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THE UMOT MODEL

Summary

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 components 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 with travel. Transparency
and user interaction are provided by self-contained instructions, graphic displays
and alpha-numeric readouts. Presented here, in addition to a description of the
model, are several examples of policy analysis involving automobile costs, transit
fares and transit speed.

A. The UMOT Model Description

I. 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 urban travel and land 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 Jow-priced microcomputer.

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

(1) 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. All model components are linked 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 Court
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.

(#) 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.

In the fully completed form the UMOT will handle information in at least five
dimensions: household number and size, income distribution, trave! 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 is also being undertaken.

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:

(1) Changing bus fares.

(2) Changing bus speeds.

(3) Introducing (or curtailing) rapid transit.

(#) 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.

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

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

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

The model has a number of built-in relationships that were found 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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(1)  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 a8 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".

- Apgain, 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.

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

The inputs are:

()  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 typically 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:

)
(2)

o)

%)
(5)

Car ownership per household by income group.

Proportions of households owning 0, | and 2+ cars ‘within each income
group.

Class of car purchased by income group.

Number of travelers per household.

Daily travel distance per household, by rndde.
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(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 utilized,

(10) 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.

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

(I2) Hourly person trip rate, distance, time and speed by mode and by trip
purpose. .

(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.

(i6) The spread of peak hour travel into peak period travel under congested
conditions.

(I7) Daily and hourly fuel consumption, by mode, per household type.

It is important to understand 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-
gence, thus making the model transparent as opposed to the typical "black
box". In its present form it is programmed on an Apple Il microcomputer.

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 Optxmal combination of avail-

able or planned modes;
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{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 is iterated until the outputs of consecutive runs cc;nverge
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 1 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,

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

(1) Car ownership, to éatisfy 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.

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 mode! is sensitive to such issues, énd it can assist the policy
maker in the evaluation of a wide range of alternative options. 3everal
examples follow.
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The WMOT Urbten Daily Travel Model: Simplified Numerical Nlustrations

...-At‘"
Introduction

Cne way of showing the povwer of the UMCT model is by very simple 1llus-
traticns. In the following examples a hypothetical city of 100,000
households is represented by two income groups, medium~high and medium-
low. Identifled respectively as groups I and II, they have average
incomes of $ 35,000 and $ 15,000, For further simplification, all
households are assumed to have three members. The model runs that fol-
Jow show how the output variabtles react to various changes in the
characteristics of the transportation system.

Since in its present stage of development the UMOT can deal with three
modes simultaneously, the three modes in the following examples are ¢ar,
bus and walk., (As walking is found to be a relatively small proportion
of trzvel, it can be replaced by another mode, such as rapid transit.)
Subsequent development of the UMOT model will allow the simultaneous
addition of several more modes. The unit costs of the three modes in
the initial runs are those of 1979/80.

The Initial Runs

The initizl runs of the UMOT model are designed to find the range of
road neivworks that would satisfy convergence of the travel system,

Tatle 3 shows the basic outputs of these two runs: starting the analysils
with a very small arterial road network (10 km length) results in a mini-
muc required length of 285 km, while starting with a very large arterial
rozd neiwork (1,000 km length) results in a maximum useful length of.

492 Jan. Namely, 285-492 km is the range within which the two household
groups can reach equilibrium (i.e., utilize their two travel btudgets to
their full effect). All subsequent runs were made for an intermediate
rozd network, 350 km in length, and the first run is shown in Table 1.

As expected, car ownership levels, total travel distarce, and speeds, all
increase With lncreases in the lengih of road network. XHowever, there
are zlso several Tesults which suggesi a better insight Into the travel
system: First, high income households can take better advantage of an
increased road network, increasing both their car ownership levels and
totel travel disiance appreciably more than low income households.

Second, and contrary to conventional beliefs, congested travel conditions
do not necessarily result in increases in bus travel; it 1s rather bus
travel which suffers first. Since the total daily travel distance per
househsld decreases when congestion increzses, bus travel becomes even

less attractive than before, and is the first to suffer a loss of travel

(zodal split in the UMOT model is measured by travel distance, and not
by trips). ' -

I2sily, when speed increases, and high income households increase their
cer ownership levels, the car factor (representing car class) decreases,
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Tatls 3 ¢ Basic Qutputs of the UMOT Kedel

Starting Assumptions: 50,000 houssholds at $ 35,000
50,000 houssholds at § 15,000

Housahold size = )

Arterial road network: 10, 350 amd 1,000 n respectivaly

scxzzzzsesx PROCRAM QUTPUTS exs=sPACE 1

CATACORY
CARE/HH

CAR FACTOR
TR/HH
TIMESTR(HR)
TIME/HH{HR)
TH/HH{ 8 )
TH/HH( XD

SFEED NET.(KPR)

. SFEED D-D

RDAD NET.(KM}
tAR DIST.
BUS DIST.
WALK DIST.

" YOT. DIST.

J50 kn

nop, SPLITUZ)

GROUP 1 GROUP 2
1.26 95
1-6 091
2.03 1.88
1.14 1.15
2.3 2.16
12.03 s
i1 10.66
34.33
20.87 17.35
285
44.73 29.65
2.97 6.27
49 1.61
48,19 37.52
$.22 17.46

msszzxamapxns PROGRAM DUTPUTS ==sPAGE 2

JFR$0=sresx=sxxx PROGRAM

CATALDRY
CARS/HH

LAR FACTOR
TR/HH
TIME/TR(HR
TIHE/HHIHR )
TH/HH{ %)
TH/HHC X))
SPEED HET.(KPH)
SFEED D-D
RCAD NET.(KM)
CAR DIST.

BUS DIST.
MALK DIST.

TOT, DIST.
#HoD, SPLIT(Z)

OUTPUTS m==xPACE 1

GROUP 1 GROUP 2
1.44 + 99
1.48 +71
2012 1.9
1.12 1,14
2.38 2.17
12.03 S.13
11 10.94
38.3%
3.48 19.11
350
52,26 32.48
3.33 7.31
4l 1,63
54 4%.43
S.9% i8.38

1,000

JPR¢Oxxzzemmsxex PROCRAN OCUTPUTS ====PACE 1

CATAGORY
LARS/HH

CAR FaCTOR
TR/HH
TIMESTROHR D
TIHE/HH{KR)
TH/HM( $)
TH/HH( Z)
SFEED NET.(KPH)
SFEED D-D
ROAD NET.(KM)
CAR DIST.

_ BUS DIST.

WALK DIST.

T0T. DIST.
fHoD, SPLIT(X)

GROUP 1 CROUP 2
1.81 1.01
1.23 91
2.3 1.71
1.11 1.13
2,953 2+13
12.03 S.14
11 11
446.48
29.31 21.73
492
70.87 34.83
3.483 10
'.13 1."
746.63 44.75
4.87 22.31

CATECORY GROUP 1 CRQUP 2
NO. OF CARS 63192 47541
Z OF CaARS 57,06 42.94
T HHID CARS 8.01 14.44
X HHI1 CAR 59.4% 81.2
Z HK:2+ CARS .32.3 4,34
CAaR COST(s) o246 «15
‘PUS FARE($) N 0%
EXFEND. CAR(S) 11.74 442
EXPEND, BUS(S) - 027 56
EXFEND, WALK(S) © 02
TH/HH( $) 32,03 5 -
EXFEND. CAR(MIN) 117.14 77 .64
EXFEND. BUS(NMIN) 15.54 32.84
EXFEND'. BALK(MIN) E.88 19.3
TT/H (NIN) 138.58 129.78
zsrsxxnszzexx PROCRAM OUTPUTS =s=PACE 2
CATELORY GROUP |} CROUP 2
NO. OF CARS 720%0 49576
I OF CARS °9.25 40,75
Z HH!Q CARS 4.5 ° 12.%8
X HHI1l CaR &7 .87 7%.14
T HHI2+ CARS 45.82 B.28
CAR COST(%) «22 14
BUS FARE($) +07 09
EXPEND, CAR(%) 11.73 4,45
EXFEND. BUS(S) 3 obb
EXPEND, WALK(S) +] 02
THM/HHO %) 12.03 5,13
EXFEND, CAR(HIN) 122456 76,18
EXPEND, BUS(KIN) 15.482 34.31
EXFEND, WALKIMIN) 4.92 1%.57
TT/HH (MIK) 143.1 130.04
scxcx=xxxxzxz PROCRAM OUTPUTS ===PACE 2
CATECORY GROUVP 1 LROUP 2
NO. OF CARS 90417 B05464
Z OF CARS 44,19 35.81
Z HHIO CARS 4,35 11.3%
% HHI1 CAR 28.34 76.3
X HHI24 CARS 47 .2% 12.3%
CaR COST($?} 17 12
BUS FARE(S } 09 N
EXFEKD. CAR(S$) 11.7 &4.24
EXPEND, BUS($) «33 v
EXFEND, WALK($) 0 .02
EXPEND. CARI KINY 137.1% AT .41
EXPEND, BUS{HINK) 14.03 38.71
EXPEND, HﬁLK(HIH), 1.62 22.94

. TT/ZHH (MIND is2.8 129.06
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signifying an increased proportion of less expensive cars. Conversely,
under congested travel conditions car ownership levels go down for all
income groups, resulting in high income households purchasing less cars
of a higher quality; e.g., in highly congested Hanhattan the rich buy
Tew tut expensive cars.

Figure 1 shows the iterations of the tasic travel components for each
income group until convergence is Treached: cars per household, car fac~
tor, road network lengtih, and neiwerk and door-to-door speeds. The
convergence steps are done at two> levels: convergence for each sepa-
rate household group, and convergence for all household groups together.
It should be noted that the numter of iterations can be reduced appre-
ciably by relaxing the conditions for convergence.

Itera{ions for Car Factor

i

Iterations for Cars/Household

2000

1000

—f

[EILLEE TR Y]

-----

I

50
1 (| I |
n
DU Rog t 1 S R
f | A A 0 ) ) y

Iterations for Speed; Network (v )
Door-to-Door {vg)

kph

Figure 1 3 Iterations to convergence of Income Groups I and II

Arterial Road Network

= 350 kn
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Increzses in Car Travel Costs

Figures 2 to 7 show scme of the effects of increases in car travel costs
on the various travel components. It is to be noted that the diagranms
display partial results of a complex system and, therefore, they have to
be interpreted simultaneously. Car travel cost should be interpreted as
beling relative to household income, 1In this sinple illustration income
has been held constant, therefore absolute and relative costs are the
mel

Figure 2 shows that cars per household decreases monotonically for the
low income group. Of special importance is the appearance of & eritical
threshold, at about 460 percent increase in car travel cost, after which
car ownership levels drop ly. Cars per household for the high in-
come group show mixed resulis (suggesting an indeterminate trend in the
car market), which are affected by several factors: a decrease in the
nunber of cars belonging to the low income group (as shown in Figure 3)
thus increasing network speed, 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 totz2l 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.

14a+ 3+ TOTAL CaRZ WS, caRr COsT

1204

198+

e,

nCDI4 VDO

o —
L e L S St e et
2 1% ZB 38 48 SB 60 72 82 SV I19
INCREASE IN CRR COST (%)




- 10 -
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Figure & shows thai the use of the availatle road network decreases,
thus suggesiing redistribution of travel vatterns; e.g:7 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.
These changes suggest a significant change in household cholces associated
with car classes; a shift towards smaller and more gas-efficient cars.

The highest rate of choice~change is ncted for the high inconme ZToup;
these households have wider range for, ané more flexibility in, changing
their choices than low income households,

(Note: In the short term both low and high income households may have
to increase their travel money expenditures to use the cars they now
own, but ir the medium and long-term a shift to smaller and more effi-
- clent cars appears to be inevitable if gasoline price relative to in-
comes remain at an increased level.)
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Figures 6-7 suggest that significant changes in modal choices are
expected for low income households: & significant loss of car travel,
with only a marginal increase in bus travel; altogether there is a loss
of travel, which emphasizes that modal shifts by trips, conventionally
Tegarded as a one-to-one transfer, may convey a false, too optinmistic,
shift to bus travel. The modal choices of high income households, on
the other hand, are tarely affected. -
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Figure 8 revezls part of the explanation of the loss of travel bty low
income househzlés: a transfer from car to bus travel resulis in a
reduction of cocr-to-door speed, which then inhibits travel. The door-
to-door speed 2f high income households, on the other hend, is barely

affected. ‘
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Decreases in Ius Fares

Following are some sample policy analyses.

Figure 9 shows the effects of tus fare reductions. The conventional
consensus is that the demand function for bus trxravel is negatively
sloped, namely that a decrease in btus fares should result in increased
bus travel, ari vice versa. Indeed, short term observaticns tend to
support a negztively sloped demand function, although an inelastic one.

The UMOT model, Dbeing a medium and long-term model, suggests results

, ¥which, at first sight, appear to be counterintuitive. Figure % sug-

gests that & cecrezse in bus fares, down to zero fare (free bus travel)
increases cay ownership levels for low income households, as well as
decreases the dexznd for bus travel,
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uIn this case the "Giffen effect' becomes apparent: a decrease in the

price of an inferior good allows the consumer to divert monies to a
superior - though more expensive - good; e.g., repeating the classical
example, if potatoes become very cheap, or completely free, a low in-
come household would purchase in the long run more steaks -- not more
potatoes, The Giffen effect, however, depends on several factors,
including the initial consumption quantities of inferior vs. superior
g€oods. Indeed, Figure ¢ suggesis that the high income households are
indifferent to changes in tus fares; it is the low income group which
benefits from lower bus fares, by employing the money thus made aval-
lable to enable some of the members of the household to travel by the
(snperior) car,

(Note: The short-term increase in the number of bus passengers when
bus fares decrease substantially is due mostly to & transfer from walk-
ing to bus travel, as well as an increase of sightseeing trips, and
trips by the disadvantaged. The latter category of travel can also dbe
eccomodated by means other than a general reduction in bus fares.)

Increases in Bus Speeds

Low bus fare 1s the superior quality of bus travel, while low speed 1is
its inferior quality. Thus, improving its already superior quality -
fares - does not seem to be the way to atiract travel to buses., How-
ever, improving its inferior quality -~ speed - appears to have the
desired effect.

Figure 10 suggests that increases In bus travel speeds make buses a
partial substitute for car travel for low income households, thus
lowering their car ownership levels. High inctome households, on the
other hand, are affected only marginally, and in the opposite direc-
tion; 1less cars of low income households on a glven road netwerk re~
sults In increased travel speeds and, hence, increased car ownership

. levels for high income households. Thus, while improving transit

patronage, increasing bus speeds may be a nixed-blessing from the.
stendpoint of, say, energy consumption.

(Note: The effecis of a rapid transit system on travel will be anz-
lyzed and reported in the futiure.) .
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The UMOT Hourly Travel Model

1.

2.

o o

The UMOT hourly travel model is complementary to the UMCT dally travel
model. Its purpose is to distritute the daily travel, by purpose, over

24 hours., In its firal form it will be interconnected to the deily tra-

vel model through & feedteck link, where only selected information will
flow between the two models (i.e., structured programming modules).

At this initial stage of developmen't, as presented below, the hourly
model requires only four exogenous inputis for each travel purposes

(1) The mean starting hour of travel;

(2) Duration of the sctivity;

(3) Coefficient of variation for the starting hour of travel; and
(4) Proportions of travel purposes.

Two additional inputs are endogenous, coming from the daily travel model
and specifying the total daily car travel distance (Vehicle Kilometers
of Travel, or VKT), and the road network., The hourly travel model then
distributes the VKT over 24 hours, including both outbound from, and in-
bound to home, as well &s the non-home based travel.

In addition, the model estimaies the hourly network speeds and travel
times for each travel purpose and total purposes, lesed on hourly speed/
flow relationships. The average daily travel speed and travel times are
then fed beck into the daily travel model and iterations are carried out
until the outputs of the two models converge.

