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A new urban travel/land use model will be available for policy analysis in late 1981. 
Unlike conventional models, the UMOT uses a multi-loop feedback design in which 
all travel component~ interact simultaneously, producing many outputs from few 
inputs. The usual costly calibration to observed choices is completely elimimated 
by the use of constraints that are transferable over time and space. Having very 
modest data needs, the model has been programmed on an Apple II microcomputer. 
Both daily and hourly (24 hour) travel are computed interactively. In its finished 
form, the model will also compute land use interactively wlth travel. Transparency 
and user interaction are provided by self-contained instructions, graphic displays 
and alpha-nwneric readouts. Presented here, in addition to a description of the 
model, are several examples o,f policy analysis involving automobile costs, transit 
fares and transit speed. 

A. The UMOT Model Description 

1. The development and application of the UMOT model as a policy analysis tool 
is being sponsored by the Research and Special Programs Administration with 
the cooperation of UMTA, FHWA and FRA, It has been conceptualized and 
developed by Yacov Zahavi of Mobility Systems, Inc.* 

The principal advantages to the user are a) far more realistic representations 
of urbarl travel and Jand use, including their interactions, than are available 
from conventional approaches, and b) a model that is not data hungry, does 
not require calibration to the observed choices, and can therefore be run 
quickly and inexpensively on a low-priced microcomputer. 

2. Among the unique features of the UMOT model are: 

0) All components of travel such as car ownership, travel demand and 
mode choice are unified under one operating mechanism, and not 
determined separately by independent submodels as in conventional 
approaches. This single mechanism ensures consistency among all parts 
of the model. 

2, AU model components are llnked through behavioral and physical 
constraints which have been found to be transferable over time and 
space. this means that the model's outputs are never calibrated to 
observed choices; the outputs are compared to observations for the 
model's validation, not calibrated to them. 

* Mobility Systems, Inc. 
7304 Broxburn Co..-t 
Bethesda, MD 20034 
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(3) The model computes hourly travel over the day, by mode and by trip 
purpose. This is linked to constraints on average daily travel to main
tain consistency. 

(4) There are no assumptions about unilateral causality. In the UMOT 
model all travel components are linked in a feedback process, and thus 
can be either cause or effect, depending on the step of the analysis. 

3. In the fully completed form the UMOT will handle information in at least five 
dimensions: household number and size, income distribution, travel modes, 
time of day, and spatial location. In addition the model will be dynamic so 
that the time trajectories of change can be explored. 

In its present stage of development the model integrates the first four dimen
sions. The spatial dimension (and therefore land use) is now under develop
ment and the model contains no dynamics, as yet. Even so, with prudence 
and understanding the model shows great power even now to indicate the 
effects of both policy actions and external factors such as gasoline price. 
Further improvements, even in the dimensions now modeled, are planned. Its 
application to intercity travel ls also being undertaken. 

' 
4. The model is capable of exploring the effects of both policy actions and 

external factors. Typical issues, some of which may involve both policy and 
external factors are: 

(I) Changing bus fares. 

(2) Changing bus speeds. 

(3) Introducing (or curtailing) rapid transit. 

(4) Changing car costs through tolls, parking fees, taxes, etc. 

(5) Auto use restrictions. 

(6) Road network expansion or closings. 

(7) Changes in household income, or income distribution. 

(8) Change in household size. 

(9) Changes in population. 

(JO) Changes in the price or availability of fuel. 

(ll) The effects of policy or external factors on fuel consumption. 

(12) The effects of policy or external factors on the hourly distribution 
of travel. 

:S. The model has a number of built-in relationships that were fowid to be trans
ferable both between cities and over time. The first four of these are be
havioral, and the last two physical. 
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(I) The average daily travel time per traveler. This is the so-called "time 
budget". However, it is not a constraint, but rather a statistical 
relationship having a mean that is a function of travel speed and a 
stable coefficient of variation. 

(2) The average daily travel money per household, the "money budget". 
Again, this is a relationship that is a function of income and car owner
ship. 

(3) The average number of travelers per household, as a function of house
hold size and car ownership. 

(4) The threshold of car daily travel distance which justifies owning a car. 

(5) The unit cost of owning and operating a car. This is a function of many 
factors, including average travel speed and the initial cost of the car 
(from FHWA records). 

(6) The speed/flow relationships for road categories. 

6. The model requires rather few inputs, while its outputs are many. 

The inputs are: 

0) The number of households and the household sizes in the urban area 
under investigation. 

(2) The income distribution of households by income group. Any number of 
groups can be handled but for purposes of policy exploration five groups 
are typical! y used. 

(3) The unit costs of travel by mode. At present the model handles three 
modes, but the capability for a greater number will be incorporated. 

In addition, the number of miles of road network can be accepted as an input, 
or it can be derived as an output, depending on the particular policy explora
tion being performed. 

The model is now programmed to give the following outputs: 

(I) Car ownership per household by income group. 

(2) Proportions of households owning O, l and 2+ cars within each income 
group. 

(3) Class of car purchased by income group. 

(4) Number of travelers per household. 

(5) Daily travel distance per household, by mode. 
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(6) Modal split by passenger travel distance. 

(7) Network travel speed. 

(8) Door-to-door traveJ speed by income group. 

(9) Minimum and maximum network sizes for which travel budgets can be 
fully utilized. 

(JO) Daily travel time and money expenditures per household and per tra
veler by mode, and hence also the expected revenues for public trans
port systems. 

(II) Daily trip rate, trip distance and travel time by mode and by trip pur
pose, per average traveler and per household type. 

02) Hourly person trip rate, distance, time and speed by mode and by trip 
pw-pose. 

(13) Hourly car trip rate, distance, time and speed by mode and by trip 
purpose. 

(14) Hourly person and vehicle total travel distance and travel time (PMT, 
PHT, VMT, VHT), by mode. 

(15) Car occupancy rates by trip purpose. 

(16) The spread of peak hour travel into peak period travel W"Jder congested 
conditions. 

(17) Daily and hourly fuel consumption, by mode, per household type. 

It is important to lD'\derstand that these outputs are all functions of the in
puts. In general, all outputs will vary as any one of the inputs is changed; 
e.g., the -unit cost of travel (gasoline price), the speed of travel (new free
ways or subways}, income distribution, number of households, or household 
size. As the model is developed further, an even greater number of outputs 
will be provided. 

Furthermore, the inherent structure of the model plus the generous use of 
computer graphics enables the user to see the step-by-step process of conver
genc;e, thus making the model transparent as opposed to the typical "black 
box". In its present form it is programmed on an Apple II microcomputer. 

7. The steps of the UMOT urban travel process, in a simplified way, are: 

(I) - The daily spatial and economic opportunities per household, presently 
represented by the daily travel distance, are maximized within the 
travel time and money constraints by the optimal combination of avail
able or planned modes; 



5 

(2) The demand for car travel distance generates car ownership; 

(3) The assignment of the estimated number of cars on the road network 
results in new unit costs of travel, which are then introduced as new 
inputs and 

, 

(4) The process ls iterated lDltil the outputs of consecutive runs converge 
to preferred levels of accuracy. 

For instance, convergence is reached in examples that follow when the values 
of two consecutive interations are less than: (i) a speed of l kph for door-to
door speed, (ii) 0.05 cars per household, and (iii) one percent in the total 
number of cars. Even under such strict requirements convergence is very 
fast. 

8. The ranking of choices within the UMOT's algorithm is: 

0) Car ownership, to satisfy the demand for car travel; 

(2) Class of car below, at, or above a standard compact car. The UMOT 
model produces a continuous range of car costs, to signify different 
classes of cars, such as second-hand cars, standard new cars, or expen
sive new cars. Thus, households at different income levels and travel 
conditions can still satisfy their travel budgets by operating different 
classes of cars; 

(3) Road network: when the households' travel parameters cannot reach 
convergence at an assumed road network (either too high or too low), 
the road network is adjusted automatically until convergence is reach. 

Thus, the planner or policy maker can start with two extreme assumptions of 
road networks, and find the range of networks that would satisfy the travel 
system under given household characteristics and travel costs. Examples of 
this process are detailed below. 

9. Since car ownership is an integral part of the UMOT model, the outputs of 
the model should be regarded as representing medium and long-term house
hold decisions. For example, continuous increases in car travel costs would 
not necessarily result in a shift from car to transit travel as long as 
households would shift their preferences from large, gas-consuming cars to 
small gas-efficient cars. 

The UMOT model is sensitive to such issues, and it can assist the policy 
maker in the evaluation of a wide range of alternative options. Several 
examples follow. 
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B. The UM.OT Ur"ta.11 Daily Travel Models Sil!lplified Numerical Illustrations 

1. Introd':lction 

One way of showing the power of the UMOT model 1s by very simple Ulus
trations, In the followl.ng eltalllples a hypothetical city of 100,000 
households 1s :represented by two income groups, medium-high and medium.
low. Identi:fied. respectively as groups I and II, they have average 
incomes of$ 35,000 and$ 15,000, For f\lrther simplification, all 
households are assumed. to have three members. The model ruris that fol
low show how the output variables react to various changes in the 
characteristics of the transportation system. 

Since in its present stage of development the UMOT. can dea.l with three 
modes s1.mul taneously, the three modes in the folloWing examples are car, 
.12l!§_ and .!!!ll• (As ..alking is found to be a relatively small proportion 
of travel, it can be replaced by another mode, such as rapid transit.) 
Subsequent development of the UMOT model will allow the simultaneous 
ad.di ti.on of several more mod.es. The unit costs of the three modes in 
the 1..'ll.tial runs are those of 1979/80. 

2, The I~itial Runs 

The i.~1 tie.l runs of' the UMO'I' model are designed to find the range of 
roaj, networks that would satisf'y convergence of the travel system. 

Table 1 shows the l:e.sic outputs of these two runs: starting the analysis 
.-1th a very small arterial road network (10 km length) results in a mini
I!:.ui:.: reg,'J.1.red length of 265 km, while starting with a very large arterial 
roa.d. network (1,000 km length) results in a maximum useful length of'. 
492 km, Na.mely, 285-492 km 1s the range Within ,au.ch the two household 
groups can reach equilibrium (Le., utilize their two travel budgets to 
thei=' full effect). All subsequent runs were made for an intermediate 
road network, 3.50 km in length, and the first run is sho'Wil in Table 1. 

As expected., car o'Wl'lership levels, total travel distance, a.nd speeds, all 
increase with increases in the length of' road network. However, there 
a.re e.lso several results which s~ggest a better insight into the travel 
system1 First, high income households can take better advantage of an 
increased road network, increa.si~g both their car ownership levels and 
total travel distance appreciably more than low incom~ households. 

Second, and contrary to conventional beliefs, congested travel conditions 
do not necessarily result in increases in bus travel; it is rather bis 
travel which suffers first. Since the total daily travel distance per 
household decreases when congestion increases, bus travel becomes even 

. ·less attractive than before, a.nd 1s the first to suffer a loss of travel 
(1todal split in the \JMOO' model is measurei by travel distance, and not 
by trips). 

U..stly, \lhen speed increases, ar.d. high income households increase their 
cu o'W'!lership levels, the car factor (representing car cla.ss) decreases, 
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signifying an increased prcporti::m of less expensive cars_, Conversely, 
under congested travel conditior.s car oll?lership levels"'"'S:o down for all 
income groups, resulting 1n high income households purchasing less cars 
of a highex quality; e,g,, in highly congested Manhattan the rich buy 
few l:ut expensive cars. 

Figure 1 shows the iterations of the 'ta.sic ira.vel components for ea.ch 
.income group until converge:1ce is reached: cars per household, car fac
tor, road network length, and network and door-to-door speeds, The 
convergence steps a.re done at tw::> levels, convergence for each sepa
rate household group, and convergence for all household groups together, 
It should be noted that the nu.:"llber of iterations can be reduced appre
ciably by relaxing the cond.1tior.s for convergence. 
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3. !°hc~ea.ses in Car Travel Costs 

Figures 2 to 7 show some of the effects of' increases in car travel costs 
on the various travel components. It 1s to be noted that the diagrams 
display partial results of a complex system and. 1 therefore, they have to 
be interpreted simultaneously. Car travel cost should be interpreted as 
being relative to household income. In this simple illustration income 
has been held constant, therefore absolute and relative costs are the 
same. 

Figure 2 shows that cars per household decreases monotonically fcir the 
low income group. Of special importance 1s the appearance of a ·critical 
threshold, at about +60 percent increase in car travel cost, after which 
car O'Wllership levels dxop sharply. Cars per household for the high in
come group show mixed results (suggesting an indeterminate trend in the 
car market), which are affected by several factors: a decr!!,ase in the 
number of cars belonging to the low income group (as shown in Figure J) 
thus increasing network speed.1 Which compensates in part the increased. 
car travel costs; a decrease in the required road network, as shown in 
Figure 4; and changes in mode choice, as shown in Figures 6-7. 
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Figure 3 shows that the total number of cars using the road network dec
reases monotonically, although with fluctuations. Thus, there is less 
demand for the road network, as shown in the next figure. 
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Figure 4 shows tha.t the use of the avallaile road network decreases, 
thus suggesting redistribution of travel 'Datterns: e.g,._ shorter shop
ping trips and less trips for social-recreation purposes, or even chan
ges in residence-job locations. 
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Figure 5 shows that appreciable changes in the car factor become apparent. 
'lbese changes suggest a significant change in household choices associated 
With car classesi a shift to~-ard.s smaller and more gas-efficient cars. 
The highest :rate of choice-change 1s notec. for the high income group; 
these households have liider r--~e for, am:. more flexibility in, changing 
their choices than low income households. 
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Figures 6-7 suggest that s1gn1f'1cant changes in modal choices are 
expected. for low income households, a significant loss of car tnvel, 
w1 th only a marginal increase 1n b.1s travel: &1 together there is a loss 
of tn.vel, which emphasizes that mod.al shifts by trips, conventionally 
regarded as a one-to-one transfer, may convey a false, too optimistic, 
shif't to b.is travel. The modal choices of high income hoU:seholds, on 
the other hand, are lB.rely affected.. 
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llflUT• 8 rev"'-1s part of the explanation of the loss of .i:ravel by low 
income househ::lC.s, a transfer from car to bus travel results in a 
reduction of C.oo::--to-door speed, which then inhibits txavel. The door
to-door speed. of high income households, on the other ha.nd, is 't:axely 
affected, 

15 

8, SPEEO 0-0 lJS. C.tR. COST 

I 

4. Decreases in ?-.1s Fares 

Following are so:::ie sample policy analyses. 

Figure 9 shows the effects of bus fare reductions. The conventional 
consensus is t~t the demand function for bus travel 1s negatively 
sloped, namely that a decrease in bus fares should result in increased 
bus travel, a:-..1 vice versa. Indeed, short term observations tend to 
support a nega.tively sloped demand function, although an inelastic one. 

The UMOT mode2., being a medium and long-term model, suggests resu1ts 
, which, at :f!.rst sight, appear to be counterintuitive. Figure 9 sug-
. gests that a. C.ec:rease in bus fares, doW'Il to zero fare (free bus travel) 

increases ca.r ow:le=ship levels for low income households, as well as 
decreases the :ie.:aa..,_d for bus travel. 
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ln this case the "Giffen effect" becomes apparent, a decrease 1n the 
price of an 1nf'er1or good allows the consumer to divert monies to a 
superior - though more expensive - good; e.g. 1 repeating the classical 
example, 1f potatoes become very chea.p, or completely free, a low in
come household would purchase 1n the long run more steaks -- not more 
JiOtatoes. The CL.~en effect, however, depends on several f'a.ctors, 
including the initial consumption quantities of inferior vs. superior 
goods, Indeed, Figure 9 suggests that the high income households are 
.indifferent to changes 1n bus fare:s; 1 t is the low income group \allch 
benefits f'rom lower bus fares, by employing the money thus made avai
lable to enable some of the members of the household to travel by the 
(superior) car, · 

(Note~ The short-tenn increase 1n the number of bus passenger$ when 
bus fa.res decrease substa."ltially is due mostly to a transfer from wa.lk-
1ng to bus travel, as well as an increase of' s1gh,f;:see1ng trips, a.nd 
trips by the disadvantaged. The latter category of travel can also be 
accomod.a.ted by means other than a general reduction· 1n bus fares.) 

.5. Increases in :Bus Speeds ; 

Low bus f'a.re is the superior qua.11 ty of' bus travel, while low speed 1s 
its inferior quality. Thus, improving its already superior qua.lity -
f'ares - does not seem to be the way to attract travel to buses. How
ever, improving its inferior quality - speed - appears to have the 
desired effect. · 

Fig,.1re 10 suggests that increases in bus travel speeds make buses a 
partial substitute for car travel for low income households, thus 
lowering their caz- ownership levels. High income households, on the 
other hand, are a.....:-rected only marginally, a.nd in the opposite d..irec
tion; less cars of low income households on a given road network re
sults 1n increased travel speeds and, hence, increa.seQ. car o-wnership 

, levels for hiU, income households. Thus, lfflile improving transit 
patronage, increasing bus speeds may be a mixed-blessing from the 
5U:.nQ.point of', say, energy consumption. 

(Note: The effects o:f a rapid transit system on travel will be ana
lyzed and reported in the future,) 

Z.0 10, CARS,•HH US. BUS SPEED 

l . II 

1. 6 I 
C 1. 4 

~ 1.Z 
s 1. 0 ,,. 
~ .e 

II 
-""'f-:-•-··--··------·--·--1----·····---··--···-·----t-

.6 

.4 

.2 
e ·--·---+-----+·--·--··---····-··-·I· 

e 18 ze 3e 
... ...,,_,..,-,..,,..,.. •u .,.,,.-. ___ ,..._ - ~- • 



14 

C, The UMOl' Hourly Travel Model 

1, The UMOl' hourly travel model is complementary to the UMOl' daily travel 
model. Its purpose is to distribute the·daily travel, 'by purpose, over 
24 hours, In its fir.al form it llil.l be interconnected to the d&ily tra
vel model through & feedl:ack link, where only selected. information llil.l 
flow between the two models (i.e., s~ructured programming modules). 

2. At this initial stage of developm~t, &s presented below, the hourly 
model requires only four exogenous inputs for each travel purpose, 

(1) 

(2) 

(J) 
(4) 

The mean starting hour of travel 1 

Duration of the activity1 

Coefficient of variation for the 

Proportions of travel purposes. 

starting hour of travel; a.nd 

Two ad.di tional inputs are endogenous, coming from the daily travel model 
and specifying the total daily car travel distanc,e (Vehicle Kilometers 
of' Travel, or VXT), and "the road network. The hourly travel model then 
distributes the VXT over 24 hours, including both outCOund. from, and in
bound to home; as wen· as the non-home 't:e.sed travel. 

In addition, the model estimates the hourly network speeds and travel 
times for each travel purpose and total purposes, based on hou:rly speed./ 
flow relationships. The average daily travel speed and travel times a.re 
then fed 'tack into the daily travel model and iterations are carried out 
until the outputs of the two models converge. 

- If the exogenous inputs resu1t in travel con&estion, 'Where travel speeds 
decrease a.nd travel times increase appreciably, the ranking of choices 
within the &lgo;rithm are: 

(1) Increases in the coefficients of variation, and thus a spread of 
peak-hour travel into peak-period travel; and 

(2) Changes in the proportio:i.s of trip purposes, ba.se:i on previously 
observed rela.t1onships relating to the rankin& of trip purposes 
by the travelers. 

For example, 1:f' travelers use up a.11 their travel t.ime and money b.ld.gets 
during congested. periods for their essential travel purposes, such as 
work and hlsiness, none remain for discretionary travel, such as social 
and recreation. Thus, the pla.'Uler and policy maker can evaluate a.nd 
assess the effects of a.lterr.ative transportation plans and regulations 
on the activity levels in the urba.n a.rea 'Which require travel to and 
:from the &ctivity locations. 

J, In the following examples the UMOT hourly travel model operates inde
pendently, Figures 1-5 show sample outputs of the hourly travel model, 
presented &s percent of the total daily VJCl', 
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Figures 1 and 2 show the outbound and inbound hourly travel, respec
tively, for five travel purposes, and their totala Work, Business, 
Shopping, Social-Recreation a.nd Other (the inbound travel, lack home, 
is calculated automatically), Detailed output tables and di&gra.ms 
will be sho>m during the prcg:ra.m display, 

Fiiruxe 3 shows total outbound, total inbound and grand tctal of all 
travel. 

Figure 4 shows the hourly distribution of travel times, 

Figure 5 shows the hourly distribution of speeds, 

4. Of particular interest is Figure. 3, llhich shows the hourly distribution 
of total travel in an url:a.n area. Although ·three o£ the four exogenous. 
inputs are assumed ones (due to lack of required data), both the shape 
and the scale of the resulting hourly distribution of total travel a.re 
remarkably similar to observed distributions in urlan areas. 
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FIG, J VKT TOTALS 
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D, The UMCYr Intercity Travel Model 

1. Iptroduction 

The UMCYr travel model can be appreciated best lihen applied to iJ'ltercity 
travel, where differences between mod.es can be more pronouncei (say, car 
vs. airplane) than in urba.n travel, &nd trip distances are not confined 
by the boundaries of an ur"t:an study area.. 

ill currently operational intercity models, like ur'tan models, have· to 
be ca.lilxrated to the observed txavel choices lihich they are required to 
estimate, and their validity hinges on their-ability to reproduce the 
choices to which they were fitted. The UMO? process, on the other hand, 
1s ba.sed on the constraints under llhich travel choices are made, and 
the pred.icted. travel choices are then compared with the obsel;'Ved. choices 
for the model's validation. · 

The inputs required for the UMCYr model are, (1) the time a.nd money bud
gets allocated to iJ'ltercity txavel by households of different population 
segments, a.rid (ii) the operational characteristics of the modes, a.s_sume:i 
in this case to be three: ~• !!ti. and airplane. 

While there is a rapidly increasing amount of data on the time and money 
budgets that household:s allocate to thell' urba..n travel, not much data 
have yet been summarized for intercity travel. Therefore, the• following 
examples ban be regarded as sensitivity tests for the intercity UNOl' pro
cess, llbere intercity travel is generated under a wide range of assumed 
money and time budgets. 

For the simulations detailed below, the range of the money budgets is 
limited to $ 15 to $ 225, and the range of the dally time budgets is 
1.5 to 6. 7 hours, as detailed. 1n Table 1. 

It is to be noted at this stage that the al:ove travel money and time 
budgets are not allocate:l to travelers With specific incomes or other 
socioeconomic characteristics. Such an allocation still a.waits da.ta 
:from actual surveys. Furthermore, in the following simtlations no 
assumptior.s are ma.de about the frequency of travel; e.g., a traveler 
could either spend $ 50 on each of four trips during a certain period, 
say, a year, or save ·and spend $ 200 on one trip. Thus, the si.m.ula.tions 
deal with a :range of trips, without specifying their frequency per tra
veler. 

