustrate 
the steps involved in the practical development and application 
of trip generation models. Flow Chart I is the development 
of household and trip data from an origin- destination survey. 
Flow Chart II is the application of these models using zonal 
forecasts of social- economic data (obtained from land use 
models). 
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A. Both household and trip 
r ecords must be sorted 
by a unique s ample nw:iber. 

8 . £ach household's trips are accumulated 
by From and To purposes and collapsed 
into production- attraction format . 
These trips ore then appended t o the end 
of t he household data. 

C. , D. Usi ng categories of annual household income and autos ovncd (i.e. O,1, 2,J+) deve lop two matrices: 
(c) Count of households falling in each cell , then divide each cell by its within i ncome category total to get 

% househol ds wi thin i ncome cat egories. (See note .below} 
(d) Count of trl~s made by households in each cell, then divide each cell by the number of households in 

matrix (c} above t o get tot al person trips per household. (Sec note below) 
E. Using annual household income and trip purpose d ata from the trip records (e .g ., HB work, HB shop , liB other , Ntt.B) 

develop ~ matrix of counts of trips for ench cell nnd divi de each cell by its wlthin-1ncome-cnt egory tot al to get 
% trips (of total) by purpose by income category. (See note below) 

NOTE: Each matrix (C,O,E) above is plotted and smooth curves drawn. A new matrix is developed from t he smooth curves 
which ls used to solve for future es t lmates . 
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NOTE: Only two variables are forecast for 
each zone (average annual househol d income 
and total households ) therefore cach zo11al 
dat a set is divided into four part s t o 
match t he 3utos owned cat egories (O,l, 2 , 3+). 

F. Enter the % households curves four 
times for each zone (once for each 
auto category) . The output is per cent 
households owning 0,1,2 , & 3+ autos . 
Multiply% households by total number 
of households in the zone. 

G. Enter total person trips per household 
curves with t he number of households in 
each auto owners hip category (P) . Output 
i s total person trip production for each 
zone. 

H. Sum the four auto categories to obtain 
total person crips per zone. 

I. Enter % trips by purpose curves for each 
pur pose category to ge t total t rip 
productions by purpose. 
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