. If the exogenous inputs result in travel congestion, where travel speeds

decrease and travel times increase appreciah&y. the ranking of choices
within the algorithm are:

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

(2) Changes in the proportions of trip purposes, based on previous]y
observed relationships relating to the ranking of trip purposes
by the travelers.

For example, if travelers use up all their travel time and money hudgets
during congested periods for their essentlal travel purposes, such as
work and business, none remain for discretionary travel, such as social
and recreation. Thus, the planner and policy maker can evaluaie and
assess the effects of alternative transportation plans and regulations

- on the activity levels in the urbtan area which require travel to and

" from the activity ocations.

3.

In the following examples the UMOT hourly travel model operates inde-

pendently., Figures 1-5 show sample outputs of the hourly travel model,
presented as percent of the total dally VKT,
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Figures 1 and 2 show the outbound and inbound hourly travel, respec-
tively, for five travel purposes, and their total: Work, Buslness,
Shopping, Social-Recreation and Other (the inbound travel, back home,
35 calculated automatically). Detailed output tables and disgrams
will be shown during the program display.

Figzure 3 shows total outbound, total inbound and grand total of all
travel., '

Figure 4 shows the hourly distribution of travel times.
Figure 5 shows the hourly distribution of speeds.

Of particular interest is Figure 3, which shows the hourly distribution
of total travel in an urban area. Although three of 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 are
remarkably similar to observed distributions in uwrben areas.

4

FIG. 1 VKT OUTBOUND, BY PURPOSE & TOTAL

15 -
4
v ]0.:
}{ -
T -
g 0
0 ] .
1 6 12 18 24
Hour Beginning
15 — FIG. 2 VKT INBOUND, BY PURPOSE & TCTAL
v 10 ~
K L
T ]
%

1 6 12 18 24 - L.
Hour Begzinning -



Mom;.n‘t- Sraveud. Inc.

Mo Uptgtdin

- 16 -

FIG. 3 VKT TOTALS _ e

15
10 —
4
5“
0 “__iiﬁ"I_‘lliI}'llI.lllI’T‘,_;f
) 6 12 18 24
Hour Beginning
10 FIG. & fDIS'I‘RIEU’I‘ION OF TRAVEL TIME
20 .
10 —
0 :hll“l"l_i_l_'l TT_I_I_I_‘_I_[i'iIII
1 ) 12 18 24
Hour Beginning
FIG. 5 DISTRIBUTION OF SPEED
50 — . :
40 —
30
20 —
10 —
ﬂ
o !11'1'[_I_I'l“l_l_l'_l_l‘|"‘l_‘

1 6 12 " 18 24
Hour Beginning ’



- 17 -

D. The UMOT Intercity Travel Model
1. troduction

The UMOT travel model can be appreciated best when applied to intercity
travel, where differences between modes can be more proncunced (say, car
vs. airplane) than in urban travel, and trip distances are not confinad
by the boundaries of an urten study area,

A1]1 currently operational intercity models, like urbtan models, have to

be calilrated to the observed travel choices which they are required to
estimate, and their validity hinges on their -ability to reproduce the
choices to which they were fitted. The UMOT process, on the other hand,
1s besed on the constraints under which travel cholices are mzde, and

the predicted travel choices are then compared with the observed choices -
for the model's validation.

The inputs required for the UMOT model are: (i) the time and money bud-
gets allocated to intercity travel by households of different population
segments, and (ii) the operziional characteristics of the modes, assumed
in this case tc be three: car, rail and a ;;plane.

While there is a rapidly increasing amount of data on the time 2nd money
budgets thet households allocate to their urban travel, not much datz ,
have yet been summarized for intercity travel. Therefore, the following
examples tan be regarded as sensitivity tests for the intercity UMOT pro-
cess, where intercity iravel is generated under a wide range of assumed
moeney 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 daily time budgets is
4.5 to 6,7 hours, as detajled in Table 1.

It is to be noted at this stage that the above travel money and time
budgets are not allocated to travelers with specific incomes or other
socioecononic characteristics, Such an allocation still aweits data
from actual surveys. Furthermore, in the following simidations no
assumptions are made about the frequency of travel; e.g., & traveler
could either spend $ 50 on each of four trips during a certain period,
say, & year, or save and spend $ 200 on one trip. Thus, the simulations
deal with a range of trips, without specifying thelr frequency per tra-
veler.

The matching of time tudgets to money budgets of travelers is based on
the reasonable assumption that there is an increasing reluctance to
spend more time on intercity travel as money expenditures increase,

with an upper 1limit of about 8 to 10 hours during one day. Thus, the
travel time budget is assumed to increase with money tudgets at dec-
reasing rates, following a decreasing marginal utility trend, expressing
known trends of the "value" of travel time.,



2.

3.

The Assumptions

Three modes are considered here, car, rail and airplane.

during the pericd late 1978 to early 1979,

Because 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:s (1) the first run of the UMOT process is based only on the net-
works' unit costs, and (2) the iteration 1s carried out on the tasls of
the generated travel distances by mode, resulting from the first run,
with the addition of the access-egress times and costs, which affect the

nevw costs and, hence, also the new travel distances,

Basic Results

Applying the UMOT travel-distance maximization process results in the

following outputs:

{1) Total travel distance using available modes within the travel
{ime and money budgets and, as a result, simultanecus mode

shares;

(2) Allocation of travel time and money to each mode and, ‘the:re—.
fore, the expected revenues for the operators of the public

modes; and

(3) Average travel speed.

Table 1 summarizes the outputs of travel distance, total and by mode,
and Figure 1 shows the maximum travel distance, by mode and total, that

can be generaited within the travel budgets.

Table 1

JFR$0============= DATA SUMMARY
MM TY TOT.KM CAR%Z RAILZ
1% 1.54 @7 77.1%9 14.56
7.5 1.83 112 &68.47 21,08
20 2,08 127 4.4 23,07
29 2.5 1355 oB.02 22.26
30 2.85 184 49.15 21,69
40 3,39 260 35.55 20.9
50 3.82 350 28.85 19.64
75 4,58 SB8O 20.41 15.67
100 5.13 810 15.95 12,65
150 S5.89 1246 10,66 B.54
200 6.44 1720 7.57 &6
225 &.66 1747 6.42 5.04

M ~ travel money budget, $
IT = ¢ravel time h.ldset ] hrs,

The operational
characteristics of the three modes are tased on.actual travel experience
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There is nothing unvsual in Figure 1, but if the proportions of travel
distance by mode are related to the total travel distance, a remarkable
transformation takes place, as shown in Figure 2, which i1s the well
known relatlionship of trip modal split vs. itrip distance.

The last result is of special interest for the understanding of travel
behavior. The proportions of trip modal split by trip distance is an
observed relationship, to which other models are calitrated. In the
UMCT model, on the other hand, it is an output from & model of behavior,
thus suggesting a behavioral rationale for the observed relationship. -
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L. Responses of the Travel System to Changes o

The UMOT process is responsive to changes 'in the inpuis relating to
either the cperationzl characteristics of the modes or the travelers.
For instance, it 1s well known from 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 from the mode cholice of 2 single traveler. The UMOT process
treats such cases readlly. .

In the following example car travel costs are being increased steadily,
while the travel costs of rail and alr are kept unchanged. The resultis,

for & travel money tuiget of $ 50, are shown graphically in Figures 3
and 4- z

Ficure 3 shows the effects of increases in car travel costs on the tra-
vel distence, by mode and total., While the total travel distance tends
to decrease monotonically, there is a marked shift in modal shares with-~
in it; rail gains travel, while air loses txavel., Car travel, on the
other hand, shows mixed trends. A better representation of these trends
are shown in Figure &,
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Figure & shows the modal splits of the three modes within the total tra-
vel distance, where rzil gains travel monotonically and air loses travel
monotenically, These are expected results. However, there is also an
unexpected result, counterintuitive, which suggests that car travel
increases with modest increases in car costs (up to about +40 percent).
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When referring back to Figure 2 the counterintuitive result is resolved;
higher travel costs, by whatever mode, result in Yess total travel dis-
tance, namely a shift towards the left-hand side of Figure 2. In the °
analyzed case, § 50 and a total travel distance of about 350 km, & 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 is that conventional mode-choice models,
which deal with irips, are not structured to display such trends. The
UMOT model, which deals directly with travel distance (within which tra-
velers can trade off trip rates vs. trip distances) is able to illuminate
the complexity and richness of the travel system from a new viewpoint,

as well as suggest travel trends which cannot be foreseen by intuition
alone,






The Unified Mechanism of Travel Model

should be available for policy analysis by the end of the ysar

The UMOT urban travel;lund-use model has besn
cenceptualised and developed by Yacov Zahavi*,
and its development and application as a policy
analysis tool sponsored by the US. DoT's
Research and Special Progrums Administration
with the co-operation of UMTA, FHWA and
FRA. [n summary, its principal advantages for the
user are: (@) far more realistic representations of
urban travel and land use, including their inler-
actions, than are available from conventional
upproaches; and {# a model that is not dawa-
hongry, does net require calibration to the
observed choices, and can therefore be run quickly
and inexpensively on a low-priced micio-
computer.

Unlike conventional models, UMOT uses a
multi-loop feedback design in which all travel
components interact simultaneously, preducing
many outputs from few inputs — costly calibration
te 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 displays
and alpha-numeric read-outs. Having very modest
data needs, the mode! hus been programmed onan
Apple [ microcomputer,

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

{!) All components of travel, such as car
ownership, travei demand and mode choice, are
unified under one operating mechanism, and
not determined separateiy by independent sub-
models as in conventional approaches. This
singie mechanisim 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 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.

{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 effect, depending on

the step of the analysis.
n 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 trajectonies of change can be explored.

In its present stage of development the model
integrates the first four dimedsions. 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 mode! shows preat power even new 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 modelied, are
planned. [ts application to inter-city travel is also
being undertaken. ;

The model is capabie of exploring the effects of
both policy actions and external factors. Typical
issues, some of which may involve both policy and
external lactors, are:

{#) changing bus fares;

(i) changing bus speeds;

{fif) introducing (or curtailing) rapid transit;

{iv) changing car costs through tolls, parking

fees, taxes, etc.; :

{1} auto use restrictions;

{¢1) road network expansion or closings;

{xif) changes in household income, or inceme

distribution;

(riii) change in household size;

* Fucther information can be obtained from Mr Zahavi at
Mobility Systems, Ine., 7304 Broxbuen Coust, Belhesda,
Maryland 20034, USA.

{ix) changes in population;

{x) changes in the price or availability of fuet;
© {xi) the effects of policy or external factors on

fuel consumption; and

{xff) the effects of policy or external lactor§ en

the hourly distribution of travel.
The model has a number of built-in relutionships
that were found to be transferable both between
cities and over time. The first four of these are
behavioural, and the last two physical:

{1) The average daily travel time per traveller.

This is the so-called “time budget’. However, it

is not a(Consirainy, put rather a_stalistical
relationship Kaving ¢ 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 ol income and car
ownership. .

{3) The average number of travellers per house-
hold, as a function of household size and car
ownership. )

{4} The threshold of car daily travel distance
which justifies owning a car.

_ {3) 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.
The model requires rather few inputs, while its
outputs are many, The inputs are:

{!) The number of houscholds and the house-

hold 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 typically used.

{3} The umt 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 read network
can be accepted as an input, or it ¢can be derived as
an output, depending on the particular policy
exploration being performed.

The model is now programmed to give the
following outpuis:

{f) Car ownership per houschold by income

group. :

{(2) Proportions of households owning €, 1 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 passenper travel distance.

{7) Network travel speed.

{&) Door-to-door travel speed by income

group. :

{9 Minimum and maximum network sizes for

which travel budgets can be fully utilised.

(40} Datly travel time and money expenditures

per houschold and per traveller by mode, and

Lience also the cxpected revenues for public

fransport systems.

(11} Daily trip rate, trip distance and travel

time by mode and by trip purpose, per average

traveller and per household type.

{12) Hourly person trip rate, distance, time and

speed by mode and by trip purpose.

(I3) Hourly car trip rate, distance, time and

speed by mode and by trip purpose.

(i4) Hourly person and vehicle total travel

distance and travel time (PMT, PHT, VMT,

VHT), by mode.

{15) Cuar occupancy rates by trip purpose.

(16) The spread of peak-hour travel into peak-

period travel under congested conditions.

{I7) Daily and hourly fuel consumption, by

mode, per household type.
It is important to understand that these outputs
are ail functions of the inputs, In general, afl
cutputs will vary as any ane of 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 gernerous use of computer
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graphics. enables the user to see the step-by-step

process of convergence, thus making the model

transparent as opposed to the typical ““black bax™.
The steps of the UMOT urban travel process, in

a simplitied way. ure:

(/3 the daily spatial and cconomic oppor-
tunitics per houschold, presently represented by
the daily travel distance, are maximised within
the travel time and money constrainis by the
optimal combination of available or planned
modes,

(2) the Jemand for car travel distance gensrates
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 .

. () the process is iterated until the outputs of
consecutive runs converge to preferred levels of
accuraey (Fig 1)

For instance, convergence can be reached when

the values of two consecutive iteralions are fess

DATE: AUB. 20, 1981
INPUT ROAD NETWORK (KM} =350
INPUT CAR COST, % =
NCDES : CAR, BUS AND WALK

1. HOUSEHOLDS, CARS, ROAD & SPEEDS

HH INCONE .....  10,00K 25,00K 50.00K
HE SIIE vuuenns 3000 3.00 3,00
K. OF WHS .... 33.00K 33.00K 34.90K

CARS/HH .ouuuue 0,73 .30 L7%
CAR FACTCR .... _ 0.7 §.10 L7

HH: 0 [ARS, L. 29.15 623 439
HH: 1 CaR, %.. 70.8% 45.23 28.7%
WH: 2+ CARS 1.,  0.01 48,55 8b.91

2. TRAVEL TIME & MONEY BUDGETS

TU/MH: CAR.vuue 39,37 510.27 143,04
TT/HH: BUS,..., 42,37 25.00 .12
TT/HH: ®ALK.... 41,18 9.9%%  ----

TT/HH: TOTAL .. 123.15 $43.44 15077

TH/HHs CAR ..., .92 8.03 17,01
A BUS .0 096 0,55 0.1
TH/BH: RALKGLL 0 0003 001 e

TY/HH: TOTAL S, 2,91 B.5%  17.1%

than: tihu speed of | km b fur door-to-door speed: NG, OF CARS ,,,  24.18K 49,54K 40,91K  TM/HH: TOTAL 1. .31 1LO0 1500

(i) 0-05 cars per household: and (7id) 1 per cent in NO. OF CARS L., 17.94 15,85 #45.22

the total number of cars. I_E.\‘cn under such sirict 3. TRAVEL DISTANCE & MODAL SPLIT

requirements convergence is very fast. ) RDAT SETHORK KN 350.00 350.00 350.00 -

algorihm e O chotces wikin the UMOT's - SPEED NET, KpH, AA.08 4408 4408  DIST./WH: COR . 1920 56,02 70.39
&::‘glt.:rmmwxhip.‘ to satisfy the demand for car. SPEED DOCR-DOOR 18,23  I5.47 128.42 gggg:;::: EEEK: zg:gg g:ﬂlg E:-‘?f
(2} Class of var: below, at or above a standard
compact car. The UMOT model produces a find the range of networks that would satisfy the  BIST,/HH: TOTAL  33.35  40.%97 72.28

continuous range of car costs, to signily travel system under given household character-

different clusses of cars. such as second-hand 1stics and travel costs. M/S: P,T, 1 315,52 10,19 2,75

cars. standard new gars, or expensive new cars. Since car ownership is an integral part of the u/S: E:]S’ z' per vOreD Snnil Lrle

Thus. households at different income levels and UMOT model, the outputs of the model should be .”5'_ ALK I' e e - —_—

travel conditions can still satisty their travel  regarded as representing medium and longterm o #ALK T.uoe T T

budgets by operating different classes of cars. household decisions. For example, continzous .