The matching of time bud.gets to money budgets of travelers 1s fused on 
the reasonable assumption that the:r'e is an increasing reluctance to 
spend more time on intercity travel as money expenditures increase, 
with a.n upper limit of a.bout 8 to 10 hours during one day. Thus, the 
travel time b.ldget is assumei to increase with money 'bud.gets at dec
rea.sir.g rates, following a decreasing marginal utility trend, expressing 
known trends of the "value" of travel time, · 
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2. The Assumptions 

Three modes are considered. here, car, rail a.nd airplane. The operational 
characteristics of the three modes are 'tased. on .a.ctus.l travel experience 
du:ring the period late 1978 to early 1979, 

Ee.cause of the access-egress costs in time and money terms, the unit trip 
time and cost depend on distance and, .therefore, the exercises have to be 
iterated, (1) the first run of the UMOT process 1s lased o!lly on the net
works ' unit costs, and ( 2) the 1 tera tion is carried. out on the 'ta.sis of 
the generated. travel distances by mode 1 resulting from the first run, 
'With the addition of the access-egress times and costs, which affect the 
new costs and, hence, also the new travel distances. 

). Basic Results 

Applying the UMOI' travel-distance maximization process results 1n the 
following outputs: 

(1) Total travel distance using available modes within, the travel 
time and money budgets and. 1 as a result, simultaneous mode 
shares; 

(2) illocation of travel ti.me and money to ea.ch mode a.nd, there
fore, the expected. revenues for the operators of the public 
modesi and 

(3) Average travel speed, 

Table 1 sununaxizes the outputs of travel distance, total a.nd. by mode, 
and Figure 1 shows the maximum travel distance, by mode and total, that 
can be generated ldthin the travel bud.gets. 

Table 1 

JF'Rt0============= DATA SUMMARY ============= 
HM TT TOT,KH CAR¼ RAIL% AIR¾ 
----------------------------------------
15 1,54 97 77,19 14.56 8.25 
17 • '5 1,83 112 68,67 21.oa 10,25 
20 2. 08 127 64,4 23,07 12.53 
25 2.5 155 58.02 22,26 19,73 
30 2.es 184 49.15 21,69 29,16 
40 3,39 260 35.55 20.9 43,56 
50 J.82 350 28,85 19,64 51.52 
75 4,58 :580 20.41 15.67 63.92 
100 :;. 13 810 15.95 12,65 71,41 
150 5,89 1266 10,66 8,54 so.a 
200 6,44 1720 7,57 6 86,43 
225 6,66 1947 6,42 5,04 88,54 

»I - tn.vel money budget, $ 
TT - tn. vol time budget , hrs, 
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There is nothing unusual 1n Figure 1 1 but if the proportions of travel 
distance by mode are related. to the total travel distance, a remarkable 
transformation takes place, as shoi,m 1n Figure 2 1 which is the well 
known relationship of trip modal split vs. trip distance. 

The last result is of special interest for the understa.nd.ing of travel 
behavior. The proportions of trip modal split by trip distance is an 
obser.red relationship, to ldlich other models are calibrated. In the 
UMOI' model, on the other hand, it 1s an output from a model of behavior, 
thus suggesting a behavioral ra.tiona.le for the observed relationship. 
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4. Res]onses of the Travel System to Changes ,, 

The UMor process 1s responsive to changes."1n the: inputs relating to 
either the operational characteristics of the modes or the travelers. 
For instance, it is 1oiell known f'rom experience that the mode choices 
of travelers traveling as a group, and sharing the same travel money 
budget (such as members of the same household) can be significantly 
different fro!.!. the mode choice of a single traveler. The UMOT process 
treats such cases rea.5.ily, 

ln the follo~'i.ng example car travel costs are being increased. steadily, 
while the travel costs of rail and air are kept unchanged. The results 1 

for a travel money budget of $ 50, are sholl?l graphically in Figures J 
and 4, -

Figu;e 3 shows the effects of increases in car travel costs on the tra
vel distance, by mode and total. While the total travel distance tends 
to decrease monotonically., there 1s a marked shift in modal shares 'With
in it; rail gains travel, while air loses travel. Cax tn.vel, on the 
other hand, shows mixed trends. A better representation'of these trends 
are shown in Figure 4, 
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Figu;e 4 shows the Dodal splits of the three modes within the total tra
vel distance, where rail gains travel monotonically and all' loses travel 
monotonically. These are expected results. However, there is also an 
unexpected result, counterintuitive, Which suggests that car travel 
increases llith mod.est increases in car costs (up to about +4o percent). 
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When referring CB.ck to Figure 2 the counterintuitive result 1s resolved; 
higher travel costs, by whatever mode, result in less total travel dis
tance, namely a shift tolG.l"d.s the left-hand side of Figure 2. In the· 
analyzed case, $ ;,O and a total travel distance of about J;,O km, a slight 
shift to the left results in a rapid increase in car modal split, thus 
increasing the share of car travel within the total travel distance. 

The point to note at this stage 1s that conventional mode-choice models, 
which deal w1 th trips, are not structured to display such trends. The 
IJ!,!OT model, which deals directly With travel distance (Within libich tra
velers can trade off trip rates vs, trip distances) is able to illuminate 
the complexity a.nd richness of the travel system from a. new viewpoint, 
as well as suggest travel trends Which cannot be foreseen by intuition 
alone. 
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The Unified Mechanism of Travel Model 
should be available for policy analysis by the end of the year 

The UMOT urban travel/land-use model has been 
ccnccptualised and developed by Yacov Zahav,•, 
and its development and application as a policy 
aMlysis tool sponsored by the U.S. DoTs 
Research and Special Programs Administration 
w,th the co-operation of U MT A, FHWA and 
f'RA. In summary, its principal advantages for the 
uier are: (a) far more realistic representations of 
UTban travel and land use, including their inter
actions, than are available from conventional 
approaches; and {h) a model that is not data.
hungry, does not require calibration to the 
observed choices, and can therefore be run quickly 
and inexpensively on a low-priced mic10-
computer. 

Unlike conventional models, UMOT uses a 
multi-loop feedback design in which all travel 
components interact simultaneously, producing 
many outputs from few inputs - cos1lycalibrat1on 
tc observed choices is completely eliminated by 
the use of constraints that are transferable over 
time and space. Both daily and hourly (24 hour) 
travel are computed interactively, and in its 
finished form the model will also compute land use 
interactively with travel. 

Transparency and user interaction are provided 
by self-contained instructions, graphic displ~ys 
and alpha-numeric read-outs. Having very modest 
data needs, the model has been programmed onan 
Apple Ii microcomputer. 

In London last month, Mr Zahavi gave 
presentations on UMOT to the DTp, TRRL, the 
GLC and London Transport. Among the umque 
features of the UMOT model, he said, are: 

(J) All components of travel, such as car 
ownership, travel demand and mode choice, are 
unified under one operating mechanism, and 
not determined separately by independent sub
models as in conventional approaches. This 
single mechanism ensures consistency among 
all parts of the model. 
(2) All model components are linked through 
behavioural and physical constraints which 
have been found to be transferable over ti;ne 
and space. This means that the model"s outp1ts 
are never calibrated to observed choices; the 
outputs are compared to observations for the 
model's validation, not calibrated to them. 
(3) The model computes hourly travel over the 
day, by mode and by trip purpose. This is linked 
to constraints on average daily travel to 
maintain consistency. 
(4) There are no assumptions about unilateral 
causality. In the UMOT model all travel com
ponents are linked in a feedback process, and 
thus can be either cause or e!Tect, depending on 
the step of the analysis. 

In its fully-completed form UMOT will handle 
information in at least five dimensions: household 
number and size, income distribution, travel 
modes, time of day and spatial location. In 
addition. the model will be dynamic, so that the 
time trajectories of change can be explored. 

In its present stage of development the model 
integrates the fnM fuu, dirneiision,. The spatial 
dimension (and therefore land use) is now under 
development and the model contains no dynamics, 
as yet. Even so, with prudence. and understanding 
the model shows great power even now to indicate 
the effects of both policy actions and such external 
factors as the price of petrol. Further improve
ments, even in the dimensions now modelled, are 
planned. [ts application to inter-city travel is also 
being undertaken. 

The model is capable of exploring the effei:u of 
both policy actions and external factors. Typical 
issues, some of which may involve both policy and 
nternal factors, are: 

(i) changing bus fares; 
(ii) changing bus speeds; 
(iii) introducing (or curtaihng) rapid transit; 
(ii;) changing car costs through tolls, parking 
fees. taxes, etc.; 
(v) auto use restrictions: 
(n) road network expansion or closings; 
(vii) changes in household income, or inccme 
distribution; 
(l"iil) change in household size; 

• Further mforma!ion can be obtamed from Mr Zahavi at 
Mobility Systems. Inc .. 7304 Broxbum Court. Bethesda, 
Maryland 20034, USA. 

(ix) changes in population; 
(x) changes in the price or availability of fuel; 
(xi) the effects or policy or external factors on 
fuel consumption; and 
{,tii) the etTects of policy or external factors' on 
the hourly distribution of tra,el. 

The moJel has a number of built-m rebtionshjps 
that were found to be transferable hoth between 
cities and over time. The first four of these are 
behavioural, and the last two rhys1cal: 

(1) The average daily travel time per traveller. 
This is the so-called "time bud et'. However, it 
is not a c9n~, u rat er a ,1amt1ca 
relationship havmg a mean that is a function of 
travel speed and a stable coefficient of variation. 
(2) The average daily travel money per house
hold, the ·money budget'. Again. this is a 
relationship that is a function of income and car 
ownership. , 
(J) The average number of travellers per house
hold, as a function of household :ize and car 
ownership. 
(4) The threshold of car daily travel distance 
which jusufies owning a car. 
(5) The unit cost of owning and operating a car. -
This is a function of many factors. including 
average travel speed and the initial cos\ of the 
car (from FHWA records}. 
(6) The speed/flow relationships for road 
categories. 

The mode! requires rather few inputs. while its 
outputs are many, The inp!lls are: 

{l) The number of households and the ho1.1se
hold sizes in the urban area under rnvest1gation. 
(2) The income distribution of households by 
income group. Any number of groups can be 
handled, but for purposes of policy exploration 
five groups are typically used. 
(J) The unit costs of travel by mode. At present 
the model handles three modes, but the 
capability for a greater number will be 
incorporated. 

In addition, the number of miles of road network 
can be accepted as an input, or it can be derived as 
an output. depending on the particular policy 
explorauon bemg performed. 

The model is now programmed to give the 
following 0111pu1s: 

(/) Car ownership per household by income 
group. 
(2) Proportions of households owning 0, I and 
2 + cars within each income group. 
(3) Class of car purchased by income group. 
(4) Number of travellers per household. 
(5) Daily travel distance per household, by 
mode. 
(6) Modal split by passenger travel distance. 
(7) Network travel speed. 
(8) Door-to-door travel speed by income 
group. 
(9) Minimum and maximum network sizes for 
which travel budgets can be fully utilised. 
(JO) Daily travel tune and money expenditures 
per household and per traveller by mode. and 
h~nce also the expected revenue, for public 
transport systems. 
(11) Daily trip rate, trip distance and travel 
time by mode and by trip purpose, per average 
traveller and per household type. 
(/2) Hourly person trip rate, distance. time and 
speed by mode and by trip purpose. 
(13) Hourly car trip rate, d,stance, time and 
speed by mode and by trip purpose. 
(14) Hourly person and vehicle total travel 
distance and travel time (PMT, PHT, VMT, 
VHT), by mode. 
(/5) Car occupancy rates by trip purpose. 
(/6) The spread of peak-hour travel 11110 peak
period travel under congested conditions. 
(IT) Daily and hourly fuel consamption, by 
mode. per household type. 

It is important to understand that these outputs 
are all functions of the inputs. In general, all 
outputs will vary as any one or the inputs is 
changed. e.g. the unit cost of travel (petrol price), 
the speed of travel (new freeways or subways). 
income distribution, number of households. or 
household size. As the model is developed further, 
an even greater number of outputs will be 
provided. 

Furthermore, the inherent structure of the 
model, plus the generous use of computer 
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gr.1phic·s. cnaf,lcs the user to see the step-by-step 
proccs> of convcrgerm:. tlms m,1king the model 
transparent as opposcll to the typical "black box". 

The steps or the UMOT urban travel process. in 
a simplilled \\ay. are: 

(/} the daily spatial ,md economic oppor
tuni1i~s per hou~chold. presently represented by 
the dailv trawl distance. arc ma.ximi~cd within 
the tra,:cl time and money constraints by the 
optinul combination of available or planned 
mode,: 
(2) the ,km and for car travel distance generates 
car ownership; 
(JJ the assignment of the estimated number of 
cars on the road network results in new umt 
costs of travel. which are then introduced as 
new i~puts: and 
(-I) the process is i1crated until the outputs of 
c,:mse..·utive runs converge to preferred levels of 
ac-cunicy {Fig I). 

For instance. con,ergence can be reached when 
the ,atues of two consecutive iterations are fr.1-< 
than: (i) a speed of I km h for door-to-door speed: 
(ii) IHJ5 cars per hou~ehold: and (iii) 1 per cent in 
1he total numbs:r of cars. Even under such strict 
requirements convergence is very fast. 

The ranking of choices within the UMOrs 
algorithm is: 

(l) C<1r<Hni,,,.,liip! to satisfy the demand for car 
travel. 
(2) Clas.rvfrnr: below. at or above a standard 
.:ompacl car. The UMOT model produces a 
continuous range of car costs. to signify 
dilTerent classes of cars. such as second-hand 
cars. s1andard new cars. or expensive new cars. 
Thus. !1ouseholds at different mcome levels and 
tr,1,el conditions can still satisfy their travel 
budge1s by operating CilTerent classes of cars. 
IJ) Rom/ m'/llwk: when the households" travel 
parameters cannot reach con1·ergence at an 
assumed ruad network (either too high or too 
low). the road network is adjusted auto
matically until convergence is reached. 

Thus. the planner or policy-maker can start with 
· two extreme assumptions of road networks. and 

' 

DATE: AUS. 20, '1981 
rnPUT ROAD NETWORK lKIH =350 
!~PUT CAR COST l =100 
NODES : CAR, eUs AND WALK 

1. HOUSEHOLDS, CARS, ROAD & SPEEDS 

HH INC ONE ..... 10, OOK 25,00K 50.00K 
HH SlZE ....... 3.00 3.00 3.00 
NO. OF HHS •••• 33.00K 33,00K 34.()()1( 

CARS/HH ... , ••• o. 73 I.SO I. 79 
CAR FACCR .... o. 7l 1.10 1. 77 

HH: 0 CARS, 1 .. 29, 15 6.23 4, 39 
HH: I CAR~ l,, 70.84 45.23 28, 70 
HH: 2+ CA S 1 •• 0.01 48,55 66. 91 

NO. Of CA~S •• , 24. lbK 49.b4K 60. 91K 
NC. OF CARS 1 •• 17. 94 36,85 4~.22 

ROAD NElMDRK ~N 350.00 350.00 350.00 
SPEED /JET. KPH. 44.08 44,08 44. 08 
SPEED DOC~-DOOR 16,25 25,47 28.62 

find the range of networks that would satisfy the 
trawl system under given household character
istics and travel costs. 

Since car ownership is an integral part of the 
UMOT model. the outputs of the model should be 
regarded as represeming medium and long-term 
household decisions. For example. continuous 
increases in car travel costs would not necessarily 
result in a shift from car to transit travel as long as 
households would shift their preferences from 
large ·gas guzzlers to small energy-ellicient ~ars. 
The UMOT model is sen;itive to such issues. and it 
can as;ist the policy-maker in the evaluation of a 
wide range of alternative options. 

Fig /. Three full i1ero1ions of rhe 
(/.\lOTmodcl.from su,r/ lo final 
com-erg,'nce. /Or 1/)0000 house
holds dfrided ,:qua/fy betwe,:n 
thr,,e income group.i J. 2. 3 
(SJ0(11)0. 525()01) and $50000 
p.a.) 011d ·.,·here the arterial road 
ne/H·urk is 350 km. The Cvr 
Fur/Or descrihes the type of car 
purch11.1ed hy a lwwelw!d in 
rd<11im1 /u o st,mdard rnmpoc/ 
car. Speerlf s/w,rn "'e m:twork 
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vnd door-10-daor. 
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I Ra3 I 
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.-
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ROHD HEHlORK 
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2. TRAVEL TIME & MONEY BUDGETS 

TT/HH: CAR ..... 39.37 110,23 143,U 
TTIHH: &US ..... 43. 37 25.00 B, 12 
TT /HH: WALK,, •• 41.18 9,9h 
----------------------------------------TT/HH: TOTAL , • 123. 15 143.64 151.77 

TN/HH: CAR .... l. 92 8.03 17,01 
Tl'!/:lH: BUS .... 0.9! 0,55 0.18 
TMlH: 1:~Lk., •• 0.03 0,01 
----------------------------------------T~IHH: IDTIL I, 2. 91 8. 59 17, 19 
il'I/P.H: TOTAL 1, 9,31 11.00 11.00 

3. TRAVEL DISTANCE & MODAL SPUT 

DlST./HH: CAR, 19,29 54,02 70.39 
ll15f,/HH: BUS, 10,63 6. 13 I, 99 
DISJ, /Iii!: WALK, 3, ll 0,83 
----------------------------------------
c:sT./HH: r □JAL 33.35 !0,97 72,3B 

1'1/S: P. J. % .... 35.52 10, 19 2, 75 
N/5: BUS l .... 
N/S: ~ALK X .... 

4. UNIT COSTS & UNIT TIMES 

UNIT COST: CAR, o. 10 0.15 0.24 
UNIT COST: BUS, 0.09 0,09 0,09 
UNIT CCSJ: WALK 0,01 0,01 0.01 
----------------------------------------
UNIT COST: AVS, 0.09 0.14 0.24 

:JNIT THIE: CAR 2.04 2,04 2, 04 
UNIT THIE: BUS 4,08 4,(18 4. (!8 
UNIT TIME: WALK 12.00 12.00 12.00 
----------------------------------------UNIT TIME: AV6, 3.!9 2,3! 2.10 

5. TRAVELLERS & GROUP EX:>ENDITURE 

TR.~\IELERS/HH,., 1,77 2.15 2.29 
TRJGROUP ...... 58,50K 70,9BK 77,92K 

TTITR, HR ...... 1.1! 1,11 1.10 
TM/TRI , ....... 1.64 4.00 7,50 
DIST. TR, KN, •• JS, Bl 28.35 31.58 

SRCUP EXP,:CAR. !3,JOK 2!5.12K 578,28K 
6RCUP E~P.:BUS. 31.56K :8.20K !,09K 
6ROUP EXP.:WALK 1.13K 0,27K 
----------------------------------------SROUf' EXP.:TOT, 95,99K 28~.S9K 584,38K 

6. FUEL CONSUMPTION 

GAL,/HH: CAR,,, 
6AL. /Hf!: BUS .. , 
SAL. /~H: WALK, • 

SAL. /HH: TOT ... 

SAL. /GR: CAR .. 
Gf!L,/SR: BUS ... 
GAL.JSR: ltALK .. 

0.53 
o. 10 

0.63 

17.44K 
3,40K 

0.98 
0.06 

1.04 

32.28K 
1, 96K 

I.I! 
0.02 

1.48 

49.55K 
O.bbK 

SAL. /GR: TOT .. , 20,8:K 34,24K 50.21K 

======= 
TOTAL CARS=l!47&3.99 
TOTAL PKT=481255:.ss 
TOTAL ~C~EY BUD6ET=9b39bl,18 
TOTAL SAL CAR=99270~52,5 
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TEX::HNICAL MEllORANDUM(*) 

December 15, 1981 

TO Robert W. Crosby 

FROM 

Chief, Systems Analysis Division, U,S, DOI' 

Yacov Zahavi r"'l _ _!l . 
Mobility Systems, Inc. '/·u 

SUBJECT: TRAVEL REGULARITIES IN BALTIMORE, WASHINGTON, LONDON AND READING 

1. INTRODUCTION 

1,1 As part of the work under a contract with the U.S. nor. data from 
a U.S. city were examined for travel regularities and compared with 
findings from sources outside the U.S. The many relationships tested 
are shown in the table of Contents. 

Progress Report No,? reported on some of the travel regularities ob
served in London and Reading, U.K. This report sun.marizes the travel 
characteristics derived from the home interview survey conducted in 
Baltimore, Maryland in 1977, and compares them Witt those of Washing
ton, D.C., London and Reading. 

The Baltimore and Washington tables for analysis were provided by the 
U,S, DOI', while the London and Reading tables were provided with the 
assistance and cooperation of U.K. authorities, 

1,2 The travel relationships derived from the Baltimore data, as well as 
their comparison with similar relationships from the other three cities, 
are presented. in this report at two different levels, Relationships 
analyzed in depth are those basic to the UMor model, such as the daily 
travel time expenditure per traveler, A more general analysis was 
made of other relationships that emerged when examining the travel 
data of widely different cities. 

1,3 This report includes three principal parts. The first part presents 
the basic relationships derived from the Baltimore data, The second 
part presents a comparison between the Baltimore atd the other three 
cities' relationships, while the last part includes appendices de
tailing-the data sets upon which the relationships are based. It 
should be noted that some parts of a previous report are repeated. 
here for clarity reasons, as well as for the benefit of those who 
have not read the previous report, 

1,4 The results of this report strongly indicate that travel characteris
tics in a city are related through a system of interactions, The re
port further shows that certain important travel characteristics dis-

(*) An attachment to Progress Report No,8, The UMOl' Travel Model-2 
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play regularities which are transferable among the four cities tested. 
These travel regularities include the daily travel time per traveler 
frequency distributions and their derivative relationships, such as 
that between daily travel distance per traveler and speed. These re
sults corroborate those in other cities that ha.ve previously been 
examined, 

The firidings in this report add further support to the underlying 
principles of the UMOT model, which treat all travel components as 
interacting within a single system that also includes url:a.n struc
ture, 

2. TRAVEL CHARACTERISTICS IN BALTIMORE 

2.1 Introduction 

(1) The Baltimore 1977 home interview survey is one of the most recent 
in-depth travel surveys condu-~ted in a U, S. City, It is a so-called 
disaggregate survey, l:a.sed on a relatively small sample size; af
ter screening households for the required data for analysis only 
664 households remained, representing more tha.n half-a-million 
households in the survey area, thus limiting to some extent the 
ability to explore in depth all relationships. 

The Baltimore raw data were stratified by three principal dimen
sions: household annual income, household size, and household car 
ownership level. Because of the small sample size six income 
groups were defined for analysis;$ 0-4K, 4-SK, 8-12K, 12-19K, 
19-25K, and 25K+. Household size was stratified into five groups; 
1,2,3,4,5+ persons per household, and car ownership included four 
groups; 0,1,2,J+ cars per household, Thus, the 664 households 
were stratified into 6*5*4 = 120 cells. 

The data in each cell were further stratified by the travel cha
racteristics by four mod.es: car, bus, taxi and motorcycle. The 
travel characteristics selected were; travelers per household, 
daily travel time and distance per traveler/household, trip rate 
per traveler, trip distance and trip time. Additional tables 
were prepared fer travel time and distance frequency distribu
tions per traveler. The raw data permitted the examination of 
only internal travel characteristics, namely where both origin 
and destination were inside the study area. The data, from 
which the relationships were derived, are detailed in the appen
dices. 

(2) Since 664 households were stratified. into 120 cells many of the 
cells were either empty or included. too few households for deri
ving meaningful relationships. Therefore, most of the relation
ships are cased on three data sets, grouped by the three principal 
socioeconomic characteristics, namely household income, household 
size, and household car o;mership level; altogether 15 data points, 
which are shown simultaneously in some of the diagrams. 
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Two comments should be noted at this stage. First, although the 
best-fit equations shown with the composite diagrams are based on 
least-squares regression, this technique is used for presentation 
purposes only, and not for statistical tests. Second, the close 
similarity between the plotted three data sets indicates that the 
shown relationships are robust and. consistent enough to emerge 
whichever way the data are stratified. It may also be inferred 
that it would be advisable to verify relationships derived f'rom a 
smAll sample by using the same data in various combinations. The 
point is that multiple regression in this particular case is not 
fully satisfactory since not only sample size is very small but 
income, household size and car ownership are highly correlated 
with each other. 

(3) An additional reason for deriving the basic relationships from 
grouped data is the high variability of travel characteristics 
observed at the disaggr-egate level. Travel characteristics of 
two travelers can differ not only because of their different 
socioeconom~c characteristics but also because of the daily 
variations in travel behavior of each traveler. While a weekly 
travel diary could solve part of the latter problem, the Balti
more data (as well as the data from the other three cities) are 
based on a one-day survey, thus making it impossible to isolate 
the sources of data variations. 

One possible way to minimize the effects of daily variations was 
already proPosed in a previous report(*), where it was noted that 
travel characteristics, stratified by household socioeconomic 
characteristics, tended to stabilize whenever the sample size of 
each group was about JO. Thus, the general relationships shown 
in this report are l:ased on grouped data, where each data-point 
represents at least 30 households. Nonetheless, when analyzing 
relationships crucial to the UMOT model, such as travel ti.me 
expenditures, they are also tested statistically at disaggrega
ted levels. 

(4) No causal relationships are suggested at this stage, and each 
relationship is limited to one independent variable. However, 
the relationships are presented in a sequential order, leading 
to a better understanding of the feedl::ack interactions between 
all travel components. 

In some cases the relationships are shown versus both income and 
car ownership levels. The latter serves as a common denominator 
for the comparison of relationships from different cities. It 
should also be noted that "cars per household" applies to house
holds stratified by car O'W?lership levels, namely 4 data points 
(0,1,2,3+ cars/HR), while "average cars per household" applies 
to households stratified by income level, namely 6 data-points. 

(*) The UMDT/Url:an Interactions, Report DDT/RSPA,/DPB-10/7, January 1981. 
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(5) The relationships were derived from households and travelers 
that generated at least one motorized trip during the survey 
day. They are shown graphically, with minimum text, in order 
to save space and following the saying that II a diagram is 
wo:r.th a thousand words". As already mentioned above, the data 
upon which the relationships are based, as well as the tests, 
~~ detailed in the appendices. 

2,2 Proportions of Households Generating Travel 

Figure 1 (Appendix 1) shows the proportions of households generating 
at least one motorized trip during the survey day versus household 
income, It is quite obvious that the proportion of households· gene
rating travel is much larger at higher income levels, 
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2.J Household Size vs, Household Income 

Figure 2 indicates that household size is related linearly to house
hold income, 
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2,4 Travelers per Household 

Figure J shows the relationship between the number of travelers per 
household and household size. This relationship explains in part 
the on~_shown in Figure la high income households generate more tra
vel than low income households not only because they may have more 
money ~vailable for travel, but also because their household size 
and, therefore, their number of travelers, 1s higher. 
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2,5 Speed vs. Income 

Figure 4 shows that the travelers' door-to-door speed is greater at 
decreasing increments with respect to larger household income. 
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2.6 Cars per Household vs. Income 

Figure 5 shows the relationship between car ownership per household 
and income, 
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2,7 Speed vs. Car Ownership 

Figure 6 shows a correlation between travelers' door-to-door speed 
and their respective households' car ownership levels, 
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2.8 Daily Travel Distance per Traveler vs. Income 

Figure 7 shows that the daily travel distance per traveler is greater 
for higher income. However, it 1s not immediately clear whether the 
longer travel distances are due to higher travel speeds or to more 
time allocated. to travel. This is a basic issue that is clarified in 
the following sections. 
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2.9 Daily Travel Distance vs. Daily Travel Time 

Figure 8 indicates that the daily travel time is not larger for greater 
daily travel distance per traveler when the data are grouped by cars 
per household (the narrow range of values is bordered by the two ver
tical lines). It may, therefore, be inferred that longer travel dis
tance is linked to higher travel speed than to more travel time. 

FIG. 8 PISTANCE/TR US TIME/TR ,,, 25 w 
J BALTIMORE - D ---------
"' 20 . b,,. D <> 
"' UJ 
J 
w 15 - I»<> 

<> ::,. 
,a: <> CARS/HH 
"' I- 10 
' w 

Oo -------- 0 0 
Oo <> 1 

'-' z 5 
<I: 
I-

' 
D 2 
V 3+ 

"' -0 0 
~ 

' 
0 .5 1 1.5 2 2.5 3 

TRAVEL TIME/TRAVELER HRS. 



- 8 -

2,10 Daily Travel Time by Mode vs. Income 

Figure 9 shows the daily travel ti.me per traveler, by mode, vs, income. 
Three conclusions may be inferred from this figure, 

(1) The daily travel time per traveler tends to be lower with greater 
income, 

(2) The travel times allocated to car and bus a.re inversely related, 

(3) Waiking by travelers who made at least one motorizecl.. trip during 
the survey day does not appear to be a principal mode; it comp
rises only 6 to 12 percent of the total travel time of travelers 
belonging to high and low income households, respectively, Fur
thermore, the distance covered by walking is a small part of the 
daily travel distance, (Households that generated only walking 
trips are not discussed. in this report,) 

The remainder of the diagrams are l:ased on the daily travel times 
allocated to motorized travel only, 
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2.11 Daily Travel Time and Distance per Traveler and per Household, 
by Mode 1 vs. Cars per Household 

Figures 10 and 11 show the daily travel time and distance, by mode, 
vs. cars per household. 
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FIG 11 DIST /TR B\' MODE US;. CAF:S.-,.HH 

BALTIMORE 

0 1 2 3 4 
CARS PER HOUSEHOLD 

These diagrams suggest two seemingly contradictory trends; the avai
lability of cars increases the daily travel distance per traveler 
while, at the sane time, it requires less time for travel. This 
phenomenon can be explained by the increased travel speed available 
by car travel. Indeed, the two diagrams suggest how - and why -
mod.al choice is affected by car ownership: cars car. provide mere 
travel distance for less travel ti.me, (Locational choice is also 
involved in these decisions, This is treated elsewhere in the UKOT 
reports,) 

Figure 12 shows the corresponding relationship betweer. the daily 
travel distance per household, by mode, a.nd car ownership levels, 
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2.12 The Effect of Speed on Travel Distance 

Figure 13 shows the relationship between the daily travel distance 
per traveler and door-to-door speed. The data have been stratified 
in thr~e ways: by i~come, by cars per household and by household 
size. While three regression lines could have been drawn through 
each.s~t of points, it is obvious that the single line shown in 
Figure-13 represents all three relationships fairly. This again 
indicates a strong relationship among the three variables. In 
practice, any one of the three can be used. to show the relationship. 
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2,13 Travel Time Fregue~cy Distributions 

(1) The average daily travel time per traveler at an aggregate level 
may mask great variations across individual travelers. These · 
variations can stem from many causes, such as from different 
socioeconomic characteristics of the travelers, or from daily 
variations by individual travelers. It is quite obvious, there
fore, that there are many ways by which Such travel times can be 
analyzed for their variations, 

The conventional way is to stratify the data by such factors as 
sex, age and profession, and test the data sets for equivalency 
by the analysis of variance (ANOVA). In this report the data 
are stratified into time frequency distributions by income and 
by car ownership levels, as detailed in Appendix 2, and analyzed. 
for equivalency by contingency table analysis (which is regarded 
as more stringent than the ANOVA test). 

(2) Since the number of cases beyond a daily travel time of four 
hours were negligible, the data were stratified (by 10 minute 
intervals) up to 4 hours daily travel time per individual tra
veler. Even so, it becomes apparent f'rom Appendix: 2 that the 
few travelers who travel extremely long periods during the sur
vey day, such as professional drivers and traveling salespersons, 



- 11 -

do significantly affect both the mean ti.me values or their vari
ance. (A similar phenomenon was described in The UMOI'/Urban 
Interactions.) Hence, the first step in the analysis of such 
frequency distributions is the determination of the effect of 
outlying travelers on the mean travel ti.mes and their variation. 

(J) Tallie 1 summarizes several such tests, ldlere the proportion of 
travelers at the long-end of the frequency distributions is re
duced stepwise from 100 to 90 percent, thus excluding travelers 
wh6 travel extremely long periods during the survey day. 

Table 1 : TIME FREQUENCY DISTRIBUTION STATISTICS I BALTIMORE 
TRAVELERS CLASSIFIED BY HH INCOME 11110 CAR IIIINERSHIP 

&ROUP 

1001' OF 
TR. OBSERVED 
IIAX, TT '"1NJ 
AVS. TJftE/TR. 
S,D, DF TINE 
S.E. Of TINE 
CDEFF, DF VAR 
ALPHA 
BETA 
BAJ!NA 

991' OF 
TR, OBSERVED 
"Al, TT l"IN) 
AV&. TINE/TR, 
S,D, OF TINE 
S,E, OF TINE 
COEFF, OF VAR 
ALPHA 
ll'TA 
&ANNA 

95% OF 
TR, OBSERVED 
RAX, II ININJ 
AV&, TINE/TR, 
S,D, OF TIRE 
S,E, OF TINE 
COEFF, OF VAR 
ALPHA 
ll'TA 
SAMA 

90% OF 
TR. OBSERVED 
Ml, II !NINI 
!VS. TINE/TR, 
S,D, OF TinE 
S.E. OF TINE 
COEFF, OF VAR 
ALPHA 
BETA 
6AllllA 

INC.I INC,2 INC,) INC,4 INC,5 INC,6 

TRAVELERS 
62 145 

2)5 2)5 
67.42 61,,67 
52,4 49.75 
6.65 4.1) 

,78 .75 
1.66 1.8 
.02 .0) 
.9 .9) 

TRAVELERS 
62 144 

215 205 
67.42 65,57 

52.1 48,1) 
6.65 4,01 

,7B ,7l 
1,66 1,S. 
.02 ,03 
., .95 

TRAVELERS 
59 138 

185 155 
60.25 60.16 
42,51 41,18 
5.53 ),51 

.71 ,68 
2.01 2,ll 
,0) .04 

I 1,06 

TRAVELERS 
56 134 

155 145 
51.29 57,)) 
34,46 lB,32 

4.6 ),)1 
,63 .67 

2.48 2.24 
,05 ,04 

1,)1 1.1) 

148 
225 

71,99 
47,45 

), 9 
,66 
2,) 
,0) 

1.17 

148 
225 

71,99 
47,45 

),9 

.66 
2.) 
.0) 

1, 17 

14) 
175 

67,1) 
40.2) 
),)6 

,6 
2,78 

,04 
1,66 

1)5 
145 

61.)) 
)),22 

2,86 
,54 

),41 
.06 

3,01 

)18 
2)5 

64,41 
«.04 
2,47 

.68 
2. 14 

,0) 
1,07 

)16 
195 

6).46 
12,5 
2,)9 

.67 
2,2) 

,04 
1,12 

)05 
165 

59.2 
)6, 71 

2,1 
,62 
2,6 
.04 

J.43 

290 
125 

54,49 
l0.95 
1,B2 

,57 
l,I 
,06 
2,2 

258 
2)5 

70,92 
46,86 
2,92 

.66 
2,29 
,0) 

1.16 

257 
205 

70,)2 
45.95 
2.87 

.65 
2.34 

,0) 
1,2 

248 
165 

65,92 
40.ll 
2,56 

,61 
l,67 

,04 
1,51 

237 
145 

61.61 
35.84 
2,ll 
.58 

2,96 
.05 

1,92 

)25 
225 

65.61 
47.72 
2,65 

,7) 

1,89 
,Ol 
.96 

ll2 
205 

64. 15 
45.48 
2,53 

.71 
1,99 
,0) 

I 

)11 

165 
59.4) 
)8,52 
2,18 

,65 
2,)8 

.04 
1.23 

299 
135 

55.7) 
)4,41 
1,99 

,62 
2,62 

,05 
1,45 

0 CAR I CAR 2 CARS )+ CARS 

198 
2)5 

73.67 
45.92 
),26 

.62 
2,57 

.03 
1,4 

197 
205 

72.96 

"· 91 
),2 

,62 
2,64 

.04 
1.47 

191 
115 

69, 18 
40,05 

2,9 
.58 

2,98 
,04 

1.97 

179 
135 

63,48 
34,47 
2,58 

,54 
),)9 

.05 
2,95 

408 
225 

66.51 
47,51 
2.)5 

, 71 
1, 96 
,03 
,98 

404 
205 

64,96 
45,12 
2,24 

.69 
2.07 

,Ol 
1.03 

)90 
165 

60,45 
)8,91 
1,97 

.64 
2,41 

.01 
1.25 

)69 

1)5 
55,2 

32,94 
1, 71 

.6 
2.81 

,05 
1,69 

421 
225 

69. 7 
48.B6 
2,)8 

.7 
2.04 

,03 
1,02 

417 
215 

611, 21 
46.65 
2.28 

.611 
2, 14 

,03 
1,07 

404 
175 

64,01 
40,9) 
2,04 
,64 

2,45 
,04 

1,28 

)79 
1)5 

57,66 
3).53 
1,72 
,58 

2,96 
,05 

1.92 

229 
205 

59,12 
12,88 
2,83 

• 7l 
1.9 
,Ol 
,96 

22B 
195 

58.48 
41.86 
2,77 

.72 
1,95 
.0) 
• 98 

218 
145 

53,08 
)l,96 

2,) 
.64 

2,44 
,05 

1.28 

207 
115 

48,68 
28,74 

2 
.59 

2,87 
,06 

1,78 

TOTAL 

1256 
225 

67,36 
47,08 
1,ll 

.7 
2.05 
,03 

I,02 

1246 
205 

66,12 
15. 17 
1,28 
.68 

2,14 
,Ol 

1,07 

1201 
165 

61,44 
)8,8 
1.12 
,63 

2.51 
,04 

1,)4 

1141 
1)5 

56,6 
33,34 

,99 
,59 

2,8B 
,05 
1,8 
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It is evident :from Table 1 t.hat both the means and the variations 
are strongly affected. by a few outlying travelers. For instance, 
deducting 5 percent of the extreme-end travelers in each income 
group has the following effects on the total values: the maximum 
observed travel time decreases by 21 percent; the mean travel 
ti.ma decreases by 9 percent; and the coefficient of variation 
(standard. deviation over mean) decreases by 10 percent. Further
more, both the means and coefficient of variation are stabilized 
for the major part of travelers' groups. 

Nonetheless, the tests between groups, detailed in the next sec
tion, show equivalency even when all travelers are included in 
the analyses. 

(4) The travel time frequency distribution diagrams by income and by 
car ownership (grouped by 20 minutes for clarity of presentation, 
as detailed in Appendix 3) are shown 1n Figure 14, while the to
tal, for all travelers, is shown in Figure 15. Figure 15 shows 
also a Gamma function fitted to the travel time frequency distri
bution for all travelers. (The u and~ parameters for each and 
all groups are detailed in Appendix 3.) 
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2.14 Travel Time Frequency Distributions: Tests for F,guivalency 

The travel time frequency distributions detailed in Appendix 2 were 
tested for equivalency by contingency table analysis. Since the test 
requires at lea.st 5 observations in each cell, some time-intervals 
had to be grouped. Because of the small number of total cases in 
income group 1, the tests were carried out twice, once for income 
groups 2-6 1::e.sed. on 11 time-intervals, and once for all income 
groups ba.sed on 7 time-intervals, as detailed in Table 2, The null
hypothesis for equivalency of the time :frequency distributions is 
accepted. in both cases (the test for acceptance was at a 95 percent 
confidence level). In other words, the travel time :frequency dis
tributions per traveler by income can be regarded. as equivalent. 
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Table 2 

BALTIHORE: TEST FOR EQUIVALENCY, BY INCOME 

INCONE 
"" 6ROUPS 

TINE<NIN,l 
IUlllflUN 

I OF TIIIE DESREES OF 
INTERVALS FREEDOfl 

OBSERVED 
an Sill. 

CRITICAL 
VAL, l,05l 

BALTIMORE: TEST FOR EQUIVALENCY, BY CAR OWNERSHIP 

CAR 
6ROUPS 

TlflEININ, l 
flAllNUN 

I OF TINE DE6REES OF 
INTERVALS FREEDOfl 

OBSERVED 
CHI SQR, 

CRITICAL 
VAL, 1,05) 

Figure 16 shows the six Gamma functions fitted to the six income 
groups {ta.sed on Appendix J). The closeness of the six distribu
tions is quite evident. 
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FIG" 16 TRAUEL TIME/TR DISTRIBUTIONS 
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Since it was already noted in Section 2.11 (i.e. Figure 10) that 
the daily travel time per traveler is less for higher car owner
ship levels, additional tests were carriei out by car ownership 
levels, as detailed in Appendix 2, 

The first test, encompassing all four car ownership groups, resul
ted. 1n a significant difference between the groups. However, when 
the travelers belonging to households owning 1,2,J+ cars (i.e., 
excluding 0-car households) are tested, the null-hypothesis of 
equivalency is accepted. This result suggests that travelers of 
non-car households behave differently from travelers of car-own
ing households; the former travelers spend appreciably more time 
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for travel than the latter travelers. This result can be seen 
clearly in Figure 17, where the Gamma function fitted to 0-car 
travelers is shifted to the right of the other three curves. 

FIG.17 
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Two principal conclusions can be drawn from the above tests. First, 
the travel time expenditures of travelers stratified by income can 
be regarded a.s statistically equivalent. Second, stratification by 
car ownership is more sensitive.than stratification by income, where 
the travel time expenditures of 0-car travelers are significantly 
higher than those of car-owning travelers, In other words, not only 
can travelers owning cars be regarded as belonging to the same class 
regardless of car ownership level, but there is a significant quan
titative (and, therefore, prol:ably also qualitative) gap between the 
two classes of travelers. 

Comparisons between the travel time frequency distributions of Bal
timore and Washington, D.C./London/Reading are detailed in Section 
J.8. The following sections present several additional general re
lationships derived. from the Baltimore data set. 

2.15 Trip Rate and Trip Distance vs. Daily Travel Distance per Traveler 

The definition of a trip has always been quite ambiguous, since trips 
can be linked/chained and grouped into tours in various ways, and 
thus dependent more on the analysts' preferences than on the data. 
Trip rates and trip distances may thus vary Widely from one analyst 
to the next. However, one measure of travel not affected by the 
definition of a tri~ is the product of trip rate and distance, or 
total daily travel distance. Thus, while the exploration of trip 
rates and trip distances as isolated variables is often unsatisfac
tory, this can be done meaningfully within the context of total 
daily travel distance per traveler, as shown below. (The avoidance 
of using elasticities in this case is intentional, as will be dis
cussed. in the final report.) 
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Figures 18 and 19 show how trip rates and trip distances in Balti
more are related to the total daily travel distance per traveler. 
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It may be inferred. from Figure 18 that trip rates are greater at a 
decreasing rate with longer daily travel distance. Trip distances, 
on the other hand, appear to be longer at increasing increments with 
greater daily travel distance, as shown in Figure 19. 

The aOOve indicators suggest two very important conclusions, First, 
there are trade offs between trip rates and. trip distances within 
the total daily travel distance. Thus, a travel model shoul.d consi
der such interactions explicitly. Second, the trade offs are far 
from being simple, where trip rates take precedence over trip dis
tances at low daily travel distances (i,e., when travel speeds are 
low; see Figure 13), while trip distances take precedence over trip 
rates at high daily travel distances. 
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The aOOve interrelationships can be also expressed directly, by rela
ting trip rates to trip distances, as shown in Figure 20; trip rates 
(and, hence, also proportions of trip purposes) tend to increase 
rapidly at low values, and then approach gradually what appears to 
be a saturation level of trip rates. 
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Nonetheless, numerical values of the above relationships should be 
regarded cautiously since they depend much on the definition of a 
trip, In other words, numerical values are not expected to be 
transferable between cities as long as trips are not measured by 
a fully transferable and compatible yardstick, 

2,16 Trip Rate vs. Trip Time 

Figure 21 shows an inverse relationship between trip rate and trip 
time, This type of relationship 1s an expected one since the pro
duct of trip rate and trip time= total daily travel time per tra
veler. 
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2.17 Trip Time vs, Speed 

Figure 22 shows an inverse relationship between trip time and door
to-door speed, In a way, this :figure closes the circle, where all 
travel components are not only related. to each other, but also in
teract '"with the speed offered ·1:iy the transportation system. Such 
relationships serve as the conceptual foundation of the UMOT travel/ 
urbari ~tructure model. 
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3. THE CCJ,!]'ARISONS 

J.1 Introduction 

This chapter details a number of important and useful comparisons 
among trre four cities that were studied. 

The comparisons of travel data and relationships from different 
cities must be approached with caution because of a lack of stan
dardized. definitions for travel components. In our case, the fol
lowing principal differences between the data sets could be iden
tified: 

( 1) 

(2) 

(3) 

(4) 

The Baltimore and Washington, D.C. data refer to internal travel 
only, namely where both trips' origins and destinations are within 
the study area. The Reading data, on the other hand, include in
ternal and external travel generated by the residents. In the 
London case trips are internal plus trips to external zones of a 
length less than 6o km (37 miles); thus, the London travel can be 
regarded as regional in nature and scope, Furthermore, rail tra
vel in Reading refers to intercity travel only, while rail travel 
in London refers to both the ur"t:an and the regional underground 
and overground rail system. 