{3y Road neowark : when the households' travel increases in car travel costs would not necessarily 4 . UNIT COSTS & UNIT TIMES

patiumzters cannot reach convergence at an result ina shift from car to transit travel as long as

assumed roud network (either too high or too houscholds would shift their preferences from UNIT CDST: CAR, 0.10 0,15 0,24

low), the roud network is adjusted auto- large "gas guzzlers’ to small energy-efficient cars. NIT COST: BUS 0.09 0.09 0,09

maticully until convergence is reached. The UMOT model is sensitive to such issues. and it ENIT CGSY: NL& 0'01 0'01 0'01
Thus, the planner or policy-maker can start with can assist the policy-maker in the evaluation of a ¢ ' ' *

T two extreme assumplions of road networks. and wide range of alternative options,

UNIT COST: AVE.  0.09 0.4 .24

Fig 1. Three full i ions of ih - - UNIT TIME: CAR 2.04 2,04 2,04
GioTmodifomsriioma SI|t BB gt 2B it S a8 408 a0
convergence, for MO0 house- . . UNIT TIME: BALK 12,00 12,00 12,00
I}okis divided equally }’Jenzree;
three s 1,2 . ! '
{.;;‘l‘}w;f?;mggﬁﬁ)mﬁ:d Ss0000 o UNIT TIME: BV6.  3.69 236 2.10
at where th e road .
et | | D S. TRAVELLERS & GROUP EX°ENDITUFRE
Fucigr deseribes the fvpe of car | 5 .

rehused By a howselold CaR FALCTOR RiaD HETHORE TRAVELERS/HH. .. 1.7 2,135 2.29
e ’standard compact " T Ten Kl TRIGROUP .vvvee  S8.50K 70.9BK 77.92¢

relution tv a standard compact
car. Speeds shown are network
and deor-to-door,
f

TUIRy HRuwewrw 116 L1 116
THITR, $o.,000s L0000 7.5

3 I S O e N O =t R 3 W 1P IO T T 6 T
] { e S SROUP EXP.:UAR.  63,30K 285.12K 578.28K

| BT BRCUP £XP.:BUS.  31.56K 18.20K 4. 09K
B I R L BROUP EXP.iWALX 1,13k - 0.27¢ —
B . 4 SROLP £XP.:TOT,  §5.99K 2B2.59€ 584, 3BK

LARS/BH SPEEG: HET & D-D

I ; 6. FUEL CONSUMPTION

izt iz lz Al jti]z
y Tl b o [ e © BAL/MM: CAR...  0.53 098 146
] ] BAL./HH: BUS,..  0.10  0.06 0.0
] ] - BAL, /4H: MALK,, === —te-  son
T ET e b E EgLaf’HH: TﬂTllI 0.53 1;D4 l.‘a
5] %]

c : AT RETHORT, BAL./GR: CAR ..  17.44K 32.28K 4%.55K

SRR FHLTOR ROAD HETHORK GAL./GR: BUS...  3.40K  1.96K  0.6éK

: =3 | _ BALL/5R: WALK,,  =omc  moee  aies
ol iz 3 o e b b BAL./GR: T0T,,. 20,85 4,24k S0.21K.
----- I~ SUNNARY
H e s=szzrzs
1=  T0TAL CARSS1IA793.99

TOTAL PKT=4B17551.85 '
1] - T0TAL MONEY BUDSET=941981,18
CRRS/HH SFEED: KRET % o-D TOTAL BAL. CAR=9%270552.5
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MOBILITY SYSTEMS., INC,

7304 BROXBURN CT.
BETHESDA, MD. 20034

(301} 229.7762

December 15, 1981
TECHNICAL MEMORANDUMC*)

TO i I-io't-:er‘t. W, Crosby
Chief, Systems Analysis Division, U.S. DOT

FROM : Yacov Zahavi (:) .
Mobility Systems, Ine, ’

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

1. _ INTRCODUCTION

1.1 As part of the work under a contract with the U.S. DOT, data from
a U.S. city were examined for travel regularities and compared with
findings from sources ocutside the U.S, The many relationships tested
are shown in the table of Contents.

Progress Report No.7 reporied on some of the travel regularities ob-
served in London and Reading, U.K. This report summarizes the travel
characteristics derived from the home interview survey conducted in
Baltimore, Maryland in 1977, and compares them with those of Washing-
ton, D.C., London and Reading.

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

1.2 The travel relaticnships derived from the Baliimore 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 UMOT 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 besic relationships derived from the Baltimore data. The second
part presents a comparison between the Baltimore arnd the other three
cities’ relationships, while the last part includes appendlces 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 previocus report.

1.4 The results of this report strongly indicate that travel characteris-
tics 1n 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 UMOT 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 dalily travel distance per traveler and speed. These re-
sults corroborate those in other cities that have previously been
examined,

The findings in this report add further support to the underlying
principles of the UMCT model, which treat all travel components as
interacting within & single system that alsc includes urban struc-
ture,

TRAVET, CHARACTERISTICS IN BATTIMORE

2.1

Introduction

(1) The Baltimore 1977 home interview survey is one of the most recent

(2)

in-depth travel surveys conduzted in a U.S. City. It is a so-called
disaggregate survey, besed on a relatively small sample size; af-
ter screening households for the required data for analysis only
664 households remained, representing more than half-a-million
households in the survey area, thus limiting to scme extent the
abllity to explore 1n depth 211 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: $ 0-8K, 4-8K, 8~12K, 12-19K,
19-25K, and 25K+. Household size was stratified into five groupss
1,2,3,4,5+ persons per household, and car ownership included four
groups: 0,1,2,3+ 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 modes: ecar, bus, taxi and motorecycle. 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 talles
were prepared fer travel time and distance frequency distribu-
tions per traveler., The raw data permitited 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.

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 hesed on three data sets, grouped by the three principal
socioeconomic characteristics, namely household income, household

- size, and household car ownership level; altogether 15 data points,

which are shown simultaneously in some of the diasgrans.



-3 -

Two comments should be noted at this stage. TFirst, although the
best~fit equations shown with the composite dlagrams 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 alsc be inferred
that it would be advisable to verify relationships derived from 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 disaggregate level. Travel characteristics of
two travelers can differ not only because of their different
socioeconomic 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 isclate
the sources of data variations.

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

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

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

(*) The UMOT/Urban Interactions, Report DOT/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 " a diagram is
worth a thousand words", As already mentioned above, the data
upon which the relationships are based, as well as the tests,
are detailed in the appendices.

2.2 Proportions of Househclds Generating Travel

Figure 1 (aApperndix 1) shows the proportions of households generating
at least one motorized trip during the survey day versus household
income, It is gulte obvious thai the proportion of househclds gene~
rating travel is much larger at higher income levels.,
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2.3

Household Size vs, Household Income

Figure 2 indicates that household slze is related linearly to house-
hold income.,
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2.4 Travelers per Household

Figure 3 shows the relationship between the number of travelers per
) ‘household and household size. This relationshlp explains in part
. the ong shown in Figure 1: high income households generate more tra-
vel than low income households not only because they may have more
) money available 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 vs. Income

Cars per Household

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 is 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.

FIG. 7 GRILY DISTANCE~TR US. INCOME

4 25
- BALTIMORE
=
za o
BEDNETRIC(PONER) 3 YsARXB [ :
- 1E S
nl.llll 88-58056006 E °
Boosoo 2245679183 2 .
CODIR*2)=, 912390702 b
C.0.L, =.955191448 ~ 1@ -
§.E.E. =.0715725487 o .
£ s
&I
- .
5—‘2 @ L) T T ¥ T E;:I
< & 1@ 2o zo

HOUSEHOLDO THCOME #0 'B@@?

2.9 Dally 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 DISTRNCE-TR US TIME-TR

v 25

rt BEALTIMORE

L u —————————

= 2o A o

o o15 - 93°'

pa 4 CARS~HH

[+ °° _______

T 18 A o @

i o o 1

L O z

E - 3+

o

E a T T T T T Y T T T T [§]!
e 5 1 1.5 > 2.5 2

TRAVEL TIME-TRAVELER HE%.



-8 -

2,10 Daily Travel Time by Mode vs. Income

2.11

Pigure 9 shows the daily travel time 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 are inversely related,

(3) Walking by travelers who made at least one motorized trip during
the survey day does not appear to be a prinecipal 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

dally travel distance,

trips are not discussed in this report.)

allocated to motorized travel only.
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Daily Travel Tiﬁe and Distance per Traveler and per Household,
by Mode, 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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These dlagrams 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 availalle
by car travel. Indeed, the two diagrams suggest how - and why -
modal choice is affected by car ownership: cars can provide more
travel distance for less travel time. (Locational choice is also
involved in these decisions, This is treated elsewhere in the UMOT
reports. )

Figure 12 shows the corresponding relationship betweern the daily
travel distance per househcld, by mode, and 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 thrge ways: by income, by cars per household and by household
sige. While three regression lines could have been drawn through
each set 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 Frequenqz 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
socioeconcmic characteristics of the travelers, or from daily
variations by individual travelers. It is quite obwvious, there-
fore, that there are many ways by which such iravel times can be
analyzed for their wvariations,

The conventional way is to stratify the data by such factors as
sex, age and profession, and test the data sets for equlivalency
by the analysis of variance (ANOVA). In this report the data
are stratified into time freguency distributions by income and
by car ownershlp 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 from Appendix 2 that the
few travelers who travel exiremely long periods during the sur-
vey day, such as professional drivers and traveling salespersons,
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do significantly affect both the mean time values or their vari-

ance.

(A similar phenomenon was described in The UMOT/Urban
Interactions.,) Hence, the first step 1n the analysis of such
frequency distributions is the determination of the effect of

outlying travelers on the mean travel times and their variation.

Table 1 summarizes several such tests, where the proportion of
travelers at the long-end of the fregquency distributions is re-
duced stepwise from 100 to 90 percent, thus excluding travelers
whé travel extremely long periocds during the survey day.

Table 1 : TIME FREQUENCY DISTRIBUTION STATISTICS 3 BALTIMORE
TRAVELERS CLASSIFIED BY HH INCONE AND CAR DMNERSHIP

BROUP INC.1  INC,2  INC.3 INC.A INC.Y  INC.b O0CAR 1 CAR 2 CARS 3+ CARS TOTAL
100% OF TRAVELERS
TR, OBSERVED b2 145 148 318 2u8 325 158 408 421 2% 1256
BaX. TT {NIK) B 235 B 250 25 ¥al 235 25 225 205 225
AVE. TINE/TR. 67.42  6b.47  TL9Y b4.41 T0.92  8D.é1 73.67 44,51 69.7  5%.12 67.36
5.0, DF TiMe 2.4 475 4745 WM B T2 45,92 80,51 4886 42,88 41.08
S.E. OF TINE .85 .13 3.9 .4 .92 2,65 1.2b 2.3 2,38 2.83 T L33
COEFF. OF VAR .18 79 obb .68 «bb 73 .62 ) 7 J3 d
ALPHA 1.66 1.8 2.3 2,14 .2 1.89 .57 1.96 2.04 1.9 2.0%
BETA 02 03 03 03 03 A3 03 03 03 03 03
BANNA .9 93 .17 1.07 f.16 % 1.4 98 1.02 36 1.02
9% OF TRAVELERS
TR, OBSERVED b2 14 148 3é 7 R 97 04 417 228 1246
MAX. 1T (HIN) 215 205 25 1%3 205 205 205 205 213 1% 205
AVE. TIME/TR, 8742 #5.57  TIL9Y A3 70,32 B3 729 M9 48,21 3B.4B b6, 12
5.0. OF TIE 524 M1y N6 2.5 5.9 H.8 M9 45,12 .65 4LBb 45.17
5., OF TIME b.45 4,01 LY 2.3% 2.97 .33 3.2 24 .28 an 1.28
LOEFF. OF VAR .78 I3 b 47 A5 .1 42 .49 N 02 .48
ALPHA 1.64 1.86 2.3 .3 2.0 1.9 2,64 2,07 .14 1.95 2.14
BETA 02 03 .03 4 03 »03 .04 03 D3 03 .03
EAMNA 9 93 1.17 .12 1.2 1 1.4 1.03 1.07 98 1,07
954 OF TRAVELERS
TR, OBSERVED » 138 143 305 248 b33 L H 3%0 404 218 1201
BAX. TT (KIN) 18 155 EH] 145 165 165 165 165 175 15 183
AV6. TINE/TR. §0.25 0.1 4013 59.2  &5.92 343 6918 80.45 64,01 53,08 61,44
S.0. OF TINE 42,51 41,18 40,23 3674 40.35  3B.52 .05 3| N L% 3t.8
5.E. OF TIME 553 3.51 LW 2.1 2.5 2.18 2.9 1.97 .M 2.3 1.12
EOEFF. OF VAR 2 48 ob b2 o4 b 58 o 04 b4 43
ALPHA 2.01 213 278 2.4 2,87 2.38 2.98 .4 2,45 2.44 2%
BETA .03 04 04 .04 o0 .04 N 04 04 N J04
GAMNA 1 1.06 1.8 L& H | 1.23 .97 1.23 1.28 1.28 1.34
?0% OF TRAVELERS
TR, DBSERVED -1 134 135 30 Fry) ns 179 349 3 207 1141
ML OIT (NN 153 145 145 125 15 135 135 135 1% 115 135
AVG. TINE/TR, 54,29 57,33 44,33 49 bl.81 0 WLTD 63.48 55,2 7.6  4B.b8 S6.4
5.D. OF TIME M. 3832 3322 30,95 3584 344 W47 20 NS B 33.34
S.E. OF TIME Lé 3.4 2.86 1.82 2.3 1.9 2.58 1.7 .72 2 99
COEFF, DOF VAR 43 b7 -2 o -8 b2 o D .98 .39 9
ALPHA 2.48 .4 3.4 3.1 2.% 2.82 3.39 2.81 L% 2,87 2.88
BETA 05 04 08 .06 05 03 05 05 05 0b .03
GANNA 1,31 1.13 3.0 2.2 1.52 1.4 .9 1.6% 1.92 1.7 1.8
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It is evident from Table 1 that both the means and the variastions
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
time 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 testis between groups, detailed in the next sec-~
tion, show eguivalency even when all travelers are included in
the analyses.

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 in Figure 14, while the to-
tal, for all travelers, is shown Iin Figure 15. PFigure 15 shows
also a Gamma function fitted to the travel time frequency distri-
bution for all travelers. (The @ and B parameters for each and
all groups are detailed in Appendix 3.)
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2.14 Travel Time Frequency Distributions: Tests for Equivalency

The travel time frequency distributions detalled in Appendix 2 were
tested for equivalency by contingency table analysis. Since the test
requires at least 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 based on 11 time-intervals, and once for all income
groups hased 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,




- 14 -
Table 2

BALTIMDRE: TEST FOR ERQUIVALENCY, BY INCOME

INCONE TINE{MIN.) & OF TINE DEGREES OF  OBSERVED CRITICAL

* BROUPS MAXINGK  INTERVALS  FREEDOM  OMI SDR.  VAL.(.05)
2-4 235 11 40 35,37 55.74
B 235 ? 3. 3.5 8.7

BALTIMORE: TEST FDR EQUIVALENCY, BY CAR DMWNERSHIFP

CAR TIME(MIN.} & OF TIME DEGREES OF  OBSERVED CRITICAL
6ROUPS MAXINUN  INTERVALE  FREEDON CHI SOR.  val.(,05)
-3¢ 235 15 28 W53 41.34

Figure 16 shows the six Gamma functions fitted to the six income
groups (based on Appendix 3). The closeness of the six distribu-
tions is quite evident.
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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 carried out by car ownership
levels, as detailed in Appendix 2.

The first test, encompassing all four car ownership groups, resul-
ted in a significant difference between the groups. However, when.
the travelers belonging to households owning 1,2,3+ cars (i.e.,
excluding O-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-owm-
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 tc O-car
travelers is shifted to the right of the other three curves.