"The Baltimore, London and Reading data refer to travel generated 
by all households within the study area. The Washington data, on 
the other hand, refer in this report to travel generated by house
holds within a North corridor, starting from the CED and including 
parts of Georgetown, Chevy Chase, Bethesda and Potomac, 

Travel distance in Baltimore is the network distance. In Washing
ton, n.c. it is the X-Y coordinate distance (i.e., sum of the 
differences in the Xs and differences in the Ys), which is about 
,95 the network distance, In London and Reading, on the other 
hand, travel distance 1s air-line distance, While no adjustment 
was made in the case of Washington, D,C,, the London and Reading 
travel distances were adjusted to network distances by the follo
wing factors (based on TRRL Report 749 (1977) by Oldfield)1 Car, 
motorcycle and taxi - 1,23; bus - 1,261 rail - 1,40, 

The Baltimore, Washington and London data include information on 
trips, namely trip rates, distances and times. The Reading data, 
on the other hand, are for total travel only, 

(5) The Baltimore, London and Reading travel distances, times and 
speeds are by mode, In Washington, D,C. travel is total, by all 
modes, 

( 6) The Washington, D,C,, London and Reading travel time frequency 
distributions extend up to 500 minutes per traveler (8,3 hrs,), 
while in Baltimore they extend to 250 minutes (4.2 hrs.). 
Furthermore, in the former cases the time intervals are 0-9,99, 
10-19,99, 20-29,99,,,., minutes, while in the latter case the 
time intervals are 0-4.99, 5-14.99, 15-24.99, ••• , minutes, in 
order to capture the most-often reported trip times (in most 
cases rounded to 10,20,,,,, minutes) within the interval ranges, 
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In addition to the above differences the four cities are also intrin
sically different 1 both in size and structure, Table J summarizes 
several of the principal characteristics of the cities. (The travel 
distances in London and Reading, measured in kilometers, were con
verte::l,;:t.o miles in order to be comparable with travel distances in 
Baltimore and Washington, D.C,) 

Nonetheless, these differences did not prohibit the emergence of a 
number of useful comparisons, as noted in the sections following, 

Table .3 

THE FOUR CITIES: SUl'll'IARY Ill 

CITY ..................... : BAJ. TINDRE IIASHINGTDH ~ASHJN61DN 
YEAR ••••••••••••••••••••• : 1977 1955 1968 Ull 

ALL POPULATION 1'000),,,,: 1794,21 1125.32 1592,60 
All HOUSEHDLOS l'OOOJ .... : 535,59 450.68 547.22 

HH SIZE (ALL HHSJ ••.••••• : 3.35 
HH SHE fTRAVELIN6 HHSJ .. : 3.40 3.16 2,91 

SAl1PLE SIZE - 1 UUJ ... : 0.11 5. 79 2.73 

TRAVELERS/HOUSEHOLD.,, •• ,: 2.14 1.92 1.87 
CARS PER HOUSEHOLD, •••••• : 1.49 .87 1.13 

TRAVEL 11,E/TR HR .... , .. : 1.26 1. 19 1.21 
C.O. V, OF TINE ........... : 0.64 

DISTANCE/HOUSEHOLD ....... : 36, 74 21.37 27.30 
OJSTANCE/TRAYELER •••••••• 1 17.20 11,63 14.56 
0-0 SPEED NPH ........... : 13.66 9.75 11,05 

TRIP RATE/TRAVELER ••••••• : 3.59 2.90 2.97 
TRIP DISTANCE ••••••••••• ,: 4. 79 4.01 4, 90 
TRIP Til!E NIN •••••••••••• : 11.03 14.69 24.41 

LONDON 
1'77 

6558,30 
2615, 90 

2,51 
2. 70 

D.17 

1, 95 
.78 

1.33 
0.69 

25.70 
13.18 
9.88 

2.85 
1.61 

18.10 

R£ADIN6 
1977 

JU,20 
57 .02 

2,51 
2.73 

2.34 

I.Sb 
.81 

1.19 

40.60 
11.83 
16.Sb 

=========================================================================================== 

!NOTE: DISTANCES ARE IN ,1LESI 

I : TRAVEL RELATES TO HHS SENERATIN6 AT UAST ONE IIIITDRIZED TRIP OURIN6 THE SIJRYEY ORY. 
U I HOUSEHOLDS LOCATED NITHIN THE 1955 STUDY AREA 6ENERATIN6 TRAVEL NITHIN THE EITENDEJ 1968 

STUDY AREA. 
tu I FINAL SANPLE IN !ABELS, AFTER SCREENIN6. 

1 NOT AYAILA8LE 
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There are also other differences between the data sets which cou1d not 
be identified explicitly, such as the definition of a trip; in some 
cases it might refer to each leg of one trip made by different modes, 
while in other cases it might refer to the linked legs and associated. 
with the mode by which the longest leg-distance was traveled.. In order 
to avoj,d such differences, all trips in the following comparisons were 
tabulated by the latter definition. 

The most-often used common denominator in the following comparisons is 
car ownership. Even so, it should be note::l that there are three groups 
(0,1,2+ cars7HH) in London and Reading, and four groups (0,1,2,J+ cars/ 
HH) in Baltimore and Washington, D.C. Furthermore, in some cases the 
comparisons are 1:e.sed. on the average car ownership level by income 
group. It should also be noted that the tenns 'per traveler' and 'per 
household' refer to an average traveler/household representing their 
group. 

The data upon which the following relationships are 1:e.sed are detailed 
in Appendices 1 and 4. 

3.2 Proportions of Households Generating Travel 

Figure 23 shows the proportions of households generating at lea.st one 
motorized trip during the survey day versus car ownership levels in 
Baltimore, London and Reading. The similarity between the three rela
tionships is noteworthy, especially when considering the intrinsic 
differences between the cities, and their data. 
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Figure 24 suggests that the number of travelers is correlated predo
minantly with household size, and is similar in the four cities. 
This result is precisely what we would expect, but it is not usually 
used in conventional travel models. 

Isl 
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J,4 Travel Distance per Household vs, Car Ownership 

Figure 25 shows the daily travel distance per household vs. car owner
ship, While the ur1:a.n travel 1n_Ba.lt1.more and Washington, D,C., as 
well as the regional travel in London, show similar regularities, the 
effect of intercity travel in the case of Reading sets this city apart, 
As shown in the following sections, speed per traveler appears to be 
the missing link for making travel distance fully transferable between 
all four cities, 
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3.5 Door-to-Door Speed 

Figure 26 shows how door-to-door speeds (dally travel distances over 
reported daily door-to-door travel times) differ in the four cities. 
Once again, Reading is significantly apart from the other cities, and 
Figure 27 suggests one possible reason for this difference, the inter
city travel by both car and rail 1s carried out at relatively high 
speeds. · 
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FIG. 26 SPEED us. CARS/HOUSEHOLD 
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3,6 Daily Travel Distance per Traveler 

Perhaps the most remarkable relationship in this report is shown in 
Figure 28, namely the daily travel distance per traveler vs. speed, 
by car ownership (0,1,2,J+ in Baltimore and Washington, D,C., and 
0,1,2+ in London and Reading), a relationship which can be regarded 
as fully transferable between all four cities (see also Figure 13 in 
this report, as well as Figure 14 in the previous report), (The only 
outlier in Figure 28 is the group of households in Reading owning 2+ 
cars; not only is their sample size small, but their share of inter
city travel 1s highest. This one outlier 1s excluded from the best
fit estimation,) 
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The relationship shown in Figure 28 appears to be a cornerstone for 
a transferable url::an travel model, since passenger-miles of travel 
can be estimated. directly from travel speeds, 

20 

This relationship implies two underlying principles; First, it implies 
regularity in the allocation of time for daily travel and, second, it 
implies that since speed has to be purchased, hi~ income travelers 
travel more distance than low income travelers (i.e., 0-car travelers 
are located at the lower-left corner of the diagram, while 2+ and 3+ 
car travelers are located at the upper-right corner of the diagram)". 
Put another way, this relationship can be regarded as the end-result 
of four interacting factors1 the expenditures of time and money allo
cated to travel, the supply of the transportation system, and the 
costs of using its various parts/modes. This type of transferable 
relationship is one of the cornerstones of the UMor travel model. 

The relationship shown in Figure 28 can be transformed into a time
speed relationship, as shown ln Figure 28a. The two relationships 
indicate that travelers traveling at high speeds spend less travel 
time for more travel distance than at low speeds. In other words, 
the times saved by speed increases are saved, as such, only in part; 
another part is traded-off for more travel distance {e.g., see also 
Figures 10-11), 
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The above results suggest two interesting possibilities1 (i) the rela
tionships appear to be the key to the understanding of "induced tra
vel", and (11) the benefit derived from increased speed (namely, the 
"value" of saved time) is at least the additional cost required. to 
purchase the increases in speed and travel distance. 

An additional possi blli ty, suggeste::l by the Reading data, is that part 
of the. saved time at high speeds within the url:an area is reallocated 
to intercity travel. This possibility will be tested and reported in 
a forthcoming progress report. 

J.7 Daily Travel Time per Traveler by Mode 

Since different mod.es provide different travel speeds, it 1s to be 
expected that high income travelers would tend to allocate more of 
their travel time to fast - but more expensive - modes than low in
come travelers. This expectation has already been borne out in Fi
gures 9,10 and 11. Figures 29,JO and 31 repeat the allocation of 
travel time by principal mode vs. cars per household in Ba.ltimore, 
London and Reading. 
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The first result emerging from Figures J0-31 is that although rail 
travel is conventionally regard.ed as public transport, similar to 
bus travel, its relationship between the time allocated by mode and 
car ownership Jevels is similar to the relationship of car travel, 
rather than of bus travel. This result may have far reaching impli
cations not only to step-Wise mode-choice forecasts (e.g., when the 
first split is done between private vs. public modes, and the second 
split between bus vs. urban rail), but also to conventional car 
ownership and trip generation models. For instance, one possible 
implication is that high-speed rail is a partial substitute for 
cars; lower car ownership levels in a city having a rapid transit 
system may be due not only to higher congestion costs but also to 
the availability of a relatively high-speed mode that can serve as 
a partial substitute for car travel. {It should be noted that the 
emphasis here is on the speed that the mode provides, and not on the 
mode's name,) 

An additional implication, quite contradictory to conventional be
liefs, is that high income travelers appear to derive more benefits 
from an urban rail system than low income travelers. In London, 
where the underground rail system covers 00th rich and poor areas, 
this factor may not be regarded as critical, but it can raise some 
difficult issues in the planning of routes of a new rapid transit 
system in U.S. cities, should the priority of routes be directed 
toward rich or poor areas? Such a question is not easy to answer 
as it touches upon two - and often contradicting - requirements; 
equity for the population, and revenue for the system. A travel 
model should, therefore, be able to deal explicitly with, and be 
sensitive to, such requirements. 

2 
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Since Baltimore did not have an url:an rail system during the survey 
yea:r, Figures 32 and 33 compare the allocation of travel time to bus 
and car modes in the three cities (as already mentioned above, no 
stratification by mode is available in the Washington, D.C. tables). 
As can be seen in these figures, the low income travelers (i.e., ma.in
ly at 1-ow car ownership levels) also benefit from a rail systems the 
allocation of travel time to both the bus and the car mod.es in London 
and Reading are lower than in Baltimore; the difference is allocated 
to rail' travel. An additional interesting observation is that the 
intercity travel by car by the Reading travelers becomes a dominant 
factor at high car ownership levels (i.e., high income levels), a 
phenomenon which may explain the outlier point in Figure 28. Thus, 
this outlier may become a pivot point for the analysis of intercity 
travel, a subject to be covered in a forthcoming progress report. 
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The attention ls now turned to a more thorough analysis of the daily 
travel time per traveler at disaggregate levels. 
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J.8 Travel Time Frequency Distributions 

The travel time frequency distributions in Baltimore have already been 
shown in Figures 14-17. The same distributions in Washington, D.C., 
London"and Reading are detailed below. 

The te$t for equivalency within Baltimore has already been described 
in Section 2.14, The tests for equivalency 1n Washington, D,C,, Lon
don and Reading are detailed below, followed by comparisons between 
the four cities. 

(1) Washington, D.C, 

The available tables for Washington include travel time frequency 
distributions for two corridors; a North corridor, including parts 
of Georgetown, Chevy Chase, Bethesda and Potomac, and a South corri
dor, including parts of Arlington, Falls Church and Fairfax, 
Figures 34-37 (Appendix 5) show the frequency distributions, by 
car ownership levels, in the two corridors, and Table 4 summarizes 
the test for eq_uivalency. As can be seen, the null-hypothesis of 
equivalency is accepted, Hence, only the North corridor is tested 
for equivalency with the other cities in the following comparisons. 
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Table 4 

NASHIN6TON, D.C.: TEST FOR EQUIVALENCY 

."All 
TRAVELERS 

"NORTH-SOUTH 

(2) London 

TIIIEIRIN,) 
RAXIRUR 

235 

I Of TIRE D£6REES Of 
INTERVALS FREEDOR 

1B 17 

DISERYE!l 
CHI Sllfi. 

IB,15 

CRITICAL 
YAI.. 1.05) 

27.59 

Figures J8-4o (Appendix 6) show the travel time frequency dis
tributions by income in London. These distributions were tested 
for equivalency, and the first test was carried out for all 12 
income groups simultaneously. However, it resulted in a Chi 
square value well above the critical value. This result 1s ex
plained by the markedly different spread of the tail-end of the 
distributions for the very low and very high income groups (see 
Appendix 6). Hence, the next test was carried out for pairs of 
adjacent income groups, as detailed in Table 5. 
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FIG. 40 TRAI..JEL TIME,•·TR OISTRIBUTIOHS 
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Table 5 
LONDON: TEST FOR EQUIVALENCY, BY INCOl1E 

JNCONE TINE INJN, J I OF Tift! DE6REES OF OBSERVED CRIJJl:Al 
6ROUPS ftAIJNUN INTERYALS FREEDON CHI SQR, YAL l.~I 

I • 2 85 8 7 1,71 14,07 
2 - 3 125 12 II 20, 09 19.'8 
3 • 4 125 13 12 21.48 21,0l 
4 - 5 165 17 16 25,83 26.29 
5 - 6 165 17 16 25.58 26,29 
6 - 7 175 18 17 13.38 27,l'I 
7 - 8 205 21 20 20.29 31,41 
8 • 9 205 21 20 18,81 31.41 
9 -10 205 21 20 20,91 31.41 
JO-JI 165 17 16 26, f.i 26.29 
11-12 165 17 16 20.34 26.29 

5 ·JO 205 21 100 107.18 124.34 

In almost all cases the null-hypothesis of equivalency is accep
ted. In the few remaining cases it 1s just beyond the threshold 
of acceptance. Table 5 also shows that the simultaneous analysis 
of the 6 middle income groups (5 to 10) results in acceptance of 
the null-hypothesis. It may, therefore, be concluded that While 
the time :frequency distributions of travelers at the extreme-end 
income groups are di.f'ferent, the change 1s gradual, and travelers 
belonging to adjacent income groups behave simlla.Tly. Further
more, travelers 1n the middle income groups 5 to 10 behave simi
larly, 
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In an effort to identify reasons for the above gradual shift bet
ween adjacent income groups, an additional test was carried out 
by stratifying the travelers by car ownership, as detailed in 
Appendix 7. The reason for this test can be found in Appendix 7, 
'Where the daily travel time per traveler (and C.o. v.) belonging 
to households owning 1 and 2+ cars is practically identical for 
samples excluding the 10 percent in the tail, 69.2 vs. 69.6 min. 
respectively (C.o,V. is ,56 in both cases), while the daily tra
vel time per traveler belonging to 0-car households is appre
ciably higher, namely 7),8 min, (C,o,V, is ,48), 

Indeed, the tests for e~uiva.lency between the three groups, as 
shown in Figures 41-42, suggest that the distributions of trave
lers belonging to households owning 1 and 2+ cars are similar, 
while the distribution of travelers belonging to 0-car households 
is significantly different from the other two groups, as detailed 
in Table 6. 

Fig. 41 

30 0 CAR 3 0,,---;1-:C::-. A::-::,R,------, 

(.(1 

"' w 
__J 

w 0 :, 
0 <I 3·0 

"' 30 >-- 2+ CARS 
IL 
c, 

;~ 

DAIL'/ 

FIG. 42 TRAVEL TIME/TR DISTRIBUTI0t4S 
30 

,:,-:, 25 

"' w 
_J 20 
w 

~ 15 
>--

~- 10 

5 

0 
0 

LOIJDOH 

50 100 150 200 250 300 
DAIL\·' TRAVEL TIME/TRAVELER MIN. 



- 35 -

Table 6 

LONDON: TEST FOR EQUJYALENCY, BY CAR OWNERSHIP 

•-CAR 
6RDUPS 

• O·l-2 
1-2 

(3) Reading 

Tl"E ININ.) 
NAXINU! 

195 
195 

t OF Tl"E DE6REES OF 
POINTS FREEDDN 

20 
20 

3B 
19 

OBSERVED 
CHl SiR. 

lH,15 
14.41 

CRlllCAL 
VAL 1.05) 

Sl.lb 
)0.14 

Similar tests to the above were carried out for the 6 income 
groups in Reading (no stratification by car olmership level 
was available for Reading), Figures 43-45 (AppendiX 8) show 
these distributions and Table 7 summarizes the results of the 
tests. 
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Table 7 

READING: TEST FDR EQUIVALENCY, BY INCOME 

INCD"E Tl"El"IN,I I OF II"E DESREES Of OBSERVED CRITICAL 
6RDUPS "AXl"U" INTERVALS FREEOOII CHI SllR, VAL. 1,051 

1 - 2 
2 - ) 
l - 4 
4 - 5 
5 - ! 

2)5 
2)5 
2)5 
2)5 
2)5 

5 
7 

12 
15 
II 

4 
6 

II 
14 
IO 

).84 
5,34 

16.01 
15,11 
15.51 

9,49 
12,59 
19.68 
2),68 
18,)1 
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Following the London case, equivalency 1e.s accepted for adjacent 
income groups, thus suggesting a gradual shift in the distri bu-
t ions by income. Since the Reading data include also intercity 
travel, which increases with income, the spread of the distribu
tiQ.Ds towards longer travel times increases with income, as shown 
in Figure 44, 

(4) City Comparisons 

The first test for equivalency of the travel time frequency dis
tributions is between Baltimore and Washington, D,C. (North corri
dor), as detailed 1n Table Bo A test for equivalency of the two 
totals showed significant differences between the two cities. 
Therefore, additional tests were carried out by car ownership 
levels, As shown in Table 8, there were no significant diffe
rences between pairs of distributions by car ownership levels, 
Even when all car groups were grouped together (under 1+ cars) 
the null-hypothesis of equivalency still held. Put another way, 
0-car travelers behave differently from car-owning travelers. 
It may, therefore, be concluded that different proportions of 
0-car travelers in the two cities can affect significant diffe
rences between the two total time distributions, although sepa
rate car ownership groups do behave similarly (see, for instance, 
Figure 17). This result serves as an additional corroboration 
of the relationship shown in Figure 28a, where travelers trave
ling at (door-to-door) speeds below 10 mph (namely, mostly bus 
travelers) spend appreciably more travel time than travelers 
traveling at speeds above 10 mph. 

Table 8 

CITIES: TEST FOR EQIJIYALENCY, BY CAR OWNERSHIP 

=========================================================================================== 
CITIES CAR 111\EININ,l I or 111\E DEGREES or OBSERVED CRJTICAL 

SRDUPS NAX!Nlffl INTERVALS FREEDDN CHI SllR. VAL, 1,051 

========================================================================================-=== 
BALTINDRE-NASHIN6TON 0 - 0 235 7 ! 10.BB 12,59 
BALTINORE-liASHIN6TON 1 - I 235 7 ! 5,BI 12.59 
BAL JI NORE-NASH I N6TOH I+ - 1+ 235 7 ! 10.33 12.59 
BALTINDRE-NASHIN6TON 2+ - 2+ 235 7 ! 8,75 12,59 
BALTINORE - LONDON 0 - 0 235 7 ! 8.75 12.59 

BALTINORE - LONDON 2+ - 2+ 235 7 • 9.2! 12.59 

======================================================================================= 

An additional factor to consider while comparing different cities 
is the effect of regional/intercity travel on the frequency dis
tributions. Figure 46 shows the total distributions for the four 
cities, where it becomes evident that the London and Reading dis
tributions are more spread (i.e., higher daily travel time per 
traveler) than in Baltimore and Washington, n.c. Of particular 
interest is the additive effects of both regional travel and low 
travel speeds in London, which appear to have more adverse effects 
on its distribution than the counter effects of intercity travel 
at high speed in Reading. 
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Tests for the equivalency of the total London vs. Reading dis
tributions, and between them and the Baltimore and Washington 
distributions suggest that they are dissimilar. However, com
parable groups appear to behave in similar ways; e.g., the tra
vel time frequency distributions of 2+ car travelers in Balti
more and London are statistically equivalent ( x 2 = 6.79: d£ = 
6; X2critical at ,05 ~ 12,59), 

In conclusion, the above tests indicate that the travel time frequency 
distributions display consistent regularities, which are a function of 
such factors as size of the url:a.n area and prevailing speeds. Such 
relationships can be regarded as transferable between cities when the 
differences between the cities, and their travel (such as urtan vs, 
intercity, as well as travel speeds), a.re recognized, 

When only mean travel times a.re required for forecasting future travel 
behavior, then the fully transferable relationships shown in Figures 
28 and 28a can be used for various groups of travelers in a city. If 1 

however, the full range of each travel time frequency distribution is 
re~uired, then it can be derived from the Gamma distribution where the 
mean is the above value and the coefficient of variation is about .65, 

The point to emphasize is that the above analyses indicate that the 
relationships of the daily travel time per traveler display consistent 
regularities which are transferable between citiesi it is not a con
stant daily travel time which is transferable, as some erroneously 
interpret it to be, but the regularities which are transferable. 

The following sections present further comparisons of travel compo
nents in the four cities. 
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J,9 Trip Rate and Trip Distance vs. Daily Travel Distance 

The product of daily trip rate per traveler and average trip distance 
equals, by definition, the daily travel distance per traveler. It was 
already.- shown in Figures 18-20 how trip rate and trip distance in, 
Baltimore are traded off within the total daily travel distance per 
traveler. A comparison of the same relationships in three cities is 
shown ±n Figures 47-48. 
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It is evident that numerical values of such relationships are not trans
ferable between cities. One plausible reason for this result is that 
there is no one, universally accepted, definition of a trip and, there
fore, trips are not the best travel component to be transfered between 
cities. Indeed, conventional trip generation models are found in most 
cases not to be transferable between cities, especially if they are 
also different in size and structure. 
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3.10 Trip Rate vs. Trip Time 

Figure 49 shows the relationship between trip rate and trip time in 
three cities. 
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It can be inferred from this relationship thats (i) trip rate and 
trip time are inversely related, and (ii) although the relationship 
is similar for the three cities, it is not fully transferable. The 
last result is an expected one since the product of trip rate and 
trip time equals, by definition, the daily travel time per traveler, 
which can be different in different cities. Nonetheless, the con
sistent regularities oCIServed in the daily travel time per traveler 
relationships enable one to derive the expected trip time from any 
given trip rate (by whatever definition) and thus relate the trip 
time fre4uency distributions to the daily travel time frequency dis
tributions. Hence, Figure 49, although not fully transferable bet
ween cities, suggests a consistent similarity which can be useful 
for many purposes. 

3.11 Trip Time vs. Speed 

The last relationship shown in this report is between trip time and 
door-to-door speed, as depicted in Figure 50. This relationship 
closes the circle of interactions between all principal travel com
ponents, where the daily travel time per traveler, and hence also 
the daily travel distance, are closely related to the available 
speed; trip rate and trip distance are traded off Within the daily 
travel distance; trip rate and trip time are traded off within the 
daily travel time; and, hence, trip time is related to the available 
speed. 
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FIG.50 T~IP TIME US. SPEED 
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* * * 
The next report Will deal With the regularities of travel money expen
ditures, as derived from the observed regularities of daily travel 
distance by mode per household. 
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APPENDIX 1 

BALTIMORE DATA, URBAN TRAVEL 

'CLASSIFICATION BY HH INCOME. 
========================================================================r-===== 
&ROI.If ~Ul'IBER •............ : 2 3 4 5 6 !01/AV6. 
--------------------------------------------------------------------------------------
NO. HH! EXPANDED l'OOOJ .. , 44,21 Bl.BO 68.63 134,21 '5.34 108.40 535.59 
HOUSEHOLD INCONE ll'OOOJ.: 3.00 6.00 10.00 15.50 22.00 2B.OO 15.95 
l HHS TRAVELIN6 ........ ,.: 71,BO 80.20 93.90 98.BO 100,00 100,00 93.50 

HOUSEHOLO SIZE ••••••••••• : 2,82 3.03 2.94 3.33 3.66 3.94 3.40 
TRAVELERS PER HOUSEHOLD,.; 1.10 1.74 1,66 2.02 2.30 2.87 2.14 
CARS PER HOUSEHOLD •••••• ,: o.36 o. 70 0.88 1.55 1,80 2,32 1.49 

DISTANCE/HOUSEHDLO ••••••• : 16,55 22.8s 22,74 JJ.69 46.15 55.16 36.74 
DISTANCE/TRAVELER .,,,, •• : 11.81 13.12 13.69 16.64 20.03 19.21 17,20 
TRAVEL TINE/TR IIJN,,,,, ,: 86.24 82.39 77,29 70.96 78,66 72,73 75.58 
0-D SPEED NPH ••••••••••• ; 8,22 9.55 10.63 14.07 15,28 15.85 13.66 

TRIP RATE/TR ••••••• ,,,,,,: 2,91 3,24 3,27 3.63 3.84 3.73 3,59 
TRIP DISTANCE •••••••.••• 1 4.06 4.05 4.19 4,58 5,21 5.15 4. 79 
TRIP TINE NIN ....... , ... : 29,65 25.45 23.64 19,54 20.47 19.49 21.03 

CLASSIFICATION BY CAR OWNERSHIP. 
==============================-============-======-=--========= 
CARS PER HOUSEHOLD ....... : 0 2 3 + 
-------------------------------------------------------------
NO. HHS EXPANDED l'OOOJ .. : 116,19 183.91 159,61 75.88 
I HHS TRAVELING •••••••••• : 74,40 97. 90 99.10 100.00 
HOUSEHOLD SIZE .•••••••••• : 3, 19 2,92 3.S9 4.38 
TRAVELERS PER HOUSEHOLD .. : 1.57 J.80 2.28 3.30 
DISTANCE/HOUSEHOLD ••••••• : 15,22 28, 90 44.12 64.51 
DISTANCE/TRAVELER,,,,, ••• : 9.68 16,07 19.32 19. 70 
TRAVEL TINE/TR tlIN .... ... : 86.44 79,08 74.16 67.24 

D-D SPEED tlPH. ,,,,,,,, .. : 6. 72 12,19 15.63 17.58 
TRAVEL TINE/TR - CAR ..... : 19,49 60.56 ;;,21 59.JS 
TRAVEL TINE/TR - BUS ..... : 63. 76 17.39 7.27 6.79 
DISTANCE/TR - CAR ........ : 3.74 14.17 18.36 17.94 
DISTANCE/TR - 8US •••••••• : 5.60 1.7B 0.85 I.JI 

TRIP RATE/TR ••••••••••••• : 2.49 J.62 J.72 3.97 
TRIP DISTANCE •••••• , •. , •• : J.88 4.44 5.19 4.16 
TRIP TINE IUN,, ... , ..... : 34,68 21.84 19.93 16.92 
================================================•===== 

CLASSIFICATION BY HH SIZE. 
======================================•======================-======= 
HOUSEHOLD SIZE••••••••••' 1 2 3 4 5 • 

NO. HHS EIPANOED 1'000).,1 65,08 129.16 103.37 99,92 138.05 
TRAVELERS/HH •• , •••••••• ,,: 1.00 1.64 1.98 2,35 J,02 
CARS PER HOUSEHOLD ••• ,,,,1 0.66 1.33 1.59 1,68 1, 77 

TRAVEL TlffE/TR NIN ••••••• 1 76.44 72.72 73.67 B0.18 75.16 
TRAVEL DISTANCE/TR •• , ••• : 12.01 17,76 17.20 18.26 17,02 
D·D SPEED tlPH,,,,,,,,,,.: 9.43 14,65 14.01 13.66 13.59 

TRIP RATE/TR •••• ,.,,,, ••• : 3.03 3,72 3,42 3.74 J,61 
TRIP DISTANCE ••••••••••• ,: 3.97 4.7B 5.03 4,89 4. 71 
TRIP TINE tlIN,, •••••••• ,: 25,23 19.56 21.54 21,46 20.81 
======================================================================= 

INDTE1 DISTANCES AIIE IN fflLESJ 



• 

BALTIMORE :TIME FREQUENCY DISTRIBUTION DATA (OBSERVED> ~ 
" TIIAYELERS ClASSIFIED IY HH INCOl!E ANO CAR Olll!ERSHIP ~ -==========-=-===========================-========---=---=---=--·-===================•========~============= .... --.--=z. 

INCONE SROUPS CAR IIIMRSHIP LEVEL I H ,., 
6110UP INC, I INC.2 INC,3 INC.I INC,5 !NC,6 0 CAR 1 CAR 2 CARS 3+ CARS TIii"-

--------------------------------------------------------------------------------------------------------------------------- IN 
I NEAN Til!E TRAVELERS 

l 7.5 • 13 IO l7 ll 19 ll 30 2B 17 711 
2 15 • IO 5 22 JI 31 I 28 31 20 86 
3 25 JO 15 8 31 22 39 21 28 39 31 125 • 35 2 13 18 10 25 27 IO 53 13 19 125 
5 15 9 13 9 32 21 21 19 31 37 18 JOB 
6 55 5 18 21 37 32 12 20 63 15 JO 158 
7 65 7 ll JO 30 21 23 20 28 l6 18 102 
B 75 3 8 12 15 19 21 14 19 25 20 78 
9 85 • ll 9 22 15 15 19 22 21 ll 76 6" JO 95 2 2 12 JO ll 16 7 18 20 8 53 
ll 105 3 0 7 17 ll 16 7 16 21 7 51 
12 ll5 0 5 5 ll 13 13 ll 15 16 5 17 
13 125 l 5 2 6 9 5 7 8 JO l 28 
14 135 0 6 2 3 • B 6 7 6 • 23 
15 115 l 4 2 5 5 7 • 8 8 4 21 
16 155 I 4 I 3 7 2 5 IO 3 3 21 
17 165 2 2 0 • 4 3 3 3 7 2 15 
18 175 0 0 I 7 I I I 5 7 0 13 
19 185 l 0 I I 3 0 2 I 2 l 6 
20 195 0 1 0 3 3 5 0 3 5 4 12 
21 205 2 3 1 1 2 5 3 5 5 l 14 
22 215 l 0 l 0 0 l l l 1 0 3 
23 225 0 1 2 l l 2 0 3 4 0 7 
21 235 0 0 0 0 0 0 0 0 0 0 0 
----------------------------------------------------------------------------------------------------------------------
25 TIIIAL 62 145 118 318 258 325 198 108 121 229 1256 

~------,.-------.-----------------=-:::=-=-------------------------------------------------------... -------~•=· 



BALTIMORE :TINE FREQUENCY DISTRIBUTION DATA (OBSERVED> 

TRAVELERS CLASSIFIED BY Hit JNCOIIE AND CAR DIINERSIIJP 
=-===~=e-:::::-:L~:::::::::::::::::::::::::::::::::::::::~: .. -:::::::::::::::,...:::::::::::::::::::::::::::::r::::::r::~:~--.:::=-= 

INCD"E &RtlUPS CAR DIINERSHIP LEVEL I ' &RIM' INC, I INC,2 INC.3 INC.I INC,5 INC,6 0 CAR I CAR 2 CARS 3+ CARS TOTAL 
---------------------------------------------------------------------------------------------------------------------------------
I IIEAN Tl"E TRAVELEIIS 

I 11.25 8 23 15 39 2'I 50 15 58 54 37 164 
2 JO 12 28 26 71 47 66 34 81 82 53 250 
J 50 14 JI JJ 69 53 66 39 " 82 48 266 
4 10 JO 19 22 45 40 44 34 47 61 38 180 
5 90 6 13 21 32 2b JI 26 40 44 19 12'1 
6 110 J 5 12 28 24 29 18 31 40 12 IOI 
1 130 I II 4 9 13 JJ 13 15 16 1 51 
8 150 2 8 6 8 12 9 9 18 II 7 45 
9 110 2 2 4 II 5 4 4 8 14 2 28 
JO 190 I I I 4 6 5 2 4 7 5 18 
II 210 J 3 2 I 2 6 ' 6 6 I 17 
12 230 0 I 2 I I 2 0 J 4 0 1 
------------------------------------------------------------------------------------------------------
13 TOTAL 62 145 148 318 258 325 198 408 421 229 1256 

:11:11m:11:11:s:11==r=::1:n:sa=::::=•m=-=n=~u2 •• :.eo..r.,11:===:===z===s==::::z11::-=-: .a::.==--'~i,=sia==a,:111:=::s 

TINE FREQUENCY DISTRIBUTION STATISTICS I BALTll'IORE 
TRAVELERS CLASSIFIED IY Hit INCOIIE AND CAR DIINERSIIJP 
=================:s=====--"-==:===="""""'"""'""- -----=s:nm=n=a:s=n=s:==n::1:::..-:i:::n=:asns:z:azmezn: 

6111111P INC.I JNC,2 JNC,J JNC,I JNC,5 JNC,6 0 CAR I CAR 2 CARS 3+ CARS TOTAL 

100% CJF TRAVELERS 
TR, DBSEIIVED 62 115 118 318 258 325 198 108 121 22'1 1256 
IIAI, TT l"INJ 230 230 230 230 230 230 210 230 230 210 230 
AVG. TIIIE/TR, 69,52 67.03 71.07 61.68 70.92 65,52 74.61 66,06 69,88 59,2 67.44 
S.D. OF TIIIE 52,67 49.87 47.5 14.25 17.09 17.86 45,53 17,78 49.J 42.58 47.24 
S.E, OF TIIIE 6,69 ,. 14 J,9 2.48 2,93 2.65 3,24 2,37 2,1 2,81 1.33 
CDEFF, OF VAR ,76 .74 ,67 .68 ,66 ,73 .61 .72 .71 .72 .7 
ALPHA 1,74 1,81 2.21 2. 14 2,27 1,87 2,69 1,91 2.01 J.93 2.01 
IETA .OJ ,OJ ,OJ .03 .03 ,OJ ,04 ,03 ,OJ ,OJ .03 

&AN"A ,92 .93 1.13 1,07 J,11 ,95 1.53 .97 I ,'1 1.02 

---------------------------------------------------------------------------------------------------------------------------. 
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APPENDIX 4 

WASHINGTON, D.C. (NORTH): URBAN TRAVEL 

CLASSIFICATION BY HH INCOME. 

&ROUP NUIIBER ••••••••••••• : 2 3 4 5 TOT/AV6. 

NO. HHS EXPANDED <'0001 •• : 3.99 10,26 15.24 19.06 12.51 61.06 
HOUSEHOLD JNCDNE S!'OOOl,: 3.00 6.00 10.00 16.00 25.00 13.82 
TRAVELERS/HOUSEHOLD •••••• : 1.2'1 1.30 1.80 2.27 2.69 2.05 
CARS PER HOUSEHOLD ••••••• : 0.52 o. 71 1.22 1.62 I.Bl 1.34 

DISTANCE/HOUSEHOLD ••••••• : 5.42 20.08 2'1.43 41.64 47.87 34,53 
DISTANCE/TRAVELER •••••••• : 11.94 13.09 16.37 18.lB 17.BO 16.B5 
TRAVEL TINE/TR flIN ••••••• 1 69,65 68.80 69.01 69. 92 71.61 70.01 
D-D SPEED flPH •••••••••• ,: 10.25 11.42 14.23 15. 77 14.91 14.44 

TRIP RATE/TRAVELER ••••••• : 2. 78 2.85 2.97 J. 12 l.29 3.09 
TRJP DlSTANCE •••••••••••• : 4.30 4.59 5.51 5.8B 5.41 5.46 
TRIP Tlf!E NIN, ••• ,, •• ,,,.: 25.0B 24.ll 23.22 22.lB 21.78 22.70 
=---------------------------------------------l.=-===--=-=---=------------------

CLASSIFICATION BY CAR OWNERSHIP. 
==============================-==-================~==---=--== 
CARS PER HOUSEHOLD., ••••• : 0 2 l + 

TRAVELERS/HOUSEHOLD,,,,,,: 1.25 1. 74 2.55 3.44 

DISTANCE/HOUSEHOLD •••••• : 11.07 27.20 48.15 66.51 
DISTANCE/TRAVELER,,,.,,,,: 8.89 15.67 18.91 19.36 
TRAVEL Tl"E/TR "IN ••••••• : )2.86 69.47 69. 79 70.59 
D-D SPEED NPH •••••••••••• : 7.32 13.53 16.26 16.46 

TRIP RATE/TR •••••••••••• ,: 2.33 3.05 3.24 3.32 
TRIP DISTANCE •••••••••••• 1 3.82 5.1) 5.84 5.83 
TRIP TINE NIN,.,, •• , ••• ,.: 31.)2 22.75 21.56 21.26 
====================================================== 

CLASSIFICATION BY HH SIZE. 
================================================•=========== 
HOUSEHOLD SIZE ••••••••••• : 1 2 5 ♦ 

TRAVELERS/HOUSEHOLD •••••• : 1.00 I. 77 2.40 3.01 

!NOTE: DISTANCES ARE IN "ILESI 

Cont. 
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APPENlJIX 4 

LONDON: URB~JII TRAVEL 

CLASSIFICATION BY CAR OWNERSHIP 

CARS PER HOUSEHOLD ••••••• , 

DISTAHCE/HOUSEHOLO ••••••• , 
DISTANCE/TRAVELER •••••••• , 
TRAVEL TINE/TR NIN ••••••• , 
D-D SPEED NPH ........... : 

TRIP RATE/TR ••••••••••••• : 
TRIP DISTANCE .••••••••••• : 
TRIP TINE NIN •••••••••••• : 

<NOTE: DISTANCES ARE IN NILES) 

0 

16.29 
10.15 
B2. 18 
1.l6 

2.2, 
4.19 

l6.62 

28.2B 
11.11 
18.19 
10.Bl 

3.01 
4. 70 

2,.10 

2 + 

13.31 
15. 76 
19. 76 
ll.B5 

3.37 
4.68 

23.63 

AVG. 

25. 70 
13. 1B 
B0.02 

9.BB 

2.BS 
1.62 

28.12 

READING: URBAN~ INTERURBAN TRAVEL 

CLASSIFICATION BY CAR OWNERSHIP 

CARS PER HOUSEHOLD ....... , 

DISTANCE/HDUSEHOLO ••••••• : 
DISTANCE/TRAVELER ••••• , •• : 
TRAVEL TINE NIN •••••••.•• : 
D-D SPEED ftPH •••••••.••• : 

0 

25.12 
17.64 
1B. 70 
ll.15 

1 

40. 71 
21.ll 
74.25 
11.22 

2 + 

65.81 
26.89 
BO. 16 
lB.59 

AVG. 

40.59 
21.83 
17.68 
16.86 

=============================================='---========== 

!NOTE: DISTANCES ARE IN HILES) 

DOOR-TO-DOOR SPEED BY l10DE 

CAR 
BUS 
RAIL 
TAXI 
HOTORCYtlE 

AVERAGE 

15.94 ,.i, 
5.81 

15. 14 

13.66 

<NOTE: SPEEDS ARE IN HILES PER HOUR) 

NIA 

14.40 

12.12 
5.30 

ll.5B 
8.00 

11.ll 

9.BB 

18.Bl 
7.B7 

31.97 

16.91 

16.86 



i'; 
WASHINGTON D.C. ,TIME FREQUENCY DISTRIBUTION DATA (OBSERVED> " ~ 

TRAVELERS CLASSIFIED BY CAR OIINERSHIP ' H 

====-=============================-=-~=~ .... -=====-============================================-====-=== .... -::=======~ X 

NORTH CORRJll(JI SOUTH CORRIDOR NORTH l SOUTH I 

'"' GROUP 0 I 2 J• ALL 0 I 2 J• All 0 I 2 J• TOTAL 
------------------------------------------------------------------------------------------------------------------------· 
I NEAii TJIIE TRAVELERS 

I 7,5 1 62 78 16 163 9 50 65 15 139 16 112 143 JI 302 
2 15 10 108 162 27 307 17 115 111 32 311 27 223 J09 59 618 
J 25 2, 200 260 55 511 21 119 16' 46 388 53 349 429 IOI 932 
I 35 17 133 182 11 379 17 79 Ill 26 2JJ JI 212 293 73 612 
5 15 27 119 173 23 312 20 78 Ill 29 238 17 197 284 52 580 
6 55 50 163 226 " 507 14 136 172 50 372 64 299 "' 118 '" 7 65 10 91 Ill 25 213 9 55 82 15 161 19 152 193 10 404 
8 75 19 90 138 34 281 13 68 92 29 202 32 158 230 63 183 
9 85 21 93 IJI 31 276 II 81 107 19 221 32 177 238 50 411 

I 10 95 14 52 89 20 175 1 17 51 IJ 118 21 " 110 33 293 
II i05 JO 62 89 25 186 8 65 62 " 154 18 127 151 41 310 ,,. 
12 115 II " 77 13 150 5 50 60 16 131 16 " 137 29 281 " 13 125 3 39 46 8 " 2 15 2, 1 53 5 54 75 15 Ill 
II 135 6 JO 41 II 91 I 33 32 7 73 7 63 76 18 164 
15 115 5 20 34 9 68 2 27 28 6 63 7 47 62 15 131 
16 155 I 21 22 6 50 I 5 22 6 31 2 26 41 12 84 
17 165 5 15 17 8 15 I 12 23 15 51 6 27 10 23 " 18 175 I 15 16 I 39 I 8 15 I 28 5 23 31 8 67 
19 185 0 5 12 5 22 0 I 15 0 19 0 9 27 5 II 
20 195 I 9 8 I 19 0 6 8 I 15 I 15 16 2 JI 
21 205 I I 5 2 12 0 5 6 5 16 I 9 II 7 28 
22 215 I 5 6 0 12 0 2 I 0 6 I 7 10 0 18 
23 225 0 I 6 0 10 0 I 5 0 6 0 5 II 0 16 
21 235 0 3 I 0 I 0 I I 0 2 0 I 2 0 6 
--------------------------------------------------------------------------------------------------------------
25 TOTAL 252 1398 1933 138 1021 162 1095 1417 360 3034 111 2193 3350 798 7055 

====:=========================:...o:,:...: .... ::r-================================================='=""==s==s 
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APPEl'f.JIX 5 

IIl'IE FREQUENCY DISTRIBUTION STATISTICS t WASHINGTON D.C. 
TRAVELERS CLASSIFIED BY CIR ONNERSHIP 

NORTH CORRIDOR 
&ROUP 0 l 2 3+All 

1007. OF TRAVELERS 
TR. OBSERVED 252 IJ98 19)) 4)8 4021 
NAX. TT INIHJ 2JS 2JS 2l5 2J5 2l5 
AVS. TINE/TR, 68.21 64.71 64.SS 67,17 65,12 
S.D. DF TINE 41.ll II.BB IJ.61 4J.22 4J.89 
S,E. OF TINE 2.6 1.2 .99 2,07 ,69 
COEFF. DF VAR .6 .69 .68 .64 .67 
ALPHA 2.7-4 2.08 2. 19 2.12 2.2 
BETA .04 .OJ .OJ .04 .OJ 
SANNA 1.59 1,04 1.09 1.ll I. I 

997. OF TRAVELERS 
TR. OBSERVED 210 IJB6 ms 4JS 3983 
"AX. TT UIJNl 195 205 195 185 195 
AVG. Ti"E/TR, 67.11 6J.J.I 6J.12 66,24 6J,68 
S.D. OF TINE 39.1 42.56 41,25 41,89 41,5 
S,E. Of TI"E 2,49 1.14 ,94 2.01 ·" COEFF. OF VAR .59 .67 .65 .63 .65 
ALPHA 2.9 2.21 2,34 2.5 2,JS 
BETA ,04 .OJ ,04 .04 .04 
SANNA 1.83 I.II 1.2 1.33 1.21 

SOUTH CORRIDOR 
0123+AlL 

162 1095 1417 3bO lOJI 
175 235 2JS 205 235 

SS.14 64.SJ 6",66 68.22 65.46 
36.29 II.OJ 46.81 46,97 45.4 
2.BS 1.33 1.24 2,48 .82 

.66 .68 .7 .69 .69 
2,31 2. 15 2,03 2.11 2,08 

.04 .OJ .OJ .OJ .03 
1.17 1,07 1.01 1,05 1,04 

161 1086 1407 360 3004 
Ill 195 205 205 195 

54.39 63.3 65.56 68.22 63.99 
lS. 14 12.07 45.1 46.97 43.14 
2.77 1,28 1.2 2,46 .1, 
.65 .66 .69 .69 .67 
2.4 2,26 2.11 2.11 2,2 
.04 ,04 ,Ol .Ol .03 

1.24 1.14 I.OS 1,05 I, I 

NORTH I SOUTH I 
0 I 2 3+ TOTAL 

414 249J 3350 798 7055 
215 235 2JS 205 2JS 

6J,12 64.63 65,44 67.64 65.27 
39.86 44.5 45,02 44,92 44.54 
1.96 .89 , 78 1.59 .SJ 
.63 .69 .69 .66 ,68 

2,51 2,Jl 2, II 2.27 2, 15 
.04 .03 .Ol .OJ .03 

1.34 I.OS I.OS 1.14 1.07 

411 2477 JJ27 791 6987 
175 205 205 195 195 

62.08 63.61 64.36 66.43 63.81 
38.09 42,77 43.25 43.21 42.21 

I.BB .86 • 7'l 1.54 .5 
.61 .67 .67 .65 .66 

2.u 2.21 2.21 2.36 2,29 
.04 .03 .Ol .04 ,04 

1.49 1.11 1.11 1.21 1,16 

-------------------------------------------------------------------------------------------------------
957. OF TRAVELERS 
TR. OBSERVED 240 lllB 1810 418 3858 154 1051 1363 ~o 2891 398 2J94 3202 776 6749 
RU. TT IIHNJ ISS 155 145 155 ISS 115 145 165 165 155 145 155 155 165 155 
AVS. TINE/TR. 62.74 59.18 58.74 61.89 60.03 50,41 59.64 61.U 64.68 59,65 58.64 59,58 59,BB 64.21 59.87 
S,O. OF TINE 33.68 37.03 JS,69 36.58 l6.75 l0.23 37,51 40,14 42.56 17,82 Jl,51 37.45 37,45 40.54 37.21 
S.E. Of TINE 2. 17 1.01 .Bl 1.79 .59 2.11 1.16 1.09 2.28 .7 1.68 .77 .66 1.46 .45 
CDEFF. OF VAR .54 .63 .61 .59 .61 .6 .63 .65 ,66 .63 .57 .63 .63 .63 ,62 
ALPHA J,47 2.55 2.71 2.86 2.67 2. 78 2.Sl 2,36 2.31 2.49 3.06 2.53 2,56 2.51 2.s9 
BETA ,06 ,04 ,05 .OS .o, .06 .04 .04 .04 .04 .os .04 .01 .04 .04 
SANNA 3.22 1.lB 1.56 1,77 1,51 1.65 1.36 1.21 I. 17 1.32 2, 12 1.36 1.38 I.JI 1,42 

907. OF TRAVELERS 
TR. OBSERVED 228 1267 1762 403 3649 149 991 12'10 329 2794 379 2258 3020 726 6370 
"Al• TT U!INJ 125 Ill Ill I~ Ill 105 125 135 145 Ill 115 12l 12l 135 125 
AVG. TJ"E/TR. 58,63 54,11 55.17 58.65 55.28 48.24 54,B 56,42 58,46 56,57 54,76 54,654.86 l7.85 54.93 
S.D. OF TINE 29.2 31.95 32.07 33.06 31.74 28,27 32.87 34.41 ~.77 J4.l7 29,32 32,35 32.21 33.5 32,08 
S.E. Of TINE 1.93 .9 .76 1,65 .53 2.32 1,04 .96 1.97 .65 1,51 .68 .5! 1.21 .4 
COEFF, OF VAR ,5 ,59 .58 .56 .57 .59 .6 ,61 .61 ,61 .54 .5! .59 .58 ,SB 
ALPHA I.OJ 2.9 2,96 3. 15 3,0l 2.91 2.78 2.69 2,67 2.68 3.49 2.85 2., 2.9e 2.13 
BETA ,07 .05 .05 .05 .05 .06 .05 .05 .05 ·" .06 .05 .05 .05 .OS 
BAN"A 6.24 1,BJ 1.93 2,3 2,06 1.85 1,65 1,53 1,51 1,52 3,28 1.75 1.82 1,97 1,88 
------------------------------------------------------------------------------------------------------· 

Cont. 