* FIG.17 TRAVEL TIME-TR LISTRIBUTIOHNS
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Two principal conclusions can be drawn from the above tests. Flrst,
the travel time expenditures of itravelers stratified by income can
be regarded as statistically equivalent. BSecond, stratification by
car ownership is more sensitive than stratification by income, where
the travel time expenditures of 0O-car travelers are significantly
higher than those of car-owning travelers, In other words, not only
can itravelers owning cars be regarded as belonging to the smame class
regardiess of car ownership level, but there is a significant quan-
titative (and, therefore, probtably alsc qualitative) gap between the
two classes of travelers.

Comparisons between the travel time frequency distritutions of Bal-
timore and Washingteon, D.C./Iondon/ﬁeading are detailed in Section
3.8. The following sections present several additional general re-
lationships derived from the Baltiimore 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 bs 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 iravel not affected by the
definition of a trip is the product of itrip rate and distance, or
total dalily travel distance. Thus, while the exploration of trip
rates and trip distances as isoclated 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 1s 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 above indicators suggest two very important conclusions: First,
there are trade offs between itrip rates and trip distances within .
the total daily travel distance, Thus, a travel model should 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 dally 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 above 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 2 saturation level of trip rates.

-

FIG. 20 TRIP RATE US. TRIP DISTANCE

- 4.5
BEALTIMORE
NTH ORDER s 4. @
DEGREE =2 L y
CONSTANT=-19,2009884 +— = =
1 DEB.C =9.30300527 <« ~°
? DEB.C =- 942104393 & ~
£OD(R*2)=.B54190022 o
E?E s.;i242§gg1} = 3.0
. [ ] [] ‘l
=========ss&ﬁ=s:ﬁ== e o BY INCOME
2.5 o ¢ BY CARS-HH
. - BY HH SIZE
2. r . - ' r v v :
% .5 4 4.5 5 5.5

TRIF DISTAMCE MILES

Nenetheless, 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 is 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 componentis are not only related to each other, but also in-
teract “with the speed offered by the transportation system. BSuch
relationships serve as the conceptual foundation of the UMOT travel/
urban structure model,
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THE COMPARISONS

Introduction_

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

The comparisons of travel data and relatlonships 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)

(&)

(5)

(6)

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 60 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 rall travel
in London refers to both the urban 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, D.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 is 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)s Car,
motoreycle and taxi - 1.23; bus - 1.26; 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.

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

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 latier 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, both in size and structure. Table 3 summarizes
several of the principal characterisiics of the cities. (The travel
distances in London and Reading, measured in kilometers, were con-
verted to miles in order to be comparable with travel distances in
Baltimore and Washington, D.C.)

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

Table 3
THE FOUR CITIES: SUMMARY it

0 R | BALTIMORE ~ MASKINGTON  WASHINGTON LONDDX READING
YERR. iiaiarranainrannanasl 1977 1955 1958 (31) 1977 1977
ALL POPULATION €*000),...: 1794, 21 1425.32 15%2, 40 4358, 30 143,20
ALL HDGSEHOLDS 1*000}....t 335,59 450,48 .22 2615.%0 §7.02
HH SIZE (ALL HHS)........: 3.39 - - 2.81 2,51
HH S1ZE (TRAVELING HHS)..: 3.40 L1 2.9 2% 2,73
SANFLE SIZE - Y (a18),,.: 0,12 5,79 .73 o .34
TRAVELERS/HDUSEHOLD. .\, .02 2,14 1.92 1.87 1.95% 1.8
CARS PER ROUSEROLD.......: 1.49 .07 1.13 .78 .81
TRAVEL TIME/TR HR...vsast 1.2 1.1y 1.2t 1.33 1,29
E.ﬂ-"o'. BF TIHE--..:--.;-.: O.H - - 0-69 -
DISTANCE/HOUSEHOLD, ¢evusst 36,74 22.3? 27.30 - 1570 40.40
DISTANCE/TRAVELER. .. vvvuet 1nL20 11.43 14.54 13.18 21.83
D-D SPEED MWPH......veesal 13,84 .75 12.05 9.88 16.84
TREP RATE/TRAVELER,......: 3.59 2,%0 .57 .85 -
TRIP DISTANCE. . eusaasans? .79 4.0t 4.9 B N Y. --
TRIP TIME AIN.vuvvannanast 2£.03 .89 24.42 28.10 --

{NOTE: DISTANCES ARE IN MILES)

L
s

TRAVEL RELATES TD HHS GENERATING AT LEAST ONE BOTORIZED TRIP DURING THE SURVEY DAY,

1% ; HDUSEHOLDS LOCATED WITHIN THE 1955 STUDY AREA GENERATING TRAVEL WITHIN THE EXTENDED 1948
STUDY AREA,

FINAL SAMPLE IN TABELS, AFTER SCREENING.

NOT AVAILABLE

-
-
-y

o



3.2

3.3

-21 -

There are also other differences between the data sets which could not
be identified explieitly, such as the definition of a trip; in sone
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 avoid such differences, all trips in the following compariseons were
tabulated bty the latter definition.

The most-of'ten used common denominator in the following comparisons is
car ownership. Even so, it should be noted that there are three groups
(0,1,2+ cars/HH) in London and Reading, and four groups (0,1,2,3+ cars/
HH) in Baltimore and Washington, D.C. Furthermore, in some cases the
comparisons are based on the average car ownership level by income
group, It should also be noted that the terms 'per traveler' and 'per
household' refer to an average traveler/household representing their

group.

The data upon which the following relationships are based are detailed
in Appendices 1 and 4.

Proportions of Households Generating Travel

Pigure 23 shows the proportions of households generating at least 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 consldering the intrinsie
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 citles,
This result is precisely what we would expect, but it is not usually
used in conventional travel models.
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FIG. 24 TRAVELERS~HH US. HM SIZE
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‘TIravel Distance per Household vs. Car Ownership

Figure 25 shows the dally travel distance per household vs. car owner-
ship. While the urban travel in Baltimore 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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Door-to~Door Speed

Figure 26 shows how door-to-door speeds (daily travel distances over
reported daily door-to-door travel times) differ in the four cities.
Once again, Reading 1s 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 is carried out at relatively high
speeds. '
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FIG. 26 SPEED US. CARRS-HOUSEHOLD
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Dailx 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 (0,1,2,3+ in Baltimore and Washington, D.C., and
0,1,2+ in London and Reading), a relationship which can be regarded
as fully transferable beiween all four cities (see also Figure 13 in
this report, as well as Figure 14 in the previous repert). (The only
outlier in Figure 28 1s the group of households in Reading owning 2+
cars; not only 1s their sample size small, but their share of inter-
city travel 1s highest. This one outlier is excluded from the best-
fit estimation.)
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The relationship shown in Figure 28 appears to be a cornerstone for
a transferable urban travel model, since passenger-miles of travel
can be estimated directly from travel speeds.

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, high income travelers
travel more distance than low income travelers (i.e., O-car travelers
are located at the lower-left corner of the diagram, while 2+ and 3+
car travelers are leccated at the upper-right corner of the diagram).
Put another way, this relationship can be regarded as the end-result
of four interacting factors: the expenditures of time and money allo-
cated to travel, the supply of the transportation system, and the
costs of using its various parts/hodes. This type of transferable
relationship is one of the cornerstones of the UMOT travel model.

The relationship shown in Figure 28 can be iransformed into a time-
speed relationship, as shown 1n Figure 28a. The two relationships
indlcate 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.z., see also
Figures 10-11).
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The above results suggest two interesting possibilities: (i) the rela~
tionships appear to be the key to the understanding of "induced tra-
vel", and (ii) the benefit derived from increased speed (namely, the
"value" of saved time) is a2t least the additional cost required to
purchase the increases 1n speed and travel distance.

An additional possibility, suggested by the Reading data, is that part
of the saved time at high speeds within the urban area is reallocated
to intercity travel. This possibility will be tested and reported in
a forthcoming progress report.

3.7 Daily Travel Time per Travelexr by Mode

Since different modes provide different travel speeds, 1t is 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 29,30 and 31 repeat the allocation of
travel time by principal mode vs. cars per household in Baltimore,
London and Reading,
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The first result emerging from Figures 30-31 1s that although rail
travel is conventionally regarded as public transport, similar to
bus travel, its relationship between the time allocated by mode and
car ownership levels is similar to the relatlionship 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 alsc 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 tut 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 derlive more benefits
from an urban rail system than low income travelers. In London,
where the underground rail system covers both 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. citles; 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 ahle to deal explicitly with, and be
sensitive to, such requirements.
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Since Baltimore did not have an urban rail system during the survey
year, 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., main-
ly at Ivw car ownership levels) also benefit from a rail system: the
allocation of travel time to Poth the tus and the car modes in London
and Reading are lower than in Baltimore; the difference is allocated

to rail travel.

An additional interesting observation

is that the

intereity 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 is now turned to a more thorough analysis of the daily
travel time per traveler at disaggregate levels.
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Travel Time Frequency Distributions

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

The test for equivalency within Baltimore has already been described
in Section 2.14, The tests for eguivalency in 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 equivalency. As can be seen, the null-hypothesis of
equivalency is accepted, Hence, only the North corridor is tested
for equivalency with the other citles in the following compariscns.

WASHINGTON D.C. DATA
DAILY TRAVEL TIME FER TRAVELER
MOBRILITY 8YSTEMS, INC.
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WASHINGTON D.C.

DATA

NORTH & SOUTH CORRIDORS
DAILY TRAVEL TIME PER TRAVELER
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FIG. 35 TRAUEL TIME-TR DISTRIBUTINONS
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Table 4
- NASHINGTON, D.C.: TEST FOR ERQUIVALENCY

) Al TIME(KIN.} & OF TIME DEBREES OF  OBSERVED CRITICAL

. TRAVELERS BAXINUM  INTERVALS  FREEDOM CRI S0R. VAL.{.05)
ZEIERSREEE — 3
- NBRTH-50UTH 235 18 17 18.15 21.59
(2) London

Figures 38-40 (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 is ex-
plained by the markedly different spread of the tail-end of the
distributions for the very low and very high income groups (see
y Appendix 6). Hence, the next test was carried out for pairs of
ad jacent income groups, as detailed in Table 5.

LONDON DATA
DAILY TRAVEL TIME FER TRAVELER
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FIG. W TRAVEL TIME-TR DISTRIBUTIONS
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Table 5

LONDON: TEST FOR ERUIVALENCY, BY INCOME

INCOME TINE(MIN,) & DF TINE DEGREES OF  OBSERVED CRITICAL

BGROUPS MAXIMUM  INTERVALS  FREEDDM CHI SER.  VAL.L.O%)
1-2 BS B ? 1.7 "0
2-3 125 12 1 20,09 15.48
3-4 125 13 12 2.4 21,03
4-3 165 17 14 25,83 28,29
J-b 183 17 14 25,58 .29
b-17 175 18 17 3.3 a0
71-8 205 2 20 20.29 314
8-9 205 21 20 18.81 LY
7 -10 205 21 20 20.51 3.4
10-11 163 17 1b 26,95 2.8
11-12 = 17 14 20.H .29
5 -10 205 21 100 107.18 12434

In almost all cases the mull-hypothesis of egquivalency is accep-
ted. In the few remaining cases it is just beyond the threshold
of acceptance. Table S 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 conciuded that while
the time frequency distributions of travelers at the extreme-end
income groups are different, the change is gradual, and travelers
belonging to adjacent income groups behave similarly. Further-
more, travelers in 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 O-car households is appre-
ciably higher, namely 73.8 min. (C.o.V. is .48).

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

Fig. 41
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Table 6

LONDON: TEST FOR EQUIVALENLCY, BY CAR OWNERSHIP

~CAR TINE(MIN.} # OF TIME DEBREES OF DBRSERVED CRITICAL
EROUFS HAYINOM PCINTS FREEDCH CHI SBR.  VAL. (.05}
- -2 195 20 38 175158 53,36
i-2 195 20 19 14,41 30.14
(3) Reading

Similar tests to the above were carried out for the 6 income
groups in Reading (no stratification by car ownership level

was available for Reading). Figures 43-45 (Appendix 8) show
these distributions and Table 7 summarizes the results of the

tests.
Fig. 43
READING DATA
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MORILITY SYSTEMS, INC.
NOVEMEER B1
36 30

i
o
Lk
oy
@ @
= %) Toe 0 5}
fuA
- 3a INC .3 el INC . 4
[T
o
- .
& | @ .
2] Tdn %) R

DAILY TRAUEL TIME<TRAVELER <MIH. >

Ze IHC .S Zg] INC . &
ailllllll;l;;;T_ﬁ Q
o S0 B SHe




- 36 -

FIS. 44 TRAUEL TIME-TR DISTRIBUTIONS
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Tatle 7

READING: TEST FDR ERQUIVALENCY, BY INCOME

INCONE TINE{NIK.) & OF TINE DEGREES OF  OBSERVED CRITICAL

GROUPS NAXINUN  INTERVALS  FREEDDM CHE 5OR,  VAL. (.05
1-2 235 b L] 3.04 9.4%
-3 235 7 b 5. 34 12.5%
I-4 235 12 11 15.01 19.48
4-5 235 15 14 5.4 23,48
b 235 1 10 15.51 18.31
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Following the London case, equivalency was accepted for adjacent
income groups, thus suggesting a gradual shift in the distribtu-
tions by income. Since the Reading data include also intercity
travel, which increases with income, the spread of the distribu-
tiqns towards longer travel times increases with income, as shown
in Figure 44,

(4) City Comparisons

The first test for equivalency of the itravel time frequency dis-
tributions is between Baltimore and Washington, D.C. (North corri-
dor), as detailed in Table 8. 4 test for eguivalency 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 ovmership levels.
Even when all car groups were grouped together (under 1+ cars)
the null-hypothesis of eguivalency still held. Put another way,
O~car travelers behave differently from car-owning travelers.

It may, therefore, be concluded that different proportions of
O-car iravelers 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-
1ing 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 B
CITIES: TEST FOR EQUIVALENLCY, BY CAR DWNERSHIP

CITIES CAR TINE(NIN.) 8 OF TIME DEGREES OF  DBSERVED CRIVICAL
BRDUPS WAUINUN  INTERVALS  FREEDODN  CHI S0R.  VAL.(.05)
p— =z
BAL TINORE-RASHINGTON 0-0 235 7 6 10.88 12,59
BALTINORE-WASHINGTON 1-1 23 7 6 5.81 12.59
BALTINGRE-WASHINGTON 14 - i+ 75 7 b 10,33 12.59
BALTINORE-NASHINGTON 2+ - 2¢ 23§ 7 8 B.7S 12.59
BALTINORE - LONDON 0-0 235 7 8 8.78 12,59
BALTINGRE - LONDON 2+ - 24 235 7 b 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, D.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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FIG. 46 TRAUVEL TIME-TR DISTRIBUTIQOHNS
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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% = 6.79; af =

63 Xeritical 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 urbtan area and prevalling speeds. Such
relationships can be regarded as transferable between cities when the
differences between the cities, and their travel (such as urbtan vs.
intercity, as well as travel speeds), are recognized.

When only mean travel times are 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,
however, the full range of each travel time frequency distribution is
required, 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 cities; 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 citles.
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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.
Bzltimore are traded off within the total daily travel distance per
traveler., A comparison of the same relationships in three cities is
shown in Figures 47-48,
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I+ 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 1o be transferable between cities, especially if they are
also different in sige and structure,



3,10 Trip Rate vs. Trip Time

Figure 49 shows the relationship between irip rate and trip time in
three cities.

FI5.49 TRIF RATE WS, TRIF TIME
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veana. = 0832739454
(R*3)=, 915036732

=, 996575524
=, 0206886552

o BALTIMORE

3.11

TRIF RATE/TRAGUELER

Z2.597 o WASHINGTOHN

4 % LONDOH .