WASHINGTON D.C. 1Til'IE FRECIUENCY DISTRIBUTION DATA <OBSERVED> 
TRAYEtERS CLASSIFIED BY CIR OIINERSHIP 
-------==--=-----•--------------------.,-.,=--==--==--•••••----•-•-----------------r.=•~-•-•-•••------,.------=·•1:--•·z· 

NORTH CORIHDOA SOUTH CORRIDOR NORTH I SOUTH I 
&ROOP 0 I 2 J• All 0 I 2 J• ALL 0 1 2 J• TOTAL ' . 

--------------------------------------------------------------------------------------------------------------------------I IIEAN TINE TRAVELERS 

1 11,25 17 170 240 4J 470 26 165 212 47 450 4J JJ5 452 ,0 920 
2 JO 46 333 442 102 '2J 41 228 280 72 621 87 561 722 174 1544 
J 50 17 282 399 91 849 JI 214 283 79 610 Ill 496 682 170 1459 

' 70 2' 187 249 59 524 22 123 174 44 363 51 310 423 IOJ 887 
5 90 JI 145 220 51 451 18 131 158 32 JJ9 53 276 378 BJ 790 
6 110 21 Ill 166 38 336 IJ 115 122 J5 285 J4 226 288 7J 621 
7 130 ' 69 90 19 187 J 48 61 14 126 12 117 151 JJ JlJ 
8 150 6 41 56 15 118 J J2 50 12 97 9 7J 106 27 211 
9 170 ' JO 33 12 84 2 20 38 19 79 II 50 71 JI 16 
10 190 I 14 20 6 41 0 10 23 1 J4 1 24 4J 1 75 
II 210 2 9 II 2 24 0 1 10 5 22 2 16 21 7 46 
12 230 0 1 7 0 14 0 2 6 0 8 0 9 IJ 0 22 ------------------------------------------------------------------------------------------
IJ TOTAL 252 1398 1 !JJ 438 4021 162 1095 1417 360 3034 414 2493 JJ50 798 7055 

n=s===========s==:szsms=-=::=s==1:=====n:=s==============--==.:r.::==---•-=~.:=-=======-•=zs..-====:n:•-

Til'E FREOUENCY DISTRIBUTION STATISTICS I WASHINGTON O.C. 
TRAVELERS CLASSIFIED BY CAR DIINERSHIP 
================================================================-===--=-~==--======--1:====-=== 

BROIIP 

100% OF 
TR. OBSERVED 

""• 11 l"INI 
AVG. TINE/TR, 
S.D. OF TINE 
S.E. OF TINE 
COEFF. OF VAR 
IILPHA 
BETA 
6111111A 

NORTH CORRIDOR 
0 I 2 3+ALL 

TRAVELERS 
252 IJ98 19JJ 4J8 4021 
230 230 2JO 210 230 

67,94 64.9 64.58 66.93 65.16 
41.1 44.77 43.69 43.71 43.91 
2.59 1.2 .99 2.09 .69 

.6 .69 .68 .65 .67 
2.7J 2,1 2,19 2.J4 2.2 

,04 .OJ .OJ .04 .OJ 
f.59 1.05 1,09 1.2 1.1 

SOOTH COARIDOR 
0123•ALL 

162 I 095 1417 360 3034 
2JO 230 2JO 210 2JO 

55.51 64,58 66.69 68.16 65.51 
J6.J7 44.17 47.06 47.39 45.62 
2.86 1,33 1.25 2.5 .BJ 

,66 .68 ,71 .7 .1 
2.JJ 2.14 2.01 2.07 2.06 

,04 .OJ ,Ol .OJ .OJ 
1.19 1.07 I 1.03 I.OJ 

NORTII I SOUTH t 
0 I 2 J+ TOTAL 

414 2493 JJ50 798 
210 230 230 210 

6J,OB 64.76 65.47 67,48 
J9.74 44,5 45.15 45.JB 
1.95 ,11'1 .76 1.61 

.6J .69 ,69 ,67 
2.52 2.12 2,1 2.21 

.04 .OJ ,OJ .OJ 
1,35 1.06 1.05 ·1.11 

7055 
2JO 

65,JI 
44.6!1 

.5J 

.68 
2.14 

.OJ 
1.07 

------------------------------------------------------------------------------------------------------------
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APPENDIX 6 

LONDON 1Til1E FREQUENCY DISTRIBUTION DATA (OBSERVED> 
TRAVELERS CLASSIFIED BY HH INCO"E 
=--------------------------=-----=-==------------------===-=-=-------=--------=---••==--=---"'-------==----==---=--• 

I 
&RDUP INC, I INC,2 !NC,l lNC,4 lNC,S INC,! INC. 7 INC.I lNC,9 INC, 10 INC. II lNC, 12 TOTAL 

------------------------------------------------------------------------------------------------------------HHS UNElPAH. "' 712 395 487 534 "' 1105 953 730 !56 411 294 7159 
HHS EIP, (00) 746 2557 1121 1747 1989 2375 4018 3487 265B 2108 1637 1094 26159 
£lP, FACTOR 362 359 3.0 359 372 3.B 311 3.6 3.4 3.7 371 372 365 

------------------------------------------------------==•-----=--------=============-------...;~~==-•==::asa•==•n=•==•----I flEAN TINE TRAVELERS 

I 5 0 2 B 8 10 II 35 30 30 23 21 8 188 
2 15 4 15 27 41 39 42 71 99 62 69 45 25 546 
l 25 6 ll 42 3. 65 73 132 112 113 90 57 44 834 

' 35 5 15 13 52 56 104 192 152 155 127 73 45 1019 
5 45 7 44 26 3. 59 81 167 113 119 107 77 64 931 
6 55 7 33 51 32 58 73 119 141 Ill 107 72 76 937 
7 65 7 47 44 18 67 94 173 !BO 131 151 93 74 1115 
8 75 6 26 17 39 72 70 14B Ill 116 105 75 62 B73 
9 es JO 22 20 ll 3B 53 11B 110 89 107 82 49 7!2 
JO 95 ' 19 20 28 13 61 Ill 104 98 81 69 55 701 
II 105 s JI JO 16 32 48 98 77 70 e, 71 17 575 
12 115 0 16 12 12 28 ll II 68 80 61 48 31 411 
ll 125 I 6 JO 18 35 28 75 77 so II 62 l5 411 
II llS I 6 4 14 JO l7 51 54 47 SI 64 l4 l75 
15 115 2 l I 7 10 21 29 12 40 31 ll l5 260 
16 155 I 8 l 21 ll 21 48 l9 l8 l9 21 21 276 
17 115 0 2 l ! 12 20 2B 29 19 20 29 1B 190 
IB 17' 0 5 ' 5 II • " 22 20 2, 9 II 1,0 
19 IBS 4 • 2 ' 4 14 II 26 18 13 20 ll 110 
20 195 2 8 • 3 • 4 15 12 15 16 9 JS 109 
21 205 I l I I l l II ll II 8 s 7 72 
22 215 I • 0 2 2 5 • 8 9 II 6 4 IO 
23 225 0 2 2 I 5 0 5 II 10 5 5 4 50 
21 235 0 I I I l 2 s 2 4 5 9 l 31 
25 215 I l 0 I 4 I 2 2 3 5 I 2 24 
26 255 0 3 0 ' 2 3 6 l 2 I 2 1 27 
27 265 0 0 I 0 1 2 3 • s 1 4 I 2l 
2B 275 1 0 I 0 0 1 0 0 I 2 2 l 8 
29 285 0 0 2 1 1 I 4 l 2 2 0 I 17 
lO 295 0 2 0 0 I 0 0 3 2 2 I 0 II 
ll 305 0 0 0 0 0 I I 1 s 2 0 0 IO 
32 315 0 1 0 I I 0 l l I 0 3 0 12 
33 l25 0 I 0 0 0 0 1 1 l 1 l 0 10 
31 335 0 0 0 0 0 1 1 I I 0 1 0 4 
35 ll5 0 0 1 0 I 0 0 0 0 1 1 I 5 
3. lSS 0 0 0 0 0 0 I 0 2 0 2 0 s 
l7 365 0 0 0 0 0 0 1 0 0 0 0 2 2 
lS 375 0 I 0 0 0 0 0 0 I 0 0 0 2 
l9 lB5 0 0 0 0 0 0 0 0 0 0 0 0 0 
40 395 0 0 0 0 0 0 0 0 0 0 I 1 2 
II 405 0 0 0 0 0 0 I 1 0 0 0 0 2 
12 115 0 0 0 I 0 0 0 0 0 0 0 0 I 
43 425 0 0 0 0 1 0 0 0 0 0 0 0 I 
41 4lS 0 0 0 0 0 0 0 0 0 0 0 0 0 
45 445 0 0 0 0 0 0 0 0 0 0 I 0 I 
46 4SS 0 I 0 0 0 0 0 0 0 0 0 0 I 
17 165 0 0 0 0 0 0 0 0 0 0 0 0 0 
1B 475 0 0 I 0 0 0 0 0 0 0 0 0 I 
49 185 0 0 2 0 0 0 0 0 0 0 0 0 2 so 195 0 0 0 0 0 0 I I I 0 0 I 4 
-------------------------------------------------------------------------------------------------------------------------51 TOTAL 76 3B1 l65 178 693 917 1801 1740 1510 1422 1077 796 11214 

===================================================================--============-=====================-====-==== 

Cont. 
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APPENDIX 6 

TIME FREQUENCY DISTRIBUTIIIN STATISTICS I LONDIIN 
TRAVELERS CLASSIFIED IY HH INCOME 
======================================-====zs::::i:--1:::::::..-=·-=r-..::mr.:===•=••=•======n============== 

&ROUP INC,! INC.2 INC.3 INC.4 INC.5 INC,! INC. 7 INC.8 INC,! INC,10 INC.II INC.12 TOTAi. 
------------------------------- ---------------------------------------------------
100:r. OF TRAVELERS 
TR. OBSERVED 76 384 365 478 693 917 1801 1740 1510 1422 1077 796 11294 
IIAl, TT !MINI 275 455 485 495 495 335 495 495 495 345 495 495 495 
AVG. TIME/TR. 85.79 82.5 71,41 77.07 79.39 78,59 79,78 SI.II 83.56 83.69 91,89 91.75 82.54 
S.O. OF TIME 57. 78 63.26 63.14 54.67 54.36 49.85 53.2 54.79 57.4 52.42 58,54 51,,62 55.24 
S.E. OF TIME 6.63 3,23 3,3 2,5 2,06 1,65 1,25 1,31 1.48 1.39 1.78 2.01 ,52 
COE FF. OF YAR .67 .77 .88 ,71 ,68 .63 .67 .68 ,69 ,63 ,64 ,62 ,67 
ALPHA 2.2 I, 7 1,28 1.99 2,13 2.49 2,25 2,19 2, 12 2.55 2.46 2,63 2.23 
SETA ,03 ,02 .02 ,03 .03 .03 .03 .03 .03 .03 .03 .03 .03 
6AMIIA I, I ·" .9 .99 1,06 1,32 1,13 I.I 1.06 1.38 1.3 1,4; 1.12 
--------------------------------------------------------------------------------------------------
99,: OF TRAVELERS 
TR. OBSERVED 1, 381 362 475 687 908 1784 172• 1496 1410 1068 789 11193 
Ml. TT !MINI 275 315 345 255 255 245 255 265 295 245 315 265 265 
AVG. TIME/TR, 85. 79 80, 12 68,01 75.42 77.27 76.62 77.48 79,14 81,18 81,91 89.66 89.36 80.29 
S.O. OF TIME 57.78 57.3 51.08 50,53 49,38 45,91 47,58 50.14 51.88 48.91 5l.38 50.45 49,86 
S.E. OF TIME 6.03 2.94 2,68 2,32 1,88 1.52 1,13 1.21 1,34 1.3 1.63 1,8 ,47 
COE FF. OF YAR .67 • 72 • 75 ,67 .64 .6 .61 .63 .64 .6 .6 .56 ,12 
ALPHA 2.2 1,96 I, 77 2,23 2,45 2, 78 2,65 2,49 2.45 2,81 2.82 3.14 2,5'1 
!ETA ,03 .02 .03 .03 .03 ,04 .03 .03 .03 .03 .03 .04 .03 
6AMMA I, I .98 ,92 1.12 1.28 1.66 1.49 1,32 1,28 1,68 1.71 2.28 1,42 
-------------------------------------------------------------------------------------------------
95:r. OF TRAVELERS 
TR, OBSERVED 73 369 347 458 662 873 1715 1669 1447 1360 1030 767 10792 
MAX, TT !MINI 205 215 185 175 165 165 175 185 195 185 195 195 185 
AVG. TIME/TR. 79,25 74.~ 60,82 70,17 71,83 71.87 72.22 74.34 76.06 77.1 84.08 85.52 75,17 
S,D. OF TIME 48.5 48.02 37.2 43.01 41,23 39.92 40,25 43,43 44.27 42,59 45.19 45.61 42,76 
S.E. OF TIME 5,68 2.5 2 2.01 1,6 ,.~ ,97 1,06 1,16 1,15 1.41 1.65 .41 
COEFF. OF YAR .61 ,65 .61 .61 ,57 .56 ,51, .58 .58 ,55 ,54 .53 .57 
ALPHA 2,67 2.4 2.67 2,66 3,03 3.24 3.22 2,93 2,95 3.28 3.46 3,52 3.09 
BETA .03 .03 ,04 ,04 .04 .05 .04 .04 .04 .04 ,04 .04 ,04 
6AMIIA 1.51 1.24 1,51 1,5 2.07 2.53 2.47 I.SB I, 92 2,62 3, 19 3,38 2,18 

-------------------------------------------------------------------------------------------------
90:r. OF TRAVELERS 
TR. OBSERVED 70 346 330 444 6~ 832 1168 1592 1375 1304 992 728 10327 
MAX. TT !MINI 185 175 125 155 155 145 155 155 155 155 165 165 155 
A\16. TIME/7R, 74.14 66.07 55.73 67.07 67,57 67,54 69.49 69,49 70,67 72,94 S0,21 S0,14 70.72 
S,D, OF TIME 42.55 36,71 30,15 39,9 36.39 ~.64 37.33 38.26 38.36 38.35 41.39 40.22 38.06 
S,E, OF TIME 5,09 1,97 1,66 1,89 1,44 1,24 .91 .96 1,03 1,06 1,31 1,49 ,37 
COEFF. OF YAR .57 .56 .54 .59 .54 .53 .54 .55 .54 ,53 ,52 .5 .54 
ALPHA 3.04 3.24 3.42 2.83 3.45 3,59 3.47 3,3 J,39 3,62 3, 76 3,97 3,45 
BETA .04 .05 .06 .04 ,05 .05 .05 .05 .05 ,05 .05 .05 .05 
SAMMA 2,07 2,52 3,04 1,71 3.14 3,68 3,2 2,68 2,96 3,79 4.45 5.78 3.15 
--------------------------------------------------------------------------------------------------------------

Cont. 



LONDON :TIME FREQUENCY DISTRIBUTION DATA (OBSERVED> 

TRAVELE!IS CLASSIFIED BY RR INCOIIE 
=========•-==============================r=~======•-=•~--.==•-==•-=================•==•=•========•=======••et:e.eee:ee•eee••======= 

I 
&!IOUP INC,! INC,2 INC.3 IIIC.4 IIIC, 5 INC.6 IIIC. 7 IIIC,8 IIIC,9 INC.IO IIIC,11 INC.12 TDTAL 

-----------------------------------------------------------------------------------------------------------------------------
HHS IJNEIPAN, 206 712 395 4B7 534 616 1105 953 730 656 411 294 7159 
RIIS EIP, 1001 746 2557 1421 1747 19B9 2375 4048 3487 265B 240B 1637 1094 2U59 
EXP, FACTOR 362 359 360 359 372 368 36b 366 364 367 371 372 365 

===========--=-===·---===========·---=-=-=======~----=-=====-===================·-=======-~..,..--------------....... -~----
I lftcAN Tllftc TRAVELERS 

I IO 4 17 35 52 " 53 109 129 92 '2 6b 33 734 
2 30 II 7B B'5 BB 121 177 324 294 268 217 130 89 1B83 
l 50 14 71 71 68 117 154 316 2B4 253 214 14' 140 1871 
4 70 13 73 61 B7 139 164 321 314 250 256 168 136 198B 
5 '° 14 41 40 61 BI 114 231 214 1B7 191 151 104 1433 
6 110 5 30 22 28 68 84 164 145 150 145 119 Bl 1041 
7 130 2 12 14 32 45 65 126 131 97 116 126 69 841 
8 150 3 II 4 28 23 42 71 Bl 78 73 54 56 536 
9 170 0 7 7 14 23 26 47 51 39 43 38 2'I 325 
IO 190 6 14 8 7 IO 18 31 3B 33 2'I 29 28 24' 
II 210 2 9 I 3 5 8 20 21 20 19 II II 132 
12 230 0 3 3 2 8 2 10 13 14 IO 14 7 B6 
---------------------------------------------------------------------------------------------------------
13 TOTAL 74 372 357 470 681 907 1776 1715 14B1 1405 1055 7B5 1111, 

r::======-======-•==--======•===========r.i===n========================---•---===•================ 

TIME FREQUENCY DISTRIBUTION STATISTICS I LONDON 
TRAVELERS ctASSIFIED IY ffll INCOIIE 
============--===========================--=----======•=========-=•=============-==========-======-== 

6RlltlP INC. I IIIC,2 INC, 3 IIIC,4 INC,5 IIIC. 6 IIIC, 7 INC.B IIIC, 9 IIIC, IO IIIC, II INC. 12 TOTAL 

-----------------------------------------------------------------------------------------------------------------
100% OF TRAVELERS 
TR, DBBERVED 74 372 357 470 681 901 1776 1715 1481 1405 1055 78'5 11119 

IIAI, IT INIWI 210 230 230 230 230 230 230 230 230 230 230 230 230 

AY6, Tllftc/TR, 81.8' 75,54 64.62 73. 15 15,76 76.35 76,7 78.12 79,05 81.37 87 ,61 88.6 1,.13 

S,D, OF TIIIE 51.3B 49.48 44,07 47.65 47,1 45.9 16.41 48.58 4B.76 48.12 .,.6b 49.42 4B,17 

S,E, llf Tllftc 5.,1 2,57 2.33 2,2 1,8 1.52 I, I 1.17 1.27 1,28 1,53 I. 76 ... 
CllEFF, OF VAR ,63 .65 .6B ,65 .62 ,6 .61 .62 .62 ·" ,57 .56 .61 

AlPHA 2,54 2.33 2, 15 2.36 2,:19 2,77 2.73 2,59 2.63 2.86 3. II 3.21 2,7 

BETA ,03 .03 ,03 ,03 .03 .04 .04 .03 .03 ,04 .04 .04 ,03 

-A 1,37 1,19 1.07 1.21 1,42 1.63 1.58 1,41 1.46 I, 76 2,22 2.46 1.54 

----~------------------------------------------------------------------------------------------------------------------------------
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APPENDIX 7 

LONDON 1Tl11E FREQUENCY DISTRIBUTION DATA <OBSERVED> 

TRAVELERS CLASSIFIED BY CAR DIINERSHIP 
=~=•==•===========•==••========••=========-••======== 

I 
&ROUP 0 CAR 1 CM 2+ CARS TOTAL 

----------------------------------------------------IIIIS UNEIPAN. l2l5 1201 801 115! 
1111S EXP. 100) 11677 11809 2139 26151 
EXP, FACTOR 361 361 366 365 
==================■lfn=--=====m■ns■■============•= 