P ¥ T T ﬁ;]

: 18 =i 328 g
TRIFP TIME MIK.

o

I+ can be inferred from this relationship thats (1) trip rate and
trip time are inversely related, and (11) 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 observed 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 frequency distributions to the daily travel time frequency dis-
tributicns., Hence, Figure 49, although not fully transferable bei-
ween cities, suggests a consistent similarity which can be useful
for many purposes.

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 avallable
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
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APPENDIX 1

BALTIMORE DATA:
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URBAN TRAVEL

CLASSIFICATION BY HH INCOME.

BROUP WUMBER. . vevnrvvrseed 1 2 3 3 5 & 107/AVE.

ND, WHS EXPAKDED (°000)..:  44.21  B4.B0  68.63 134,21  95.34 108.40 535.59

HDUSENOLD INCONE $(7000}.:  3.00  6.00  10.00  15.50  22.00 28.00  13.95

L HHS TRAVELING...v.eee0rd 71,80 80,20 93,90  98.80 100,00 100.00  93.50

HOUSEHOLD SIZE..........ot 2,82  3.03 290 3,33 3.6 394  3.40

TRAVELERS PER MOUSENOLB..:  1.40 174 1,46 2002 230 2,87 214

CARS PER MOUSEWOLD.......: .36 0,70  0.88  1.55 1,80  2.32  1.49

DISTANCE/HOUSEHOLD. ......2 16,55  22.85 22,74 33.49 4615 55,16 3674

DISTANCE/TRAVELER ....sse3  11.81  13.17  13.69  16.64  20.03 19.21  17.20

TRAVEL TINE/TR MIN......: Bo.24  B2.39 7729  70.% 78.66 7273  75.58

D-D SPEED WPH.evsvowesss? 8,22 9,55 10,83 14,07 1528 15.85 13.66

TRIP RATE/TR,sverenvevanes 291 324 327 383  3LB4 373 L9

TRIP DISTANCE eevesnrered 406 4,05  £19 458 5.2 505 A.79

TRIP TIME NIN..cooeerot 2985 2545 254 19,58 2047 19.49  21.03
CLASSIFICATION BY CAR OWNERSHIP.

CARS PER HOUSEHDLD.......: 0 1 2 3+

ND. HHS EXPANDED ('000)..: 116,19 183.91 159,41  75.88

T HHS TRAVELING.vvvesaert 7o 90 99.10  100.00

HDUSEHOLD SIZE.......eeer? 3.9 292 359  4.38

TRAVELERS PER HOUSEMOLD..:  1.57  1.80 2,28  3.30

DISTANCE/HOUSEMOLD. \.....+  15.22 20,90 44.12  64.5]

DISTANCE/TRAVELER...oerer? 9.8 16,07  19.32  19.70

TRAVEL TINE/TR NIN.......: 8644 79,08 74,156 6I.4

D-D SPEED WPHuuu.eeernon? 672 129 15,63 17,58

TRAVEL TINE/TR - CAf.oeent 1949 60,55 86,20  59.35

TRAVEL TINE/TR - BUS...00:  83.76 1039 1,27  &.79

DISTANCE/TR =~ CARu.ocoaent 3,74 14017 1836 17.94

DISTANCE/TR ~ BUS....e00.t  5.80  1.78  0.85  1.31

TRIP RATE/TRyurennseennnnt 249 382 372 397

TRIP DISTANCE, veenoarrert  3.B8 &4  5.19 4.9

TRIP TINE WIN.ooovesiesd 3468 2LEBA  19.53 16,92

___ CLASSIFICATION BY HH SIZE.

HOUSEHOLD STIE vvrvavsensd 1 2 3 s 5

ND. BHS EXPANDED (°000)..: 65,08 129.16 103.37 99,92 138.05

TRAVELERS/MH..vvovnasaveot 1,00 Jubd  1.88 2,35 3.02

TARS PER HOUSENOLD.......:  0.66  1.33 159 1.8 477

TRAVEL TIME/TR WiNveeuuoot 7684 72,72 73.87  B0.18  T5.16

TRAVEL DISTANCE/TR ......t 12,00 1076 17.20 18.26 7,02

D-D SPEED MPH...........t  5.43 1465 1401 1366 13.59

TRIP RATE/TRuvcevnnserenet 3,03 372 342 374 3.1

TRIP DISTANCE,cevsnaenree? 297 478 5.03 489 471

TRIP TINE NNeewssseerosd 25,23 19.56 2054 20,48 20.8

i s o

[y,

{MOTE: DISTANCES ARE IN MILES)



BALTIMORE :TIME FREQUENCY DISTRIBUTIDN DATA (OBSERVED)
TRAVELERS CLASSIFIED BY HH INCOME AND CAR OWNERSHIP

————————— -

INCONE_GROUPS CAR DWNERSHIP LEVEL L

GROUP INC.1 INC.2  INMC.3 INC.A INCLS NG 0 CAR 1 CAR 2 CARS 3+ CARS AL
§ NEAN TIME TRAVELERS
1 7.5 L] 13 10 17 15 19 1 30 20 17 fi]
2 15 4 10 3 22 14 31 1 28 h 20 86
3 5 10 i5 8 | 2 n Fi) i) 19 u 125
4 35 2 13 8 40 25 7 10 33 3 17 125
] 45 7 13 9 32 21 24 1? 3 37 I8 108
b 1] ] 18 Yol 37 32 12 20 b3 4 L 139
7 b5 7 7| 10 30 2l 23 20 28 3 | 102
8 73 3 8 12 13 19 2 14 19 15 20 I
9 B5 4 1 9 n 15 13 19 22 2 | 16
10 93 2 2 12 10 1t 1b 7 18 20 B 33
il 105 3 0 7 17 11 15 7 16 L] 7 54
12 15 0 3 3 it 13 13 11 15 16 ] 47
13 Vo) i 3 2 b 7 3 7 B 10 3 n
14 135 0 4 2 3 4 8 b 7 b 4 1]
15 145 1 1 2 H] 3 7 4 8 B 4 n
1b 155 1 4 4 3 1 2 3 10 3 3 2
17 163 2 2 0 4 L) 3 3 3 7 2 15
18 175 0 0 4 7 1 1 i K] 7 0 13
19 185 1 ¢ 1 1 3 0 2 1 2 1 &
20 195 0 { ¢ 3 3 3 0 3 3 4 12
21 205 2 3 1 1 2 g 3 3 3 1 14
2 215 I 9 ! 0 0 1 H 1 1 0 3
PAL 225 ¢ 1 2 i 1 2 ¢ 3 1 0 7
¥ 233 0 ¢ 0 0 0 0 0 0 0 0 0
25 TOTAL 52 145 148 318 258 325 198 408 121 y s 125

2 XIqNEddY

...gff..



BALTIMORE :TIME FREQUENCY DISTRIBUTION DATA (OBSERVED)

TRAVELERS CLASSIFIED BY HH INCONE AND CAR OMNERSHIP

INCOME GRGUPS CAR DNERSHIP LEVEL ¢

BROUP INC.I  INC.2  INC.3 WG4 INC.5  INC.G OCAR f CAR 2 CARS 3+ CARS TOTAL
P OMEAN TINE  TRAVELERS
| 11.29 8 pii 15 39 » 50 15 58 54 kY 164
2 3 12 2 % 7 47 bb 3 8 92 53 750
3 50 14 3 3 9 53 &b 3 97 8? i 266
A 70 10 19 2 5 10 M M N b 38 180
5 % b 13 il 32 2% 3 2 10 " 19 129
8 110 3 5 12 28 2 b 18 3 0 12 101
7 130 1 1 ' ¥ 13 13 13 15 15 7 51
B 150 2 8 b 8 12 9 9 19 1 7 15
9 170 2 2 3 1 5 ' \ ] 1 by 28
10 190 1 1 g | b 5 2 1 7 5 18
11 210 3 3 2 | 2 b A b 8 i 17
12 230 0 i 2 i t 2 0 3 1 0 7
13 T01ML b2 145 e 38 298 35 19 M8 a2 229 125

-+ - L -
TIME FREQUENCY DISTRIBUTION STATISTICS : BALTIMORE

TRAVELERS CLASSIFIED BY WH INCOME AMD CAR OWNERSHIP

BROUP  INC.1  INC.2  INC.3  IMCA IMLS  IMC.6 DCAR 1CAR 2CARS 3+ CARS TOTAL
1002 OF TRAVELERS
TR. OBSERVED 82 45 148 38 258 35 199 48 42 peu 12%
NAX. TT (NIW) 2?0 230 2% 130 230 230 1 B0 B 210 230
AVE. TINE/TR, 89.52  67.03 7107 BA.6B  T70.92 45,52 7.4 506 69.88  99.2 87,44
S.D. OF TIM S2.67 .07 LS M5 409 ALBS 15,53 478 4.3 42,59 n.n
S.E. OF TIME 869 LW 39 248 293 . .89 .M 43 24 m 1.33
COEFF. OF VAR Tb .74 47 B T3 .51 g7 g2 7
ALPHA 1. L8 22 214 277 187 269 1.9 200 1,93 2.00
BETA 03 .03 03 03 03 03 .04 .03 03 .03 .03
BANNA R, 93 L1300 L7t 95 .53 .9 1 .97 1,02

€ YIQNEdAV
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APPENDIX 4

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

CLASSIFICATIDN BY HH INCOME.
BRDUP "mBER-.I..II..CI.I: 1 . 2 3 4 5 TDI;“VBI

WD, HHS EXPANDED {*000),.: 3.9% 10,26 15.24  19.06 12,01  B1.0b
HOUSEHOLD INCOME ${°000).1 3.0 6,00 10,00 1400 25,00  13.82
TRAVELERS /HDUSENOLD. .....3 1.2 1,30 1.80 .77 2.6% 2.05
CARS PER HOUSEHOLD.....dud 0.52 0.71 .22 1.42 1.83 1.34
DISTANCE /HDUSERDLD. 4 v svs ot 5,42 20,08 2947 44 1.8 W5
DISTANCE/TRAVELER.......ot 3,34 13,09 156,37 18,38 17.80 14,85
TRAVEL TIME/TR MIN.......t 69,63  &8.B0  69.01  #9.92 71.81  70.01
D-D SPEED MWPH...........: 310,25 1L42 123 1577 L9l 1AM

TRIP RATE/TRAVELER.......: 2,78 2.83 2.7 3.12 1.2 3.0%
TRIP DISTANCE...oianeaast 4.30 4.3 331 588 3.4 5.4
TRIP TIME MIN....vvvaneent 25,08 24,03 25,22 22,38 21,78 22.70

CARS PER HDUSEHDLD.......: 0 1 2 34
TRAVELERS/HOUSEHDLD. .40 3 1.5 LN 2.5 .M

DISTANCE/HBUSEHOLD ....00s 1007 27,20 48,10 6431
DISTARCE/TRAVELER, v ouusss? 8.89 15.47 1891 193
TRAVEL TIME/TR WIN.......:  72.86 &9.47 - &9.79 70.88
B-n SPEED nPHOII"III'.I': ?.32 13153 :6.26 160‘6

TRIP RATE/TR..ncsvnuvuunsl 2.33 3.05 3. 24 3.3
TRIP DISTANCE...ouauasvand 3.82 5.13 3. 84 3.83
TRIP TIME BIN,.vvecrneasnr 30032 22,75 21,36 2024

CLASSIFICATION BY HH SIZE.

HBUSEHBLB sIIEI.I.IIIIIll} 1 2 3-4 5*
TRAVELERS/HOUSEHOLD. ... ..2 1.00 n .40 3.01

(NOTE: DISTANCES ARE IN MILES!

Cont.



APPENDIX &4

LONDON 3 URBAN TRAVEL

- 46 -

CLASSIFICATION BY CAR DWNERSHIP

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

CARS PER HOUSEHDLD.......: 9 H 2¢ V6.
DISTANCE/HDUSEHOLD...u.unt 16,29 28,28 A3 2570
DISTANCE/TRAVELER. svuoeest 1015 14,14 1576 13.18
TRAVEL TIME/TR MIN...eoee: 82,78 78,49 79.76 80,02
0-D SPEED MPH..,uevveersdd 7.3 10.B1 15,85 5.088
TRIP RATE/TRusuasnssnnvasd 2.2 3.01 3.37 2.85
TRIP DISTANCE. ovssaareest? LR L7 4.58 4.62
TRIP TIME MIN.vvvsooranent 36,82 26,10 2043 28.12

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

(NDTE: DISTANCES ARE IN NILES)

READING ¢ URBAN & INTERURBAN TRAVEL

CLASSIFICATION BY CAR OWNERSHIP

ARS PER HOUSEMOLD...uu.st 0 1 2¢ VG,
DISTARCE/HDUSEHOLD, ,v0vevd  25.12 40,71 63,81 4059
DISTANCE/TRAVELER........:  17.64 21,33  26.8%  21.83
TRAVEL TIME MlN.vseasenant  7B.70 W25 BATH  77.68
D-D SPEED WPH...veo..naad 1343 12,22 1899 16.BD
{NDTE: DISTARCES ARE IN MILES)

DOCOR-TO-DODR SPEED BY MODE
CITY BALTIMORE ¥ASHINGTON LONDOX READING
CAR 15.94 12.12 18.81
BUS b3 5. 30 1.87
RALL -- N/& 11.58 .97
T8)1 5.84 8.0 -
NOTORCYELE 15,14 14.31 16,41
AVERAGE 13. 46 4.4 .88 16.86

{NOTE: SPEEDS ARE IN MILES PER

HOUR)



*uep

WASHINGTON D.C. :TIME FRERQUENCY DISTRIBUTION DATA (OBSERVED)
TRAVELERS CLASSIFIED BY CAR OMNERSHIP _ L

¢  XIQNEdLY

NORTH CORRIDOR S0UTH CORRIDOR NORTH & SOUTH !

GROUP i 2 0 M 0 i 2 3+ A ¢ 1 2 » M
§ MEM TINE TRAVELERS
1 7.5 7 & 71 b 18 § S & 15 1IW 16 112 13 3 302
2 15 10 108 162 27 307 17 115 t47 12 31 277 13 3N N hiB
3 ¥ 20 200 260 39 M4 149 1y M I8 LI I B (1] 932
A 35 17 133 182 0 I T i1 xn 233 M a2 W N 812
5 15 27 i 1 3 M 20 1% 41 N 218 a7 197 2 W 580
b iy 0 W3 226 8 S0 14 13 tiz MW In 8 299 398 18 679
7 5] 16 %1 11 25 NI 33 82 15 16l 1152 193 40 404
g 73 19 9% 138 34 28] 13 48 92 2% W2 32 158 230 & 43
¢ 85 2 9 1M U i 84 167 19 LY Y 4. B 497
10 §3 4 52 68y 20 15 a4 5 13 e A 9 1w W 293
1i i05 10 62 B89 25 18b B & & 19 I 18 127 151 M 34D
12 115 nH #7713 1 5O & 8 13 i 9 137 N 28}
13 125 I B & 8 % 2 15 7 3 - B - B + 18
4 133 6 W M 11 9 1 3 32 T B 7 63 MW I8 164
15 143 3 0 N ¥ M8 2 1B & & 7 7 8 IS 131
16 155 i A 22 & W i y & U 2 W% M 12 M
17 1465 5 15 17 B & 1 12 23 13 9 & 7 M B %
18 173 4 15 b i 3 1 B 15 4 B 302 U 0 a7
19 185 ! 12 i 22 0 4 15 ¢ 19 0 Yy 2 3 4
20 195 ! ¥y 8 1 19 0 [ 8 1 15 I 15 1 2 3
2] 205 i 4 3 2 12 0 3 b 3 14 1 9 1 7 20
74 5 1 ] 4 0 12 9 2 4 0 4 i 7 10 0 18
23 225 0 4 & 9 10 0 ! b 0 b 0 o 0 14
24 25 ) 5 1 0 4 0 i 1 0 2 0 4 2 0 b

Yl TOTAL 252 1398 1933 439 4021 162 1095 117 340 3034 M4 293 31350 799 7055

SEITIRT

1
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APPENDIX 5

JIME FREQUENCY DISTRIBUTION STATISTICS @

TRAVELERS CLASSIFIED BY CAR ONNERSHIP

WASHINGTON D.C.