I IIEAN Tift[ TRAVELERS 

1 5 '' 101 35 188 
2 15 111 325 111 546 
3 25 182 419 150 834 

' 35 257 588 202 1041 
5 45 268 501 163 93-1 
6 55 330 460 146 937 
7 65 403 531 180 1115 
8 75 311 401 151 873 
9 85 258 368 106 732 
10 15 251 320 127 701 
II 185 174 305 15 575 
12 115 180 213 71 466 
13 125 140 215 80 , .. 
14 135 98 211 61 375 
15 115 68 111 50 2.0 
16 155 80 144 50 276 
17 165 51 104 26 110 
18 175 43 61 21 135 
II 185 42 75 22 140 
20 115 35 51 23 IOI 
21 205 24 JI 11 72 
22 215 22 21 14 60 
23 2~ 12 21 I 50 
21 235 II 17 8 36 
25 215 9 II ' 21 
26 255 6 17 I 27 
27 265 5 12 5 23 
28 275 I ' ' 8 
21 285 6 I 2 17 
30 215 2 8 0 II 
31 305 1 7 2 10 
32 315 6 6 1 12 
J3 125 1 8 1 10 
31 335 0 2 2 ' 35 3-15 1 2 2 5 
36 355 2 1 2 5 
37 365 0 1 2 2 
38 375 1 1 0 2 
31 385 0 0 0 0 
40 315 0 1 1 2 
41 405 0 2 0 2 
42 415 0 0 1 1 
13 425 1 0 0 I 

" 135 0 0 0 0 
45 415 0 1 0 I 
46 455 1 0 0 1 
17 465 0 0 0 0 
48 475 0 1 0 1 

" 485 2 0 0 2 
50 115 2 2 0 ' -----------------------------------------------------------
51 TOTAi. 3-161 5857 1961 11211 

=====================•================-===========•====--
Cont. 
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APPENDIX 7 

TIME FREQUENCY DISTRIBUTION STATISTICS I LONDON 
TRAVELERS CLASSIFIED BY CAR DIIIIEl!SHIP 
•==================•••=•=====••===•=========•=n•=m•••n=== 

&RD\JP 0 CAR I CAR 2t CARS TOTAL 

---------------------------------------------------
10oz OF TRAVELERS 

TR, OBSERVED l-161 5857 1961 11294 
"U, TT l"IN) 49S 49S 415 19S 
AVG. TINE/TR, 85,23 80,98 82,46 82,54 
S,D, OF T1"E 53.04 55.97 57.07 55.21 
S.E, OF TIIIE ., .73 J.29 .s2 
COEFF. OF VAR .62 .69 .69 .67 
ALPHA 2.511 2,09 2.09 2,23 
SETA .03 .03 .03 .03 
SARNA 1,41 1.04 J.04 1.12 

------------------------------------------------
99Z OF TRAVELERS 

TR, OBSERVED l-129 5801 1915 11193 
Ml. TT !NINI 255 265 275 265 
AVG. TINE/TR, 82.91 78.62 80.34 80.29 
S,D. OF TINE 46.97 50,55 52.2 19.86 
S.E. OF TINE .8 .66 1.18 .47 
CDEFF. OF VAR .57 ... .65 .62 
ALPHA 3, 12 2,42 2.37 2.59 
SETA .04 .03 .03 .03 
&ANNA 2.23 1.26 1.22 1.42 
--------------------------------------------· 
9SZ OF TRAVELERS 
TR, OBSERVED 3310 5606 18B3 10792 
Ml, TT !MINI 185 185 195 185 
AV&. TINE/TR. 78.19 73.72 75.44 75.17 
S.D. OF TINE 40.39 43.72 45.22 42.76 
6.E. OF TIIIE .7 .58 1.04 .41 
COEFF. DF VAR .52 .59 .6 .57 
ALPHA 3.75 2.84 2.78 3.09 
SETA .05 .04 .04 .04 
&ANNA 4.41 1.74 J.6S 2.18 

------------------------------------------------------
90Z OF TRAVELERS 

TR. OBSERVED 3166 5364 1783 10327 
IIAX. TT tNINJ 1 155 155 155 155 . 
AVS, TINE/TR, 73.84 69.2 69.62 70.72 
S.D, OF TIIIE 35.6 39.02 3B.92 38.06 
S.E, OF TIIIE .63 .53 .92 .37 
COEFF. DF VAR .48 .So .So .51 
ALPHA 1.3 3.15 3.2 3.45 
SETA .06 .05 .05 .05 
&ANNA 8.89 2.3 2.12 3.15 

--------------------------------------------------- Cont, 
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APPENDIX 7 

LONDON 1TIME FREQUENCY DISTRIBUTION DATA <OBSERVED> 
TRAYELERS CLASSIFIED BY CAIi DiNERSHIP 
==•========•=======================••n::::a:::::::::ssmm::: 

I 
&RDUP 0 CAR I CAR 2+ CARS TOTAL 

--------------------------------------------HHS IINEIPAN, 32~ 3201 803 715! 
tltS EXP. (00) 11677 11809 2939 26159 
EXP, FACTDR 361 369 366 3'5 

=================•====c=-:::a:nsz.:::=:::u::sa:sn::=n====-= 
I IIUN TIIIE TRAYELERS 

I 10 155 434 146 734 
2 30 439 1087 352 1883 
3 50 598 961 309 1871 
4 70 722 935 331 1988 
5 . 90 512 681! 233 1433 
6 110 354 518 168 1011 
7 130 238 456 144 811 
8 150 148 285 100 536 
9 170 102 167 55 3:r.i 
10 190 77 126 45 249 
II 210 46 58 28 132 
12 230 23 46 17 86 
---------------------------------------------------13 TOTAL 3414 5761 1928 lllll 

TIME FREQUENCY DISTRIBUTION STATISTICS I LONDON 
TRAVELERS CLASSIFIED BY CAR DNNERSHIP 
=====•=====================••=====::1111;::s::=:::s::e::=ii::sn:H: 

&ROUP 0 CAR I CAR 2+ CARS TDTAL 

-------------------------------------------
100% OF TRAVELERS 
TR. DBSERYED 3414 5761 1928 11119 
IIAX, TT '"1Nl 230 230 230 230 
AV&. TIIIE/TR. 82,09 77.5 78.58 7!.13 
S.D, Of TIIIE 45.92 48.82 49.77 48.17 
S.E. Of TINE ,79 .64 1.13 .46 
CDEFF. llf VAR .56 .63 .63 ,61 

• ALPHA 3.2 2.52 2,49 2.7 
BETA .04 ,03 ,03 ,03 
&Alll!A 2.41 •-~ 1.32 1.54 



- 56 -

APPENDIX 8 

READING :TIME FREQUENCY DISTRIBUTION DATA (OBSERVED> 
TRAVELERS CLASSIFIED BY HH INCDNE 
------~-~-----------------==------------==-------=--------===-----====-----==-----=------= "&ROUP INC. I INC.2 INC.3 !NC.4 INC,5 !NC,6 IDTAL 
-------------------------------------------------------------------------------

HHS UNEXPAH, 169 169 24B 404 243 JOO 13ll 
HHS ElP. 100) 7155 7580 10586 16975 10702 4028 57023 
EIP. FACTOR 42.34 44,B5 42.69 42.02 44.04 40.28 42, 78 

-------------------------=-------------=-------=--------====-------==---------=--·--=-=--c:-I NEAN TINE TRAVELERS 

I 5 I I 6 ll 3 3 26 
2 15 8 6 14 43 24 19 113 
3 25 12 20 31 64 41 21 18B 

' 35 14 27 45 78 44 15 223 
5 45 7 21 37 85 50 24 224 
6 55 5 19 28 l6 49 13 171 
7 65 II 6 45 81 60 17 21B 
B 75 3 4 18 49 34 14 122 
9 85 5 16 19 39 34 12 126 ' 10 95 7 8 30 2B 29 12 Ill 
II 105 I 5 6 2l 15 5 56 
12 115 2 I 8 16 21 B 56 
13 125 2 4 7 25 II 9 57 
14 135 2 5 6 16 12 I 43 
15 115 3 3 6 9 3 I 25 
16 155 0 0 2 II 12 6 31 
17 165 I I I 6 l 3 16 
1B 175 0 0 0 8 II 5 25 
19 1B5 I 0 I II 6 8 25 
20 195 0 I I 9 6 3 19 
21 205 2 0 0 2 3 4 II 
22 215 0 I 3 7 4 4 17 
23 225 0 0 I 6 2 4 13 
24 235 0 0 I 1 3 0 5 
25 245 0 0 2 2 2 I 6 
26 255 I 0 0 5 0 I 7 
27 265 0 0 0 0 2 I 3 
2B 275 0 3 0 2 2 3 10 
29 285 0 0 0 2 I 0 I 
30 295 0 1 0 I 0 0 2 
31 305 0 0 0 0 I 5 6 
32 315 0 0 I I 0 0 2 
33 325 0 0 0 0 0 0 0 
31 335 0 0 0 I 0 0 I 
35 315 0 0 0 I 0 I 2 
36 355 0 I 0 3 0 0 4 
37 365 0 0 0 0 I 2 2 
38 375 0 0 0 0 0 I I 
39 3B5 0 0 0 0 0 0 0 
10 395 0 0 0 0 0 0 0 
41 105 0 0 0 0 0 0 0 
12 415 0 0 0 0 0 0 0 
43 125 0 0 0 I 0 0 I 
44 135 0 0 0 I 0 0 I 
15 415 0 0 0 0 0 0 0 
16 155 0 0 0 0 0 0 0 
17 165 0 0 0 0 0 0 0 
1B 175 0 0 0 0 0 0 0 
19 185 0 0 0 I 0 0 I 
50 195 I 2 4 3 0 0 10 --------------------------------------------------------------------------------------
51 TDTAL 89 156 323 710 191 226 1986 

-------------------------==--==---------------====------------===-============-----==~=--=-== 

Cont. 
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APPENDIX 8 

TIME FREQUENCY DISTRIBUTION STATISTICS I READING 
TRAVELERS CLASSIFIED 8Y ID! JJICOl'IE 
===================================================s========:;:ss:===•============ 

SRDUP INC,I INC.2 INC.J INC,4 INC,l INC,6 TOTAL 
----------------------------------------------------------------------------
10oz OF TRAVELERS 

TR, OBSERVED 89 156 323 710 491 226 1986 
NAl, TT l!IN) "' 495 495 195 365 495 495 
AV6, TINE/TR, )l,18 74,55 72.4 80,51 80, 34 96,55 79,78 
s.o. DF rm bo,68 73, 7l 64,8 69.52 55.45 79.98 66.97 
S,E, DF TINE 7,07 l,9 3,61 2.,1 2.5 5.J2 1,5 
COEFF. OF VAR ·" ·" .9 .86 ,69 .BJ .84 
ALPHA 1,14 1,02 l.25 l.34 2,1 1,46 1,42 
BETA .02 .01 .02 ,02 ,OJ .02 .02 
&ANPIA ·" .99 ,II .e9 1.05 .e, .e, 
---------------------------------------------------------------------------------------------
99X OF TRAVELERS 

TR, OBSERVED 89 156 323 704 488 225 1970 
IIAJ, TT IIIJNl 495 495 495 J55 275 365 J55 
AV&. TINE/TR, 71,18 74.55 72,4 77.17 78.87 95,ll 76.68 
S.D. OF TINE 66.68 )l, 7l 64.8 59,58 52,J 77,9' 57,46 
S,E, Df TINE 7.07 5.9 J,61 2,25 2,37 5,2 1,2' 
CDEFF, DF VAR ·" ,99 ,9 ,7) ·" ,82 ,75 
ALPHA 1,14 1,02 1,25 1,68 2,27 l.49 1,78 
BETA .02 .01 .02 ,02 ,OJ .02 .02 
&ANNA .94 ,99 .91 ,9 1,15 ,119 ,9J 

------------------------------------------------------------------------------------
95X OF TRAVELERS 

TR, OBSERVED 85 149 JOB 679 470 217 1888 
NAl. TT !!IN) 185 215 155 215 195 275 205 
AV6, TINE/TR, 60,88 61,51 61,5J "·" 72,9' 86,84 68,78 
S.D. OF TINE 39,8 JB.15 JJ.07 46.27 4l,2J 65.19 43,J 
S,E, OF TINE 4.32 J,ll 1,88 1.78 1,99 4.43 I 
COEFF, Df VAR ,65 ,62 .54 ·" .59 ,75 ,63 
ALPHA 2,34 2,6 J.4. 2,29 2,85 l.77 2,52 
BETA ,04 ,04 .o, ,OJ ,04 .02 ,04 
&ANNA 1,2 1,43 l,18 1,16 I, 75 ,92 l,J5 

------------------------------------------------------------------------------------
90X OF TRAVELERS 

TR, OBSERIED Bl 143 294 642 112 207 1792 
• NAX. tT l!INl 145 IJ5 125 165 155 215 155 

AV&. TINE/Tfl, 58,IJ 57.0l 57.'9 62.!J bo.2 71,01 62,65 
S.D. OF TINE J5.99 · 31.34 28,61 J6,6' 34.82 55.64 35,01 
S.E. OF TINE J.95 2,62 1,67 l.45 1,6' J,87 .Bl 
COEFF, OF VAR ,62 .55 ,5 ,58 .5J .7 • !i6 
ALPHA 2,61 J,JI 4,07 2.95 J,61 2.02 3,2 
BETA ,04 .06 .07 ,05 .05 ,OJ ,05 
&ANIIA l.44 2,71 6,53 1,91 J.78 1,01 2.43 
-----------------------------------------------------------------------------------------------

Cont. 
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APPENDIX 8 

TIME FREQUENCY DISTRIBUTION STATISTICS: READING 
TRAVELERS CLASSIFIED BY HH INCONE 

GROUP INC, l INC,2 INC,3 INC.4 INC,5 lllt,; TOTAL 

1007. OF TRAVELERS 
TR, OBSERVED 97 149 316 686 492 211 1923 
NAX. TT (N!Nl 210 210 230 230 230 230 230 
AVG. TtPIE/TR. 64,49 61.69 ;5,25 71,87 76,43 82,04 71,68 
S,D. DF TINE 46,12 38,63 39.89 48,8 48,09 58, 'IS 47,61 
S,E. Df TINE 4,94 3. 16 2.2, 1.86 2. 19 4.06 1,09 
COE FF, OF VAR .72 .63 .61 .68 ,;3 ,72 .66 
ALPHA I, 'IS 2.55 2,68 2.17 2.53 1.94 2.27 
BETA .03 .04 .04 .03 .03 .02 .03 
SANNA • 9ll 1.38 1.52 1,09 1,35 .97 1.14 
-------------------------------------------------------------------------------------------

READING :TIME FREQUENCY DISTRIBUTION DATA (OBSERVED> 

TRAVELERS CLASSIFIED BY HH INCONE 
---==----------------------------------------------=--------------==---------------=--=-GROUP INC, 1 INC,2 INC,3 INC,4 INC,5 JNC,6 TOTAL 
--------------------------------------------------------------------------------------HHS UNEIPAN. 169 169 24B 404 243 100 1333 

HHS EXP, !00) 7155 7580 10586 16975 10702 402B 57023 
EIP, FACTOR 42.34 44,85 42,69 42,02 44.04 4D,28 42. 78 -------------------------------------=-----------=----•-11::•1:-:11:••--==--,---==-==n:==-== 

I NERN TINE TRAVELERS 

1 10 9 7 20 s. 27 22 139 
2 30 26 47 76 142 ~ 36 411 
3 50 12 40 65 141 99 37 3'15 
4 70 14 10 63 130 94 31 340 
5 90 12 24 49 67 ;3 24 239 
6 110 3 ; 14 39 36 13 112 
7 130 4 9 13 41 23 10 100 
8 150 3 3 8 20 15 7 56 
9 170 1 1 1 14 16 8 41 
10 190 1 1 2 20 12 11 44 
11 210 2 1 3 9 7 8 28 
12 230 0 0 2 7 5 4 18 
---------------------------------------------------------------------------------------------
13 TOTAL 87 149 316 68/, 4B2 211 1923 

• 
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TO 

FROM 

MOBILITY SYSTEMS. INC. 

7304 BROXBURN CT. 
BETHESDA. MD. 20034 

{301) 229.7762 

TECHNICAL MEMORANDUM(•) 

Robert W. Crosby 
Chief, Systems Analysis Division, U.S. DOT 

Yacov Zahavi 
Mobility Systems, Inc. 

February 5, 1982 

SUBJECT: THE TRAVEL MONEY BUDGET 

!. INTRODUCTION 

1,1 The analysis of travel regularities in four cities, Washington, D.C. and 
Baltimore in the U.S., and London and Reading in the U.K., was reported 
in a previous technical memorandum, of December 15, 1981. It was shown· 
that travel characteristics in a city are related through a system of 
close interactions, The report further showed that certain travel char
acteristics display regularities which are transferable among the four 
cities, principally the daily travel time per traveler. Due to its trans
ferable regularities, the daily travel time per traveler is regarded in 
the UMOI' travel model as a time budget allocated to travel, and applied 
as an explicit constraint in a process where accessibility to opportuni
ties within an urb3.n area is maximized. 

The second explicit constraint in the maximization process of the UMOT 
model is the travel money budget, This report presents new evidence 
supporting the existence of transferable regularities associated with the 
travel money budget, thus adding further confirmation to the underlying 
principles of the UMOT model. 

1,2 The money expenditures on travel can be derived from two principal sour
ces. The first source is a direct one, where household members are either 
interviewed personally, or requested to fill out written questionairs, 
about their actual out-of-pocket money expenditures on travel, Periodic 
nationwide surveys, or infrequent urban travel home interview surveys, 
are examples of the first source. 

The second source of information on travel money expenditures.is an in
direct one, where expenditure estimates are derived from the product of 
the reported travel distance by mode per household and the travel costs/ 
fares per unit distance, Based on the available data, the latter proce
dure has been adapted in this report. 

1,3 While nationwide statistics on travel money expenditures per average 
household are well known, not many reports are available on such expen
ditures by household socioeconomic characteristics within urban areas. 

(*) An attachment to Progress Report No.10, The UMOT Travel Model-II. 
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The available information to this date can be summarized as follows: 

Nationwide 

(1) Yearly expenditures on transportation, as a percent of total personal 
consumption expenditure on goods and services, have been quite stable 
in the U.S. over the last 30 years, as shown in Figure 1 (1,), 

fiaure 1 . Tran1port1.tion upendi1ure1 as• peratntago of total penonll cor,. 
,umption 111penditur11. 

--- / 
fOOD AND TOUACCO 

G AND HOUStHOLD 
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''t---------_.::""------
,0 

1980 

This stability is described. in Ref.(1) as follows; 

"Between 1950 and 1970 the proportion of personal consumption 
expenditure devoted to transportation declined. only slightly 
(from roughly 13 percent to 12 percent), even though the cost 
of travel in real terms fell substantially, A slight rise in 
the proportion of the budget devoted to transportation in 1974 
was followed. by a major increase from 1975 to 1977, when it 
reached a 20-year high of 14.3 percent. 

How transportation expenditure will change in the 1980s is 
unclear. The conjecture shown in Figure 1 suggests that house
hold travel expenditure will decline slightly during the 1980s 1 

and households will seek to reestablish the historical values 
of 12-13 percent," (Ref,(1), p,32), 

(2) Similar trends and values were also noted in other countries. For 
instance: U.K. in 1972 - 11,7 percent (going up to nearly 15 per
cent in 1980): Germany, 1971-74 - 11,3 percent; Canada, 1963-74 -
13,1 percent(,'.), 

Thuo, although income levels and travel costs/fares can differ among 
developed countries, the percentage of the travel money budget in all 
available cases appears to be similar both spatially and temporally. 
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Within Cities 

(Nationwide travel money expenditures incl~de both urban and intercity 
travel, while url.:an travel money expenditures are those for urban tra
vel only.) 

(1) Washington, D,C, 1 1968 and Twin Cities, 1970 1 U.S. The daily travel 
money expenditures, averaged by zones, where: households traveling 
by car only - 11,0 and 10,1 percent, respectively; households tra
veling by bus only - 4,2 and 3,4 percent, respectively, The ave
rage value in each city was about 10 percent (J), 

(2) The Nuremberg Region, 19751 Germany, The daily travel money expen
ditures were 11,8 percent for car-owning households, and 3,5 percent 
for non-car households, with an average value of about 10 percent(~. 

(3) Two Residential Areas of Delhi, 1979, India, The daily travel money 
expenditures were 11 and 9 percent(~:). Figure 2 shows the stabi
lity of the travel money budget across a wide range of incomes, 
(Only at extremely low•incomes do the percentages increase.) 

»~-----------------------------------~ 
"' I I 

I /NondNog" 
251- \ 

I 

20 I- \ 
\ J1n1k P"" 

I 
,s I ,_ 

... _ .... _ ... 

fig. 2 Ellpenditute on trampott II a propottion ol houiehold income 

(4) Kuala Lumpur, 1978 1 Malavsia, The daily travel money expenditures 
were found to be within a narrow range: "All households, irrespec
tive of income, spent some 8 percent to 11 percent of their total 
income on transport," (~) 

Thus, there is an increasing amount of evidence to suggest that travel 
money expenditures per household, similar to travel time expenditures 
per traveler, display consistent regularities which appear to be trans
ferable between cities of both developed and developing countries. 

This report details the travel money expenditures per household in two 
additional cases, in Baltimore 1977 and London 1977, The results, once 
again, are about 10 percent of income in both cities. 
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2, THE TRAVEL MONEY BUDGET IN BALTIMORE AND LONDON 

2,1 Introduction 

When deriyi~g estimates of travel money expenditures from the available 
data sets\*) - which are based on conventional home interview surveys -
the following caveats should be noted; 

( 1) 

(2) 

(3) 

(4) 

Daily travel costs were not reported. Therefore, they had to be 
estimated by indirect methods. (Even if they had been reported, 
the perceived. costs, especially for car travel, would not neces
sarily be the actual costs.) 

Aggregation of households by income groups - 6 groups in Baltimore 
and 12 groups in London - results in estimates of travel money ex-

. pendltureti which are averaged. over a range of different incomes. 

It is easier to transfer travel money between days than to transfer 
travel time. Consequently, wider variations should be expected in 
the travel money budget than in the travel time budget. 

While the daily travel time expenditures are related to the persons 
who actually reported. them (i.e., travelers), the daily money ex
penditures are related to the households' income level. Hence, all 
households within a given income group, even those which did not 
generate travel on the survey day, have to be considered.; the fre
quency of travel, namely the frequency at which the travel money is 
spent, has to be taken into account, especially when the available 
data are for only one survey day, 

It is encouraging to note that in spite of the above possible variations, 
the results detailed. in this report show consistent and transferable regu
larities in the two cities, similar to those observed. in other cities. 

2.2 Daily Travel Distance Frequency Distributions 

It was shown in the previous technical memorandum that the daily travel 
time frequency distributions per traveler display consistent regulari
ties, which can be correlated. with travel speed. Similar frequency 
distributions have been derived for the daily travel distance per tra
veler in Baltimore, and are presented in Figures J-4 for the six income 
groups, the four car ownership groups, and total (Appendix 1). 

(*) The data sets were described in detail in the previous Technical Memo
randum, dated December 15, 1981. 