. NORTH CORRIDOR

SOUTH CORRIDOR

NDRTH & SOUTH ]

BROUP 9 1 2 3 Ml 0 1 2 3+ Al o i 2 3+ TOTAL
100% OF TRAVELERS
TR. DBSERVED 252 1398 1933 438 4021 162 1095 1417 30 3034 414 2493 3350 798 7055
MY, TT (NIW) 2% 13 2 N 0 1Im 8BS 5 W5 235 A5 25 W W5 235
AVE. TINME/TR.  5B.24 &4.71 64.35 67.17 §5.12  55.14 44.53 66.66 68,22 45,44  43.12 64.63 43.M 67,64  85.27
5.0, OF Tine 41,25 44,88 43,64 43.27 43,89 3b.29 44.03 85.B1 45,97 45,4  39.B6 A5 45.02 44.92 4454
5.E. OF TIME 2 L2 .99 .07 A% 289 L33 1.4 2.8 .82 1. .89 .7 L3¢ .53
COEFF. OF ¥AR S Y BB LA L8T7 N TN R B A3 89 87 L4 .88
ALPHA 74 2,08 2.1% 2.42 22 2,3t 215 2,03 2.11 2.08 23 2.4 2.1 2.27 2.15
BETA L0403 .03 L0403 04 03 .03 .03 L03 L0403 .03 .03 03
BANMA 1.9 104 1.0 520 f.3 1.17 107 1,01 1,05 i.04 1.3 1.05 1.03 L.14 1.07
99% OF TRAVELERS _
TR. DBSERVED 250 1386 1915 435 39O 161 1686 1407 360 3004 H1 477 BT M 6987
NAX, TT (KIN} 195 205 195 185 %5 165 195 200 205 195 15 25 25 1% 195
AVE. TIME/TR.  67.11 63.34 63.12 66,24 63.88 34,39 3.3 A5.56 68.22 £3.9% 62,00 43.41 64,36 66.43  83.8!
5.0. OF TIME 39.4 42,56 41.25 41.89 41.5  35.14 42,07 A5.1 4697 43.04 W05 .77 4323 3.1 221
5.k, OF TINE 2,89 L1494 201 L& .77 1.8 L2 .M .79 1.8 .8 .70 1.54 D
COEFF, OF VAR LN Y AR Y S R NI TR B | I TN YA YN +bb
ALPHA 2% 224 2.3 25 2% 2.4 .26 241 .11 2 2.4 2,21 22 23 .29
BETA L4 03 04 040 04 L0 04 03 03 .03 D4 03 03 .04 04
BANNA .83 L1 L2 L3 L2 L.24 §.44 1,03 105 1.1 1.4 1.1 L1 L2 1.15
954 DOF TRAVELERS
TR. DBSERVED 240 1338 1B40  41B 3BSE 154 1051 1383 350 2891 398 2394 3202 TN &749
BAY. TT {NIN) 155 155 145 155 i35 15 145 185 145 155 145 155 155 145 155
VG, TINE/TR.  62.74 59.18 58.74 41.99 60.03  50.41 59.54 b1.66 64,48 59.65  5O.44 59.58 59.98 64.21  §9.87
§.0. OF TIME 33.68 37.03 35,49 36.98 36,75 30,23 37.51 A0.14 42.56 37,82 33,51 37.43 37.45 40.54 3.2
S.E. OF TIME 217 1.0 .88 L W 4 136 108 28 7 .68 .M b6 1.4 o435
COEFF, DF VAR LY A B -1 N Y T S Y T Y -7 AN\ S+ Y 42
ALPHA 347 2,55 2.1 .85 .67 2,78 2.8 23 23 .4% Lo 2.3 2% 2.H .5
BETA D04 04 L0 .05 .04 M6 L0404 04 04 A5 .00 0 L0 o
GHNA 3.2 L3 L% 177 1.3 .68 1.3 L2 1.17 L32 2,12 L3 138 1,34 1.42
0% OF TRAVELERS
Th. OBSERVED 228 1267 1762 A03 3e49 1y 99 1290 3 2104 319 2258 3020 72 6320
NAY. TT (HIN) 120 1% 1IN 18 1B 0o 128 13 W 1B Hm 1A 15 13 125
AVG. TIME/TR. 58,63 DA, M4 53.17 58.85 35.20  48.24 S4B 54,42 5B.4 56.57  SA.76 54,4 54,86 57.85 493
8.0. OF TIME 29,2 31,95 32.07 33.06 31.74 28,27 32.87 34.43 35.77 .57  29.32 32.353 32.23 3L 32.08
5.k, OF TiNE LRI .8 W76 165 O3 2,32 .04 9% 197 . LM .8 .9 1L ob
COEFF, OF VAR PHEIY-  BY- B-T R- H - Y ST ) B ) Y o4 L5 5 L8 .38
ALPHA £03 2.9 2.% 315 .03 2.9 .78 2,89 .87 2.88 34 2.85 2.9 .98 2.9
BETA 07 05 .05 .05 .05 06 05 05 .05 .05 L6 .05 05 L0 .05
GAXMA & LB L9 23 04 1.8 1.65 1.53 L1 1.2 28 L7 .82 1.9 1.88

Cont.



WASHINGTON D.C. :TIME FREQUENLCY DISTRIBUTION DATA (OBSERVED)
TRAVELERS CLASSIFIED BY CAR OWMERSHIP

¢ XINIIY

NORTH CORRIDOR SOUTH CORRIDOR KORTH ¥ SOUTH )
GROUP ) 1 2 3 At 0 1 1 3 At 0 1 2 3 TDaL
¥ NEAN TINE TRAVELERS
i 11.75 17 170 240 43 479 b 183 12 &7 a5 1 3 952 90 20
2 30 4 333 M2 12 93 4 28 280 72 b2 87 56 1 1N 1544
3 30 722 3 %1 ea 3 214 283 17 blo i1 4% 82 170 1459
4 0 B’ 187 W9 59 5N 22 13 11 W 3 310 23 103 887
3 70 3 1 20 0§ 451 18 13 158 32 39 33 276 I3 8] 790
[ 110 2 11 i 39 33 13 115 122 3N M5 M 2% 88 13 421
7 130 P % 1Y R I 8 8 M o1 12 117 1t 1 33
g 150 [ )| 15 e 3 2 % 12 w0 ¥ 13 16 27 21
9 170 T 3 3 12 B 2 20 B 13 0N uH % 71 1 16
10 135 B L I é M o 10 3 I M 1 2 8 7 &)
¥ 210 2 T 1 YA | ¢ T N 122 2 1 2 7 %
12 Y& 0 ? 7 0 0 2 & 0 g 0 ¥ 13 0 n
13 T0TAL M2 1398 1933 438 02 162 1095 1M7 360 3034 414 2493 33w 199 1055

TIME FREGQUENCY DISTRIBUTION STATISTICS : WASHINGTON D.C.
TRAVELERS CLASSIFIED BY AR OWNERSHIP

MORTH CORRIDOR SDUTH CORRIDOR NORTH & SOUTH 1
GROUP 0 1 T ¥ M 0 1 z 3+ Al 0 ] 7 I T0MML

100%Z OF TRAVELERS

TR, DBSERVED n? 1198 1933 438 4021 162 1095 1817 30 30M4 44 49 3350 78 7655
HAX. 1Y (AIN) 30 0 20 N6 230 230 230 230 240 230 200 230 236 210 30
AVG, TINE/TR,  47.94 4.9 BA.5B 66.93 83.16  55.51 64,39 66.69 58,14 85,51  43.08 B4.76 63.47 67.98 65,01
5.0. OF TINE 41,1 87T 43,09 43.71 43,91 36,37 44,17 47.06 47,39 45,82 J0.TH 40,5 85.15 85,38 4L 4D
5.E. OF TIME 2.5¢ 1.2 9% 200 .A9 2.8 1.33 1.5 2.5 .83 1.95 .89 .78 1.8 -4

COEFF. OF VAR T RS L N BT - B N LI Y ) D A | A3 9 By W87 08
ALPHR 213 21 2.1y M 2 2,33 2,14 2,01 2,07 2.04 2% 212 21 A 214
BETA 440 03 .03 .04 03 04 03 .03 03 .03 L4 .03 .03 .03 .03

GAMNA 1.5 .05 1.0% L2 1.1 .19 .07 1 1.0 1.03 1,35 1.06 1,05 1.1 1.07




APPENDIX 6
LONDON :TIME FREGUENCY DISTRIBUTION DATA (DBSERVED)
TRAVELERS CLASSIFIED BY WM INCOME
. ]

GROVP  INC.1  INC,2 INC,3  INC.4  INC.5  INC.&  INC.7 INC.B  INC.9 INC.10 INC.11 INC.12  TOTAL
HHS  UNEXPAN, 206 712 XS 487 534 846 1105 953 730 &5 My 294 7157
4HS EXP, (00} 46 2557 1421 1747 1989 2375 AGMB BT 458 2408 1837 1094 26159
£1P. FACTOR 362 359 o 359 372 348 Y 388 Iod 17 1)1 312 355
& MEAN TINE TRAVELERS
1 5 0 2 8 ] 10 11 35 30 30 b 2 8 188
? 15 4 15 27 i 39 42 74 9 42 1] 45 25 545
3 25 4 33 Y] 3% 85 73 132 142 113 %0 57 H 234
4 35 5 45 3 52 54 104 192 152 155 12 73 45 1049
5 45 7 #H 26 % 59 81 147 143 19 107 77 44 934
b 55 7 33 51 kY, 58 73 149 141 134 107 72 b 937.
7 65 7 47 T A 87 94 173 180 i3 151 93 74 1145
g 75 é 26 17 39 72 70 148 134 114 105 75 82 873
g 85 10 2 20 33 18 53 119 110 89 197 82 49 2.
10 95 [ 19 20 8 43 81 13 104 98 B4 9 55 701
11 §05 5 14 16 16 32 43 98 77 70 81 )| 47 575
12 115 0 14 12 12 28 3b &b 48 80 41 4 3 4bb
13 125 1 4 10 18 35 28 75 77 0 1) 82 35 464
14 135 1 & 4 14 10 7 51 54 47 50 &4 3 375
15 145 2 3 1 ? 19 21 29 42 # H 33 35 260
14 155 { 8 3 21 i3 2t 48 39 38 39 2t 21 216
i7 185 0 2 3 9 12 20 28 29 19 20 Vel 18 190
18 175 0 5 4 5 11 4 19 2 20 23 9 11 135
19 185 4 “ 2 ] § 14 14 24 18 13 2 13 i40
20 195 ? B b 3 b 4 15 12 15 13 L] 15 109
2 205 1 3 1 1 3 3 14 13 i1 £ 5 7 72
22 215 1 b 0 ? 2 5 b B ] 1 ) 4 80
23 225 0 2 2 | 5 0 5 11 10 5 5 4 50
H 235 ) 1 1 t 3 ? 5 2 4 5 ] 3 3
25 245 1 3 0 1 4 { 2 2 3 H 1 2 b7
2% 255 0 3 0 i 2 3 b 3 2 1 2 i 27
27 25 0 0 i 0 1 2 3 & 5 1 4 3 23
28 275 i 0 1 1] 0 i 0 0 1 2 2 i ]
yi] 285 0 0 2 1 1 1 4 3 2 2 0 1 17
30 295 0 2 0 [ 1 0 0 3 2 2 1 0 11
U 305 ) 0 0 0 0 1 1 1 5 2 0 0 10
32 313 ¢ 1 0 1 1 0 3 3 1 0 3 0 12
33 325 0 1 0 0 0 0 1 1 3 i 3 0 i0
3 335 b 0 0 ) 0 1 1 1 1 ¢ 1 0 4
35 5 0 0 1 0 1 0 0 0 0 1 ] 1 H
k73 355 0 0 0 D 0 ¢ 1 0 z ) 2 0 5
37 145 0 0 0 0 ¢ 0 i 0 ) ] 0 2 2
38 375 0 1 0 0 0 ) ) 0 1 ¢ 0 0 2
39 385 0 0 0 0 ¢ 0 9 0 0 9 0 0 )
40 95 0 0 ¢ ] 0 0 0 0 0 0 t i 2
'} 405 0 0 0 0 0 ¢ i 1 0 0 ¢ ¢ 2
42 45 0 0 0 | 0 0 0 0 0 0 0 0 1
43 425 0 )] 0 0 i 0 0 ¢ 0 0 9 ¢ 1
M 35 0 0 0 ) 0 0 0 0 0 ¢ 0 0 0
45 4135 (] 0 0 0 0 0 ) 9 0 ) { ¢ 1
44 455 ) 1 0 0 0 0 0 0 0 0 0 0 1
47 445 0 0 0 0 ¢ 0 ¢ 0 0 ¢ 0 0 0
48 475 ) ] i 0 0 0 0 0 0 0 0 0 1
43 485 0 0 2 0 0 0 9 0 0 0 9 0 2
50 495 0 0 0 0 0 0 1 1 1 0 0 1 [
51 TOTAL Té 384 385 78 493 917 1B01 1740 1510 1422 077 1% 11294

=31 EESSEEE s TRy g=axzs

Cont.



APPENDIX 6

TIME FREQUENCY DISTRIBUTIDN STATISTICS 31 LONDDN

- 51 -

TRAVELERS CLASSIFIED BY HH INCOME

BROUP  INC.3 INC.2 INC.3  INC.4  INC.5 INC.& INC.7 INC.B8  INC.9 INC.20 INC.11 INC.12 TOTAL
100% OF TRAVELERS
TR. OBSERVED b 384 365 478 573 917 1801 1740 3510 1422 1077 79 11294
MAX. TT {AIN) FIE] 455 485 495 493 33 495 495 495 bLH] 195 495 "
AVE. TINE/TR. 8579 82.5 714 77,07 79.3% 78.5% 79.78 Bi.i1 83,56 B3.49 91.89 91,75 §2.4
5.D. OF TINE  57.78  63.26 43.14 B54é7 5436 #9.85 532 S4.7% 574 S2.42 9854 56,62 .
5.E. OF TINE 65 123 3.3 2,9 206 L& LB 1L} 148 1.3 178 201 37
COEFF, OF VAR A7 77 .88 ) .48 43 b7 b8 «b9 +b3 b 62 47
ALPHA 2.2 L7 LA L% 213 24 2% 419 242 455 2.4 .43 223
BETA .03 »02 02 .03 03 03 03 03 203 03 03 203 03
EanmA 1.1 B H .9 4 L6 L2 LIS 1.1 L6 138 LY L4 1.42
99% OF TRAVELERS
TR, OBSERVED 76 381 2 475 487 908 1784 1726 1495 140 1048 769 11193
NAL TT (MIN} 7 315 345 2855 255 25 255 255 2% 243 335 265 25
AVE, TINE/TR, BS.79 80,12 4B.01 75,42 77,27 %662 77.48 79.14  BL.1B BLL91 89.46 BR.36 B0. 29
6.0, OF TINE  §7.78 57.3 5108 0.53 49.38 4591 47,58 50.14 5188 4B.91 5138 50.43 19,84
5.E. OF TINE 4,63 2294 2,48 2,32 §BB 1,52 LI3 L2 LM .3 163 1.8 &7
COEFF. OF VAR .47 72 ] b7 bt b 4] .63 «bd s o 36 82
ALPHA 22 L% LT B L8 M L5 289 248 LB 2,82 LI 2.8
BETA .03 02 03 03 03 04 .03 03 03 .03 03 04 43
BANNA 1.1 .98 82 112 L2 te6 149 L3212 LB L7 .28 1.42
954 OF TRAVELERS
TR, QBSERVED 3 369 M7 458 bb2 873 1715 1Y 17 130 1030 167 107192
nax. T7 (NIN) 205 213 185 175 185 165 175 185 195 185 195 195 185
AVG. TINE/TR., 79.25 74,35 40,82 70,37 71.B3 71.87 72,22 .34 76,06 TNl BA.0B  BS.E2 .1
5.D. DF TiNE 48.3 4802 372 4501 4.2 392 .20 8.4 427 2. 519 4.8 2.7
S.E. OF TINE 5.68 2.5 2 0 Lé L3 A7 L0E LI 115 L4 14D .41
LOEFF. OF VAR 41 b .4l .41 .37 36 - - .38 .55 oié 33 o3
ALPHA 2,67 24 467 2.4 303 3N 32 M 2% LB Lé& W2 3.09
BETA 03 .03 .04 04 04 05 04 04 04 04 04 04 L4
BAMNA .53t LA L3 . 207 253 247 (.88 1.2 282 L9 LM 2,18
0% OF TRAVELERS
TR. BBSERVED 70 M kAL 4 835 832 1éeB 1592 1378 13 992 728 10327
MAX. TT (HIN) 185 175 125 155 135 1L H] 155 15 155 155 165 185 15
AVE. TIRE/TR., 7418 66,07 35,73 47,07 67,57 &7.54 &6%.49 o949 70,47 7294 BO.21 80.14 .72
S.D, OF TINE 42,55 3671 30.15 35.9 35,39 3544 3033 38.26 3B.35  JB.35 41,39 40.22 38. 06
S.E. OF TINE 5.0 197 1.4 1.BY LM LA M S0 103 LOF L3 L.49 37
COEFF. DF VAR o937 56 - 59 54 .33 S -+ 1 »33 292 3 oid
ALPHA .04 324 342 2.8 345 39 LA 3 LW L& LW LW L85
BETA 04 05 b 04 05 05 05 05 209 »05 05 J05 N -
BaNKA 200 252 L4 L L4 L48 L2 28 2% 319 AN NTB 315

Cont.