- 5 -

Fig, 3 Daily Travel Distance/TR Distributions, Baltimore 
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FIG 4 TR~UEL OIST ✓ TR DISTRIBUTIONS 
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A pomparison between the time and distance distributions by household 
income in Baltimore is shown in Figures 5-6. 
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It becomes evident from the above two figures that the distance distri
butions display appreciably more variation than the time distributions, 
and that the spread of the former distributions is highly correlated 
with income; travel distance per traveler increases with income. 

A second comparison between the time and distance distributions is 
shown in Figures 7-8, this time for travelers in Baltimore segmented 
by car ownership levels. 
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It can be concluded. that speed is a key factor in explaining travel 
behavior; non-car travelers spend more time for less travel distance, 
while travelers with greater car ownership levels spend consistently 
less travel time for consistently longer travel distance. 
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Similar results were also found for London. (It should, however, be 
noted at this stage that: (i) travel distances in London are shown in 
metric units, and (ii) while the distance intervals in Baltimore are 
by 2 miles, they are by 10 km in London. Hence, these differences 
should be noted when comparing the London diagrams with the Baltimore 
diagrams,) 

Figures 9-10 show the daily distance per traveler fre~uency distribu
tions in London, segmented by car ownership levels, and total (Appen
dix 2), 

Fig. 9 Daily Travel Distance/TR Distributions, London 
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A comparison between the time and distance distributions in London, by 
car ownership levels, is shown in Figures 11-120 As can be seen, the 
same consistent tendencies observed. in Baltimore (Figures 7-8) are also 
evident in London; namely, less time is spent for more travel distance 
as car ownership levels increase. 

,._,, 

"' w 
_J 

w 
==· <I 
Ct:: 
>-
L. 
0 .. . -, 

(/) 

IL 
w 
_J 
w _ .. 
<I 
0::: 
>-

"-
·=· 
~ ..... -
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The above results have been shown per traveler. The daily travel dis
tance per household is dealt with in the next section, 
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2.3 Daily Travel Distance per Household 1 by Mode 

Figures 13-14 show the daily travel distance per average household, by 
mode, versus household income in Baltimore and London. (Taxi and mo
torcycle distances are not shown since their values are very small.) 
(Appendix J), 
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It becomes evident f'rom Figures 13-14 that while the daily travel dist
ance per average household can be different in different cities when 
stratified by household income (depending on such factors as household 
size and available modes/speeds), they increase consistently with income. 
Put another way, it can be concluded. that the travel money expenditure 
per household increases with household income in a consistent way, as 
detailed. below. 

• 
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2.4 Travel Expenditures per Household 

Travel ·expenditures per average household, stratified by 6 income groups 
in Baltimore and 12 income groups in London, were estimated as the pro
duct of daily travel distance per household by mode and their respective 
unit costs. 

The unit costs of travel were as follows: 

Baltimore, 1977: Bus fares were given by the Baltimore Regional Planning 
Council as 11 cents/mile. Taxi fares were estimated to be about 10 times 
bus fares, or 100 cents/mile. Car costs were derived from the U.S. DOT, 
FHWA publication "Cost of Owning and Operating Automobiles and Vans, 1979": 
in 1979 they were 24,6 cents/mile for a standard car, 21,7 cents/mile for 
a compact car, and 18,5 cents/mile for a subcompact car, all under subur
ban travel conditions, The values were interpolated for 1977, and an ave
rage value for the total url::an travel was estimated to be 20 cents/mile. 
Motorc_ycle costs were estimated to be about one half car costs, or 10 
cents/mile. Average passenger occupancies were estimated to be 1,5 for 
car and 1.2 for motorcycl8. 

London 1 : D.T.P. recommended figures for 1976 were: bus fares - 4,90 
p mile, and underground rail fares - 5.07 p/mile. Since no data was avai
lable for taxi fares, they were estimated to be 10 times bus fares, or 
49 p/mile. The available data for car operating costs were related to 
speed, and at a speed of 35 kph the operating cost was 2.6 p/km, or 4.18 
p/mile. Hence, the full car travel cost, including deprecia~ion, insur
ance and parking, was estimated to be 10 p/mile, Since no data was avai
lable on motorcycle costs, they were estimated to be 6 p/mile. 

Two points should be noted at this stage. First, the daily travel dis
tance by taxi and motorcycle per household were found to be very small 
in both cities and, therefore, any error in their estimated costs would 
not have any practical effect on the ¾ily travel money expenditure per 
household. Second, the estimated car costs, ~O cents/mile in Baltimore 
and 10 p/mile in London, are first-cut,bench-mark values, in the sense 
that they are gross average values; the actual values are expected to 
be significantly lower for low income households, operating moStly 
second-hand cars, while they are expected to be significantly higher 
for high income households, operating above-standard cars. Such diffe
rences in car costs are liable to surface when average values are used 
for all household classes. This, indeed, is the case, as shown below. 

Appendix J details the estimated travel money expenditures per household 
in Baltimore and London, (The daily income per household for the purpose 
of estimating the proportions of travel money expenditures is taken as 
the household annual income over ·320 active-days per year. Ref,2) 
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Figures 15-16 show the daily travel money expenditures vs. household 
income in Baltimore and London, where it becomes evident that the money 
expenditures increase consistently with household income, 

FIG. 15 TRAUEL EXPENDITURE US. INCOME 
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FIG . 16 TRAVEL EXPENDITURE IJS. INCOME 
J 4.0~--------------------~ 
:c 
:c •. 
w 3.0 
a:.a;: 

=· 1--Cl 2. 0 z 
w 
u.. 

0 
0 

LONCIOt-l 

2 4 6 8 10 12 14 
HOUSEHOLD I MCOME L< '000) 

A comparison between the above results and those observed in other cities 
(as detailed in Section 1,3) is shown in Figures 17-18. A line, expres
sing the observed 10 percent of income spent on travel in the other cities, 
is drawn in the two diagrams, which also show the estimated expenditures 
on travel, 

• 

• 
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FIG.17 TRAUEL EXPENDITURE 11-=--· •-' . INCOME 
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FIG. 18 TRAUEL EXPENDITURE US. INCOME 
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The following conclusions can be inf'erred from the above comparisons: 

(1) The average unit costs applied in Baltinore and London, which 
result in average expenditures of 9.2 and 10,0 percent, respec
tively, are similar in magnitude to those observed in other cities. 

(2) Applying an average value for car travel cost to all income groups 
appears to be unsatisfactory; it results in overestimation of the 
travel expenditures at low income levels, and underestimation of 
the travel expenditures at high income levels. In other words, 
the unit costs would be lower than the average value for low in
come households (operating mostly below-standard cars), and they 
would be higher than the average value for high income households 
(operating mostly above-standard cars). [Assuming that the 10 per
cent line holds for all income levels, the unit costs of car travel 
by income group can then be derived.] 
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In summarizing the results of this memorandum, it should be noted that 
daily travel ffioney expenditures per household can display very wide 
variations at the disaggregate level within each income group, partly 
due to differences in socioeconomic characteristics not accounted for 
in the above analyses (e.g., household size) and partly due to daily 
variations in travel generation. It is encouraging to note, there
fore, that the stratifiCation of households by income alone is su:ffi
cient to bring up consistent and transferable regularities not only 
in the daily travel time expenditures per traveler, as shown in the 
previous r~port, but also in the daily travel money expenditures per 
household. 

The above results have far reaching implications for travel modeling 
since (i) only few household socioeconomiC characteristics have to be 
predicted for a target year in order to estimate future travel, and 
(ii) the interactions between the time and money budgets per house
hold can be used to operate the modeli given the tlme and money budgets 
per household, the unit costs of the various available (or planned) 
modes, and an objective function (such as the maximization of accessi
bility), the model can predict the total daily travel dista~ce per 
household, by mode, as well as all other travel components, without 
laborious calibrations. This is the conceptual - and operational -
basis of the UMOT travel model. 

The results of this report add further support to the underlying prin
ciples of the UMOT model. They also suggest a method for testing addi
tional cases for consistent and transferable regularities associated 
with the travel money expenditures. 

• 

• 



• 

• 

• 

- 15 -

REFERENCES 

1, Spielberg, F,, Weiner, E, and Ernst, U, (1981), The Shape of the 1980s: 
Demographic, Economic, and Travel Characteristics, In Travel 
Demand Forecasting and Data Considerations. Transportation 
Research Record 807, TRB, Washington, D.C. 

2. Zahavi, Y. (1979). The UMOT Project. Report DOT-RSPA-DPB-20-79-J, U.S. 
nor, Washington, n.c. 

J. Zahavi, Y. (1979). Travel Over Time. Report DOT-FHWA-PL-79-004, U.S. 
DOT, Washington, D.C. 

4. Maunder, D,A,C,, Fouracre, P,R,, Pathak, M,G. and Rao, C,H. (1981), 
Household and Travel Characteristics in Two Residential Areas 
of Delhi, India• 1979, TRRL Supplementary Report 673, Trans
port and Road Research laboratory, U,K. 

5, E3.stman, C.R. and Pickering, D. (1981), Transport Problems of the Url:an 
Poor in Kuala Lumpur, TRRL Supplementary Report 68J, Trans
portat and Road Research Laboratory, U,K, 



- 16 -

APPENDIX 1 

BALTIMORE :DISTANCE FREQUENCY DISTRIBUTION DATA (OBSERVED> 

TRAVELERS CLASSIFIED 8Y HH JNC01'1£ l CAR OIINERSHIP 
=======================-=·-==-====================--=--==-==-===--=-===========-==-===-=-=====================-========== 

INCOl'IE GROUPS CAR motERSHIP LEVEL I 
GROUP INC. I INC,2 INC.3 INC.4 INC.5 INC.! 0 CAR I CAR 2 CARS lt CARS TOTAL 

--------------------------------------------------------------------------------------------------------------------------
I NEAN DIST. TRA~'ELERS 

I .5 2 9 5 10 • 8 9 19 10 2 40 
2 ' II 2! 9 3! 15 17 35 38 27 14 114 ' 3 4 10 22 19 32 1' 2'I 40 3! 34 21 Ill 
4 ! 5 21 21 18 27 27 20 51 35 13 119 
5 8 8 19 17 27 18 24 32 33 28 20 113 
! 10 ! 12 II 3! 19 2l 17 l! 32 22 107 
7 12 4 ! I! 19 15 24 9 34 2! 15 84 
8 14 .2 7 5 14 II 15 II 14 I! 13 54 
9 I! 2 4 ! 12 11 14 5 14 22 8 49 
10 18 I 3 8 II 12 15 ! 13 23 8 50 
II 20 3 2 5 13 14 23 2 I! 25 17 !O 
12 22 2 I 4 10 11 II 4 13 14 8 39 
13 24 I I l 13 9 I! 2 12 18 9 41 
14 2! I I I 7 5 ! 2 ! 8 5 21 
15 28 I 2 2 9 II 12 2 10 19 ! 37 
I! 30 0 2 2 3 10 ! 0 7 II 5 2l 
17 32 0 I 4 II 8 7 0 9 17 5 31 
18 34 2 2 3 5 7 8 2 7 14 4 27 
19 3! 2 0 2 9 s 7 l 11 5 8 25 
20 38 0 I 2 3 ! ! l 9 4 4 18 
21 40 0 I 0 3 0 4 0 5 2 l 8 
22 42 l l 0 4 l 4 l 3 s 2 II 
23 44 0 I 0 3 I 0 l I 2 l 5 
24 4! 0 0 0 2 3 2 0 2 4 l 7 
-------------------------------------------------------------------------------------------------------------------------
25 TOTAL !4 145 143 310 244 308 202 399 401 212 1214 

======-===========-==·========---==-===============================·====--====-=------==================================== 

DISTANCE FREQUENCY DISTRIBUTION STATISTICS: BALTIMORE 
TRAVELERS CLASSIFIED BY HH 1,co,E I CAR OWNERSHIP 

1,co!E GROUPS CAR ONNERSHJP LEVEL 
GROUP INC.! INC.2 JNC.3 INC.4 JNC.5 INC.! 0 CAR l CAR 2 CARS 3+ CARS 

1007. OF TRAVELERS 
TR, OBSER'JED !4 145 143 310 244 308 202 399 401 212 
"AJ.DIST.(KNl 42 4! 38 4! 4! 4! 44 4! 4! 4! 
AVG. DIST/TR. 11,05 9. 12 11. 91 14.49 I!. 12 15.8! 8.!3 13.75 I!. 15 15.73 
S.D, OF DIST. 10.05 9.05 9.2 11,47 11.22 II 7.87 11.22 11. 17 10,Bl 
S.E. OF 01ST. J.2! • 75 • 77 .,s ,72 .63 .55 .5! .5! , 74 
COEFF. OF VAR , 91 ,99 .77 ,79 .7 .!9 .91 .82 .!9 .!! 
ALPHA 1.21 1.02 J.!7 1., 2.0, 2.08 J.2 1.5 2.09 2. II 
&ETA , l l , II • 14 • II .13 , ll .14 • II .13 • 13 
6A"NA .92 .99 ,9 .89 1.03 1.03 .92 .89 1.04 J.05 

I 
TOTAL 

1214 
4! 

14.04 
10. 95 

.31 
• 78 

1,1>4 
.12 
.9 

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

• 

• 

• 
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APPENDIX 1 (Cont,) 

• 

• 

BALTIMORE :DISTANCE FREQUENCY DISTRIBUTION DATA <OBSERVED I 

TRAVELERS CLASSIFIED 81 HH JNCDNE I CAR OWNERSHIP 
============·=--=-=--=----============-==========·=======-====·====·==·=--=---=--================================--=-=== 

INCOIIE GROUPS CAR OINERSHIP LEVEL I 
SROUP INC. I !NC.2 INC.) INC.I JNC.5 INC.! 0 CAIi I CAR 2 CARS l+ CARS TOTAL 

-------------------------------------------------------------------------------------------------------------------------t IU1N DIST, TRAVELERS 

I 1.25 ll )5 II 16 21 25 14 57 )7 16 154 
2 s 15 4) 10 so 16 SI 60 87 69 31 250 
3 9 II )I 2B 6) )7 47 49 69 60 12 220 
4 !) 6 ll 21 )) 26 )9 20 48 12 2B 1)8 s 17 3 7 II 23 2) 29 II 27 IS 16 99 
6 21 s 3 9 2) 25 31 6 29 )9 25 99 
7 25 2 2 2 20 II 22 I 18 26 II 62 
B 29 I • • 12 21 18 2 17 30 11 60 

' 33 2 ) 7 16 IS ll 2 16 ll ' 58 
10 37 2 I I 12 II 13 2 20 9 12 I) 
11 II I 2 0 7 I 8 I 8 7 ) 19 
12 45 0 I 0 s I 2 I 3 6 2 12 
--------------------------------------------------------------------------------------------------------------------------• 13 TOTAL 64 115 Ill )10 211 308 202 399 IOI 212 1211 

• 

DISTANCE FREQUENCY DISTRIBUTION STATISTICS : BALTIMORE 
TRAVELERS CLASSIFIED BY HH IHCOIIE l CAR ONMERSHJP 
-------------------==-----=---==--==-------------------------------------------------=-------=----===--·====-=======-===== 

INCO,E SROUPS CAR OiNERSHIP LEVEL I 
SROUP INC. I INt.2 INC.) JNC.4 INC,5 lNC.6 0 CAR I CAR 2 CARS 3+ CARS TOTAL 

-------------------------------------------------------------------------------------------------------------------------
100% OF TRAVELERS 

TR, OBSERVED 61 145 143 310 244 )08 202 39' 401 212 1214 
11AJ.DIST.!IHJ 41 45 15 45 45 15 45 45 IS 45 15 
~VG, DIST/TR. 11. 11 9.09 11.99 14. 55 16.09 15.96 B.68 13.77 16.2 15.81 II.OB 
S.O. OF DIST. 10.0B 9.07 9.2 11. 59 11.21 11.0) 7 .8) 11.) 11.21 10.88 II 
S.E. OF DIST. 1.26 .75 • 77 .66 .72 .63 .55 .57 .56 .75 .32 
COE FF. OF VAR • 91 I • 77 .8 .7 .69 .9 .B2 .1, .1, • 78 
ALPHA 1.22 I 1.7 1.57 2.05 2.09 1.23 LIB 2.09 2. II 1.61 
BETA .11 • I I .II • II . ll . I) . II .II • 13 .13 .12 

• 6Alli,A .91 I .91 .89 1.02 1.01 • 91 .89 1.04 1.05 .9 
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APPENDIX 2 

LONDON 1DISTANCE FREQUENCY DISTRIBUTION DATA 

TRAVELER& CLASSIFIED IV CAR OIINERSHIP 
========a==••=========================•=======••=•===••======••===• 

CAR ONNERSHIP LEVEL I 
&ROUP 0 CIR I CAR 2• CARS TOTAL 

--------------------------------------------------------I NEAN DIST. TRAVELERS 

I 5 1797 9093 2547 18436 
2 15 3320 5500 1776 10594 
3 25 1360 2976 1171 5507 
4 35 553 1753 115 2971 
5 45 211 1090 530 1882 
6 55 80 418 218 767 
7 65 53 252 85 390 
8 75 13 140 .. 219 

' 85 3 131 42 181 
10 15 23 58 30 111 
11 105 11 40 16 67 
12 115 11 35 14 51 
13 125 3 29 8 40 
14 135 0 11 0 II -----------------------------------------------------------
15 TOTAL 12488 21581 7168 41235 

DISTANCE FREQUENCY DISTRIBUTION STATISTICS 
TRAVELERS CLASSIFIED BY CAR OWNERSHIP 

CAR OIINERSl!IP LEVEL I 
&ROUP 0 CAR I CAR 2+ CARS TOTAL 

1001' OF TRAVELERS 
TR. OBSERVE& 12488 21511 7118 41235 

NAl.OIST. IKNI 125 135 125 135 

AV6. DIST/TR. 13.05 18.34 20. 78 17 .II 

S.O. Of Dlil. 12,ll 17.19 18.45 11.'6 
S.E. OF DIil. • 11 .12 .22 .08 

COE FF. DF VAR .95 ·" .a, .97 

ALPHA I. I t.08 1.27 1.06 

Bl:TA .08 .06 .06 .06 

SANNA .95 ·" ., • 97 

• 

• 
(EXPANDED) 

• 

1 LONDON 

• 



• 

' 

,. 

• 

• 

• 
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APPENDIX 3 

TRAVEL HONEY EXPENDITURE I BALTIMORE 

CLASSIFICATION BY HH INCOME 
------------------------------------------------=-=z=-=====-=--=-===••=----------------== 
INCOl1E GROUP ............ : 2 3 4 5 6 AV&, 
--------------------------------------------------------------------------------------
HH lNCONE t('OOO),,,,,,,: l.00 6.00 10.00 15,50 22,00 28,00 15,'5 
rnCONE/DAY t,,,,,,,,,,,,I 9. 38 18, 75 31.25 48.40 68.75 87 .50 49.84 
CARS PER HOUSEHOLD.,,.,,1 0.26 0.61 0.85 1,54 I.BO 2.34 1.41 

DISTANCE/HH : CAR,, •• ,,.: 6.66 13.74 17.21 29. 18 42.27 51.62 30.22 
DlSTANCE/HH . BUS ....... : S,01 4.!9 3,64 3.!6 3. 70 l,03 3,69 . 
D!STANCE/HH: TAIi, ..... : 0.21 o. 17 o. 17 o. 16 0,03 o.oo O. II 
DISTAIKE/HH : N/C,, .. ,,,: 0.00 0.03 0.!4 0.61 o. 15 0,51 0.!3 

OISTANCE/HH : JOT AL ..... : II.BB 18.33 21,3' 33.31 46.15 55,16 34,35 

NONEY EXPENDITURE, t,,,,: 1.65 2,49 2.90 4. 48 6,09 7.27 4,57 
NONEY EXPENDITURE, l,,,,: 17 .60 13.30 9.30 9,30 8. 90 8.30 9, 17 
============================================================================•n=========== 

1NOTE: DISTANCES ARE IN IULES) 

TRAVEL HONEY EXPENDITURE, LONDON 

CLASSIFICATION BY HH INCOME 
-----------------------=-----------=--------===---------------=•=-====--------=-=--•=••=•-=--=-===--==-n==•------=•= 
1,co,E 6ROUP ..••••.••..• : 2 3 4 5 6 7 8 9 10 II 12 AV&, 
-----------------------------------------·-------------------------------------------------------------------
HH INCO!E li'OOOI •• ,, ••• : 
JNCO"E/DA\ L. ... ...... , : 
CARS PER H USEHOLD •.•••• : 

DISTANCE/HH : CAR •.•••.• : 
OlSTANCE/HH : BUS ....... : 
OISTANCE/HH: RAIL .•.••• : 
OISTANCE/HH : TAXI .•.••• : 
DISTANCE/HH: "/C ••.•••• : 

DIST(INCE/HH ' TOTAL. .... : 

"ONEY EXPENDITURE, L .... : 
"ONEY EIPENDITURE 1 1 .... : 

0.50 
1.56 
0.07 

o.s2 
1.99 
0.41 
o.oo 
0,00 

2.92 

0.15 
9,60 

I.DO 
3.13 
0, II 

I. 76 
2.36 
0.60 
0.01 
0,06 

4. 79 

0.27 
8. 70 

1.38 
4.31 
0.24 

J.06 
3.15 
1,51 
0.05 
o. 12 

7.89 

0.47 
JO.BO 

I, 75 
5.47 
0,33 

J.99 
J. 10 
1.71 
0.07 
0.33 

9,20 

0.56 
10.20 

2.25 
7.03 
0.45 

6. 78 
4.01 
2,86 
0.16 
o. 16 

13. 97 

o.0e 
12.50 

2. 75 
8.59 
0.56 

8.23 
3.26 
3.60 
0, I I 
0.41 

15,61 

0.97 
11.30 

3.50 
10,14 
0,72 

11,38 
3.bB 
5.25 
0.0! 
0,63 

21.0J 

1.29 
II.BO 

4.50 
14.06 
0,85 

12.84 
3.58 
6. 10 
0.09 
0.55 

23.16 

1.42 
10, 10 

S.50 
17, I! 
0.96 

16.31 
3.94 
8. II 
o. 15 
0.65 

29. 16 

1.81 
10.60 

6,75 
21.09 

I.OB 

17.84 
3.77 

10, 14 
0.01 
0,57 

32. 39 

1.96 
9, 30 

e. 75 
27,31 

1.27 

40. 79 

2.51 
9.30 

11.50 
35.94 

1.52 

26. 14 
3.54 

13.78 
0.58 
1.01 

45.05 

2.96 
8.20 

4,09 
12. 78 
o. 70 

11. 13 
3.13 
5.63 
0,12 
0.48 

20. 79 

1.28 
10,04 

-----~------------=--=-=----=--------------=---=-----------------=-----==---==--------==----=-==-=•==••••=----=--==• 
!NOTE, 01S!ANCES IRE IN !ILESI 
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