TRAVELERS CLASSIFIED BY #K JNCOME

LONDON :TIME FREQUENCY DISTRIBUTION. DATA (OBSERVED)

]

SROUP  INC.1  INC.2 INC.3 INC.4  INC.S  INC.&  INC.7 INC. INC.9 INC.10 INC.11 INC.12 ToTAL
HHS UNEXPAN. 204 712 3195 87 M Al 1105 95 730 b3b L i) "
WS EXP. (00) My 257 14 1747 1989 2375 4048 3487 2658 2408 1437 10 215%
_E_Xf:_ﬂ\gmﬁ 362 9 380 35% 312 Jod 360 Jbé 14 387 n Nt 385
§ MEAN TINE TRAVELERS
1 10 4 17 35 52 9 93 109 129 §2 92 b4 13 U
2 30 11 78 [in] ee 121 177 3N yyll 268 7 130 87 1883
3 50 1) 7 n bl 117 154 Ha 284 53 214 149 140 1871
4 10 13 73 (| 87 139 164 A 3 230 256 148 134 1988
5 90 14 L} 40 LY 81 114 231 214 97 19 154 104 1433
b 1o 3 30 ¥/, P &0 84 164 145 150 143 119 LM 1041
7 13 2 12 14 32 45 83 126 ) | 91 114 126 8 i
a 150 3 1 4 2B 23 1 1 8l 78 P 54 b 33
9 1710 L 7 7 14 3 i Ly k)| 39 3 B ¥y 323
10 190 ] 14 8 7 10 18 H ie 331 2 29 8 4%
11 210 2 9 1 3 3 8 20 2 20 19 1 131 132
12 230 0 3 3 2 8 2 19 13 14 10 14 7 Bb
13 TOTAL T I 357 10 1 97 1776 1715 1AM 1403 1095 785 11519

zzz=z
TIME FREQUENCY DISTRIBUTIDN STATISTICS 1 LONDON

TRAVELERS CLASSIFIED BY HH INCOME

GROUP INC.1 INC.2 INC.3 IMC.4 INC,5 INC.6 INC.7 INC.B INC.9 [INC.10 INC.11 INC.12 TOTAL
100% 0OF TRAVELERS
TR, OBSERVED " 37 KR 70 ()] %07 1776 1713 1481 1405 1035 85 11119
max. 1T Ml 210 230 230 230 230 230 230 20 30 ) 230 230 30
AVE. TINE/TR, 81.89 75.5¢ M.62 7305 7576 7635 767 7812 79,05 BLI7T 9761 BB.b 79.13
5.0, OF TIEE  51.38 49,48 #4407 4165 47,1 £5.9 454 49,58 4874 HB.12  M6b M9.M2 18.17
S.E. OF TIME .7 251 L3 2.2 1.8 L352 t.1 L7 L2718 LS LT A
COEFF, OF VAR 43 .49 .48 63 b2 N ] ] b2 b2 .37 97 R 81
M PHA 2% 233 215 2% 2% 77 A7 2% 283 2.8 11 LA 1.7
BETA A3 .03 .03 .03 .03 M 0 .03 .03 04 04 .04 03
BANNA 1.37 .19 107 . 1.2 183 L5B 1.M 1.44 .76 2,22 2.% 1.54

.

9 XIQWdAY

_Zg...



-53_

APPENDIX 7

~ LONDON :TIME FREQUENCY DISTRIBUTION DATA (DBSERVED)
TRAVELERS CLASSIFIED BY CAR DWNERSHIP

. !
BROUP 0 CAR 1 CAR 2+ LARS TOTAL
HHE UNEXPAK. 3233 3204 803 s
HHE EXP. (00} 1a7? 11809 2918 26159
EXP. FACTOR 31 369 3b6b 363
§ MEAN TINE TRAVELERS
i ] L 109 b 188
2 15 i 35 111 544
3 5 182 49¢ 150 8l
4 35 57 B8 202 1043
] 45 248 501 143
4 95 330 460 144 931
] 403 53 180 1113
8 75 319 404 15} 073
3 238 348 104 132
0 75 254 320 127 701
11 105 174 305 95 37
12 15 180 213 73 46
13 125 149 L] 80
14 135 98 244 o 315
15 145 48 141 S0 260
16 155 80 14 50 276
17 163 ¥ 104 26 i%0
18 i1 43 83 29 135
19 185 42 75 22 150
20 183 35 31 23 10%
21 205 ri) 3 14 n
22 215 22 24 14 40
23 25 12 Vsl 9 W
24 235 i1 17 B W
3 203 9 i 4 A
2 255 b 17 4 27
i) 263 3 12 5 23
28 273 i 4 4 8
29 285 4 9 2 17
30 2% 2 8 0 1
3 305 i 7 2 10
32 35 4 4 1 12
1 3 i ] i 10
] 335 ¢ i 2 4
B pLr] 1 2 2 3
38 355 2 1 2 3
R 345 0 1 2 2
38 378 1 1 0 2
39 385 ¢ 0 9 0
4 39 0 1 1 2
4 405 0 2 0 2
42 415 0 0 1 1
3 825 1 0 0 1
i) 135 0 0 9 ¢
LS LLH] 0 i 0 |
&% 453 i 0 8 1
17 465 0 0 9 0
48 475 0 { 0 !
19 485 2 0 0 2
50 475 2 2 0 4
31 TOTAL 341 3857 1951 11294

Cont.



APPENDIX 7

TIME FREQUENCY DISTRIBUTION STATISTICE 3 LONDON
TRAVELERS CLASSIFIED BY AR DMNERSHIP

BROUP 0 CAR | CAR 2+ CARS TOYAL
100% OF TRAVELERS
TR, OBSERVED 3461 5857 1941 11294
Nax, 1T (NIN) 495 495 M5 #95
AVG. TINE/TR. 85.23 80.98 82,45 B2.54
5,0, OF TIME 53.04 55,97 57.07 25,24
§.E, OF TINE R T3 1.29 .52
COEFF. OF VAR .2 6% B9 Y]
ALPHA 2.58 2.09 2.09 .23
BETA 43 .03 .03 03
GAMNA 1.4 1.04 1.04 1,12
99% OF TRAVELERS
TR, DBSERVED 3429 5801 1945 11193
MY, TT {NIN} 255 265 275 265
AV6. TINE/TR. B2.%1 78,42 B0, 34 BC.29
§,0. OF TINE 4,97 50,55 52.2 9.8
§.E. OF TINE .8 b 1,18 N7
COEFF, OF VAR .57 Y .45 62
ALPHA 3.12 2.42 .3 2,59
BETA 04 .03 03 .03
GAMMA .3 1,26 1,22 1.42
95% OF TRAVELERS
TR. OBSERVED 3310 5606 1883 10792
WAX. TT (NIN} 185 185 195 185
AVE. TINE/TR, 78.19 73.72 75,44 75.17
5,0, OF TINE .39 3,72 45.22 2.7
§.E, OF TINE .7 .58 1,04 i
COEFF. DF VAR .52 .59 b 57
BLPHA 3,75 2.84 2,78 3.09
BETA .05 04 .04 O
BGANMA L4 1.74 1.85 2.18
90% OF TRAVELERS
TR, OBSERVER 3164 5364 1783 10327
KAX. TT (NINY’ 155 155 155 155
AVE. TINE/TR, 73.84 89.2 89,62 70.72
5.0, OF TINE 5.8 39.02 38.92 38,04
§.£, OF TINE 83 5 92 57
COEFF, OF VAR A8 .54 R 5t
ALPHA &3 315 3.2 3.45
BETA b 05 .05 .05
GARMA 8.89 2.3 2.42 3.45

Cont.
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APPENDIX 7

~ LONDON :TIME FREQUENCY DISTRIBUTION DATA (OBSERVED)
TRAVELERS CLASSIFIED BY CAR DNNERSHIP

GROUP 0 CAR 1 AR 2+ CARS TOTAL
HHS UNEIPAN, 3235 3204 803 7159
HHS EXP. (00} 15477 11809 Fyki) 26139
EXP. FACTOR 381 369 34 368
§ MEAN TINE TRAVELERS
i 10 155 434 145 TH
2 30 439 1087 392 1883
3 ) 318 951 39 1871
4 70 122 935 331 1988
3 0 512 BB 25 1453
& 11¢ 354 e 168 1041
7 130 238 434 144 84
8 150 148 28% 100 334
9 170 102 167 35 325
10 190 m 126 43 29
i 210 % o8 n 132
12 230 23 L1 17 8
13 TOTAL 44 978! 1928 1ns

TIME FRERUENCY DISTRIBUTION STATISTICS s LONDON
TRAVELERS CLASSIFIED BY AR OMNERSHIP

GROUP 0 CAR i CAR 2+ CARS TOTAL
100% OF TRAVELERS
TR, DBSERVED 3414 3761 1928 119
NaX. TT (AIN) 230 230 % 230
AVE. TINE/TR. 82,09 1.3 78.58 1M.13
5.0. OF TIME §5.92 48,82 #.7m7 48.17
5.E. OF TIME 78 ) 1.13 o
COEFF. DF VAR 1] 43 63 N 1
ALPHA 3.2 232 2.49 2.7
BETA 04 A3 03 M

BAMNA 2.4 1.3 1.32 1.54
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READING :TIME FREQUENCY DISTRIBUTIDN DATA (OBSERVED)
TRAVELERS CLASSIFIED BY W INCOME |

-BROUP INC. 1 INE.2 INC.3 INC.4 INC.5 INC. 6 TOTAL
HHE UNEXPAN, 169 149 246 404 243 100 1333
HHS EXP. {00) 7155 7580 10584 16973 10702 4028 37023
£XP. FACTOR §2.34 44,85 42,467 42,02 44,04 40.28 42,78
§ NEAN TIME TRAVELERS
1 ] | i & i3 3 3 26
2 i3 8 b 14 5 2 19 13
3 o] 12 20 3 b 41 21 jea
4 13 14 27 45 18 44 15 223
5 45 7 2l 37 4] 50 2 224
b 55 5 19 8 S 49 13 in
7 b3 11 & 4 B1 &0 17 218
8 75 3 4 18 49 H 14 122
9 8 ] ib 19 39 34 12 128
10 93 7 8 30 28 29 12 13
11 105 1 ] b 23 15 ] 96
12 115 2 1 g 16 2§ B =)
13 129 2 4 7 25 il ¥ 57
14 135 2 6] b 16 12 1 L5
15 145 3 3 b 9 3 1 Y+l
16 135 ¢ 0 2 1 12 b 3
17 163 i i 1 b 3 3 14
1B 175 0 0 0 B 3| 5 25
1% 185 1 0 1 1 4 8 25
20 195 9 i 1 9 ] 3 19
yil 205 2 0 ¢ 2 3 4 11
22 215 9 1 3 7 4 4 17
23 225 0 0 l b 2 4 Hp
24 235 0 ¢ 1 i 3 9 E
25 245 9 0 2 -2 2 1 b
2b 253 1 [ 0 5 0 1 7
2 263 ¢ 9 0 0 2 1 3
28 25 0 3 0 2 2 3 19
Vsl 285 0 0 0 2 1 0 4
30 293 0 1 0 1 0 0 2
31 305 0 0 Y 0 !l 3 b
32 315 0 9 | 1 9 ¢ 2
kM 325 0 ¢ 0 ¢ 0 0 0
3 335 0 0 ¢ 1 0 0 H
35 3 0 0 0 ! 0 | 2
36 353 9 1 ¢ 3 ¢ 0 4
3 3b5 ¢ 0 0 0 1 2 2
38 373 0 0 0 0 0 1 1
3y 305 0 0 ¢ 0 0 0 ¢
4 395 9 9 ] 0 0 0 ]
4) 405 6 0 0 0 0 0 ]
LY, 415 9 0 0 0 0 0 0
43 425 ¢ 0 0 1 0 0 1
H 435 0 0 0 i 0 9 1
45 45 0 0 0 0 0 9 0
4 455 0 0 0 0 0 0 0
4 435 0 0 ¢ 0 0 0 ¢
4 175 0 0 0 0 0 0 ¢
49 485 0 0 9 1 0 9 1
50 495 1 2 4 3 0 ¢ 10
31 TOTAL 89 156 323 ne 491 226 1986

o i

Cont.
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TIME FREQUENCY DISTRIBUTION STATISTICS 1 READING

TRAVELERS CLASSIFIED BY KM INCORE
GROUP INC. § INC.2 INC.3 INC. 4 INL.S INC. 4 TOTAL

100%Z OF TRAVELERS
TR, OBSERVED 89 156 323 110 §%1 a2 1984
Nax, TT (MIN} 495 95 495 55 385 55 495
AVE. FINE/TR. 71.18 (LAt 72,4 80,51 80,34 95,35 7%.78
5.D. OF TIME 86,68 . 64,8 49,52 39,43 79.98 54.97
S5.E. OF TIME 71.07 3.9 3.61 2,41 2.3 5.32 1.3
COEFF. OF VAR 54 59 .9 .86 b9 b3 B4
ALPHA 1.4 1.02 1.25 1L 2.1 146 1.4
BETA .02 At .02 202 03 02 .02
GAMMA 54 .99 H B9 1.6 B89 .89

924 OF TRAVELERS
TR. DBSERVED 8% 156 323 T4 g0 25 1970
max. TT (MR 435 495 495 hhH 275 W 385
AVE. TINE/TR. 71,18 74,55 2.4 .17 76.87 .31 Th.68
5.D. OF TIME bb. 65 7.71 &4.8 99,58 v2.3 77.94 37,46
5.E. OF T 7.9 5.9 3,41 2.5 2.37 be2 1.5
COEFF. DOF VAR .M 97 o9 77 2bb 082 ]
ALPHA 1.14 1.02 1.25 1.48 .27 149 1.78
BETA 02 .01 02 A2 03 02 .02
GAMNA .94 99 .94 %] LIS «B9 93

954 OF TRAVELERS
TR, OBSERVED 8 149 308 79 70 7 1888
HAX. TT (KIN) 185 215 155 25 195 75 205
AVE. TINE/TR. 50.88 41,351 61.33 6%.9% 12.%4 Bb.B4 $8.78
§.D. OF TiME 3.8 38.15 33.07 44,27 3.3 45,19 3.3
5.E. OF TIHE 4.32 L13 1.88 1.78 1.99 4,43 1
COEFF. GF VAR 63 .62 54 .bb 39 J5 o3
ALPHA 2. 24 3.4 219 2,85 1.7 2,52
BETA 04 04 06 .03 .04 02 04
BANNA 1.2 1.43 3.18 .16 1.75 92 1.5

2074 OF TRAVELERS
TR, CBSERVED 83 143 24 842 2 07 1792
X IT (NN 145 i35 125 185 155 215 155
AV6. TIME/TR. 38,13 37,03 97,69 42,53 56,2 79.01 62,85
S.D. OF TIxE 3. 99 © 3. 28.41 3b. bt 34.82 35,64 35.01
5.E. OF TIME 3.93 .62 1.87 1.45 1.6b 3.87 83
COEFF, OF VAR b2 -+ ] »98 .33 .7 M
ALPHA .41 L3 407 % .48 2.02 32
BETA N Ob 07 03 05 03 A5
GAMMA 1.4 wn 6,53 .95 3.78 1.01 2.43

Cont.



- 58 -

APPENDIX 8

. TIME FREQUENCY DISTRIBUTION STATISTICS : READING
TRAVELERS CLASSIFIED BY H¥ INCONE

== bt o
GROUP INC.1 INC.2 INE.3 INC.4 INC.35 INC.6 TOTAL
100% 0OF TRAVELERS

TR. DBSERVED B? 149 36 86 482 24 1923
BAL. TT (MIN) 210 21 0 230 YA 30 230
&V6. TINE/TR. b4. 48 51,68 65.25 .87 16.43 82.04 71.68
5.D. OF TIME 46.12 38.463 39.89 18.9 48.09 58.95 47.61
5.E. BF TINE 4,94 3.4 2.4 1.86 2.19 4.06 1.09
COEFF. DF VAR .72 .63 .61 N B3 12 bb
ALPHA ' 1.95 2.5 2,48 217 .53 1.9 227
BETA 03 04 .04 .03 .03 02 03
BANNA .98 1.3 1,52 1.08 1,35 .97 1.14

READING :TIME FREQUENCY DISTRIBUTION DATA (DBSERVED)
TRAVELERS CLASSIFIED BY HR INCOME

sROUP INE.1 INC.2 INC.3 INC.4 INC. 5 INC. & TOTAL
HHS UNEXPAN. 189 169 248 404 243 100 1333
HHS EXP, 100} 7155 7580 10584 16975 14702 4028 s7023
EXIF, FACTOR 42.34 44,85 42.49 42.02 “.04 40.28 42,79
-------- ==== == o zzss
¥ MEAN TINE TRAVELERS
] i0 9 7 20 S 27 22 139
2 30 il 47 T8 142 85 411
3 30 12 40 by 14 99 37 399
] 70 14 Ho &3 13 L 31 340
3 50 12 2 9 b7 & 29 3%
b 140 3 b 14 39 36 13 112
7 130 9 13 41 23 10 100
8 150 3 3 8 20 15 I 3
9 170 i 1 1 14 14 8 41
10 190 1 1 2 20 12 1 4
11 210 2 1 3 9 1 9 28
12 230 0 0 2 7 ] 4 18
13 TOTAL 87 149 314 686 462 21 1923
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SUBJECT: THE TRAVEL MONEY BUDGET

1.

INTRCDUCTION

1.1

1.2

1.3

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 memcrandum, 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 UMOT travel model as a time budget allocated to itravel, and applied
as an explicit constraint in a process where accessibility to opportuni-
ties within an urban area is maximized.

The second explicit constraint in the maximization process of the UMOT
model is the iravel 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.

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 ocut-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.

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

An attachment to Progress Report No.10, The UMOT Travel Model-II.



The available information to this date can be summarized as follows:

Nationwide

(1) Yearly expenditures on iransportation, 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).

Figure 1. Transportation saxpenditures as a pe go of vatal § con-
sumption sxpenditures.
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This stability is described in Ref.{1) as follows:

"Between 1950 and 1970 the proportion of perscnal 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,
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 (2).

Thus, 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.



Within Cities
(Nationwide travel money expenditures include both urban and intercity

travel, while urban travel money expenditures are those for urban tra-
vel only.)

(1) Washington, D.C., 1968 and Twin Cities, 1970, 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 (2).

(2) The Nuremberg Region, 1975, 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 (2).

(3) Two Residential Areas of Delhi, 1979, TIndia, The daily travel money
expenditures were il and 9 percent (4). 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.)
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Fig. 2 Expenditure on traniport as a proportion of household income

(4) Kuala Lumpur, 1978, 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." (35) '

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,



THE TRAVEL MONEY BUDGET IN BALTIMORE AND LONDON

z.1

2.2

Introduction

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

(2) Ageregation of households by income groups ~ 6 groups in Baltimore
and 12 groups in London - results in estimates of iravel money ex-
- penditures which are averaged over a range of different incomes.

(3) It is easler 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.

(4) 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 nct
generate travel on the survey day, have to be considered; the fre-
guency 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.

Daily Travel Distance Freguency Distributions

It was shown in the previous technical memorandum that the daily iravel
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 3-4 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.



Fig. 3 Daily Travel Distance/TR Distributions, Baltimore
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A compariscn 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.

FIG. 7 TRAWEL TIME~-TR BISTRIBUTIOHS
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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.



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 frequency 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 Pigures 11-12. 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.

FIG. 11 TRAVEL TIME~-TR DISTRIBUTIONS
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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, 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 3).
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It becomes evident from 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 BExpenditures per Household

Travel expenditures per average household, stratifiéd 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. DCT,
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 urban travel was estimated to be 20 cents/mile.
Motoreycle costs were estimated to be about one half car costs, or 10
cents/ﬂile. - Average passenger occupanc1es were estimated to be 1 5 for
car and 1.2 for motorcycle.

London, 1977: D.T.P. recommended figures for 1976 were: bus fares - 4.90
p/mile, and underground rail fares - 5.07 p/hlle. Since no data was avai-
lable for taxi fares, they were estimated to be 10 times bus fares, or

49 p/hlle. The available data for car cperating costs were related to
speed, and at a speed of 35 kKph the operating cost was 2.6 p/km, or 4.18
p/mlle. Hence, the full car travel cost, including depre01atlon, 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 motoreycle per household were found to be very small
in both cities and, therefore, any error in their estimated cosis would
not have any practical effect on the daily travel money expenditure per
household. BSecond, the estimated car costs, 20 cents/mile in Baltimore
and 10 p/hile in Londen, 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 tc surface when average values are used
for all household classes., This, indeed, is the case, as shown below,

Appendix 3 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 TRAVEL EXPEHDITURE WS. I1HCOME
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A comparison beiween the above results and those cbserved in other cities
(as detailed in Section 1,3) 1s 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 dlagrams, which alsc show the estimated expenditures
on travel,
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FIG. 17 TR&VEL EXPENHDITURE US. IHCOME
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The following conclusions can be inferred from the above comparisons:

(1) The average unit costs applied in Baltinore and London, which
resuit 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; 1t 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 money expenditures per household can display very wide
variations at the disaggregate level within each income group, partly
due to differences in socloeconomic 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 suffi-
cient to bring up consistent and transferable regularities not only
in the daily travel time expenditures per traveler, as shown in the
previous report, 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 socioeconomi¢ 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 model; given the tlme and money tudgets
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 distance per
household, by mecde, as well as all other travel components, without
laberious calibraticns. 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.
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APPENDIX 1

BALTIMORE :DISTANCE FREQUENCY DISTRIBUTION DATA (OBSERVED)
TRAVELERS ELASSIFIED BY HH INCOME & CAR OWNERSHIP

INCOME SROUPS . CAR OWNERSHIP LEVEL ]
GROUP INC.1  INC.2  INC,3  INC.4  INC.5  INC.G 0 CAR 1 CAR 7 CARS 3+ CARS TOTAL

§ MEAN DIST.  TRAVELERS

1 .3 2 g 3 10 4 8 9 19 10 2 4
2 2 11 28 9 36 15 17 35 M. 27 14 114
3 4 10 n 19 32 19 Al 40 3b 34 2 131
4 b ] 2! 21 18 27 21 20 31 35 13 119
3 g ] 19 17 21 | 20 32 33 8 2 113
] 10 & 12 11 Jb 19 23 17 3b 32 72 107
7 12 4 4 14 19 13 u 9 34 26 15 84
8 14 2 7 5 14 1 13 1§ 14 14 13 34
9 14 2 4 b 12 1 14 3 14 22 8 49
10 '8 ! b ] 1 12 135 & 13 23 B 30
1 20 3 2 b 13 14 3 2 H | 23 17 50
12 22 2 l 4 10 1§ i1 4 13 14 8 39
13 2 ! i 1 13 9 14 2 12 18 9 41
14 24 ! ! 1 7 3 & 2 b 8 3 21
13 2 i 2 2 9 i1 12 2 10 19 & 37
15 30 0 2 ) 3 10 b 0 7 i 3 23
17 32 0 1 4 1 ] 7 ) ? 17 5 3t
18 34 2 2 3 ] 7 B 2 7 14 4 27
19 18 2 0 2 9 3 ? 1 il 3 B ¥h
20 38 0 1 2 3 & & 1 ki 4 4 18
21 4 ¢ 1 0 3 ¢ 4 0 3 2 i 8
2 42 1 l 0 4 { 4 ! 3 5 2 1
2 i 0 1 0 3 1 0 1 1 2 1 5
24 L1 ¢ 0 0 2 1 2 0 2 L] 1 7
23 TOTAL 1) 145 143 310 244 J08 202 399 401 212 1214

DISTANCE FRERUENCY DISTRIBUTION STATISTICS : BALTIMORE
TRAVELERS CLASSIFIED BY HH INCOME & CAR DWNERSHIP

INCOME BROUPS CAR OWNERSHIP LEVEL !
GROLP INC.1  INC.2  INL,3 INC.4 INCLD O INGLA 0 CAR 1 CAR 2 (ARS 3+ (ARS T0TAL

100% OF TRAVELERS

TR, DBSERVED b4 145 143 310 244 308 202 199 41 212 1214
RAX.DISY. (KM) a2 L[ 38 4 4 4 H 45 4 4 44
RV6. DIST/TR. 11.035 P12 L9 149 1612 15,86 8.3 13,75 165 1RT3 .04
§.0. DF DiST. 19.03 9.03 §.2 .47 1.2 1 .87 1.2 1117 10.83 10.93
S5.E. OF DIST, 1.26 73 0 .83 .72 .53 .38 «3b b T4 .31
LOEFF. OF VAR .1 .9 01 J% .7 L9 . .82 N3 A9 .78
ALPHA 1.21 1.02 1.67 1.4 2.06 2.08 1.2 1.3 2,08 2.1 1.54
BETA A} 11 .14 Al A3 A3 14 41 13 A3 .12

GANMA .52 .1 . .B? 1.03 .03 92 .8 §.04 1.03 .9
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BALTIMORE :DISTANCE FREQUENCY DiSTRIBUTIDN DATA {(OBSERVED)

INCOME BROUPS

CAR ONNERSHIP LEVEL s

BROUP INC.1 INC.2  INC.3 INC4 DINCS INC.S OCAR 1 CAR 2 CARS 3+ CARS TOTAL
§ NEAN DIST.  TRAVELERS
1 1,25 13 35 1 % 2 25 " 57 37 16 154
2 5 15 43 40 50 5 80 B 69 1 250
3 9 14 3 28 63 37 Y] 9 89 40 2 220
i 13 b 13 2 33 2 39 20 48 42 20 138
5 17 3 7 1 23 23 29 11 27 45 b 59
b 2) 5 3 9 23 75 3 8 29 19 25 99
7 v 2 2 2 20 14 22 ' 18 2 1 62
8 29 i ‘ BT 2 18 2 17 30 i1 60
3 3 2 3 7 16 15 15 2 16 3 3 S8
10 37 2 1 ‘ 12 1 t3 2 20 9 12 83
11 i 1 2 0 7 1 B 1 8 7 3 19
12 15 0 1 0 5 ' 2 1 3 5 2 12
13 TOTAL 84 M5 3 MO 24308 202 399 W1 2 1214

DISTANCE FREQUENCY DISTRIBUTION STATISTICS : BALTIMORE
TRAVELERS CLASSIFIED BY HH INCOME & CAR CWNERSHIP o
INCOME ROUPS  CAR ONNERSHIP LEVEL :

BROUP IN.U INC.Z  INC3 INCA NG TN OCAR 1 CAR 2 CARS 3+ CARS TOTAL
100% OF TRAVELERS
TR, DESERVED 60 145 13 30 4 38 202 399 M 22 1214
WAR.DIST. A1) i 5 s 8 1 5 [ 4 45 15 15
AVG. DIST/TR. 1 .09 1199 1455 16,09 15.% 8.8 1371 162 1581 14.08
S.D. OF DIST. 10,08 9.07 9.2 1LS9 1024 11,03 7.8 163 LM 10.88 11
$.E. OF DIST, .26 .05 .11 e .72 .43 S5 .57 .56 LTS 32
COEFF. OF VAR 9t 1.7 .8 g RN/ ST BN .78
ALPHA .22 I LT LS 205 2.09 L2300 148 209 218 164
BETA IS S ¥ ST S ¥ R+ S § TR BRI T I | 12
SANNA M bt .8 102 108 S8 LM 105 9




- 18 -

APPENDIX 2

LONDON 3DISTANCE FREQUENCY DISTRIBUTION DATA (EXPANDED) -
TRAVELERS CLASSIFIED BY CAR OWNERSHIP |

CAR DWNERSHIP LEVEL '
GROUP 0 CAR I CAR 2+ CARS TOTAL

¥ MEAN DIST.  TRAVELERS

1 3 4797 9093 2547 18434
i 13 3320 3500 1776 10594
3 23 1340 2976 tin w507
4 33 553 1753 bbY 2
3 4 264 1090 330 1882
& 53 80 448 218 761
T &3 33 232 83 390
8 73 13 140 &b 219
9 ] 3 134 42 181
10 5 3 38 30 VY
11 105 Rl 40 16 67
12 113 11 35 4 9y
13 123 3 2% 8 40
14 133 0 1 ¢ 11
3 TOTAL 12488 21581 148 41233

DISTANCE FREQUENCY DISTRIBUTION STATISTICS 3 LONDON
TRAVELERS CLASSIFIED BY CAR DMNERSMIP

CAR DWNERSHIP LEVEL '

BROUP 0 CAR i AR 2+ CARS T0TAL
100%Z OF TRAVELERS
TR. OBSERVED - 12488 21581 ne #2313
NAX.DIST. (KK) 125 135 125 135
Av6, DIST/TR, 13.05 18. 34 20.78 17.1b
5.0. OF DIST. 12,43 17,49 18.43 14,46
§.E. OF DIST, o1 A2 22 H8
COEFF. OF VAR .95 ) .89 77
ALFHA L1 1.08 .27 1.06
BETA .08 06 08 b

GAMMA ' 93 »76 N .97
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APPENDIX 3

TRAVEL MONEY EXPENDITURE : BALTIMORE

CLASSIFICATION BY HH INCOME

INCONE GROUP. -+ v erennsst 1 2 3 i 5 5 AVE.
HR INCONE $(°000). 00,000t .00 600 10,00 1550 22,00 28.00  15.99
INCONE /DAY $1.vvumrnnnent 9,39 18,75  31.25 AB.40  80.75  B.50  43.B4
CARS PER HOUSEHOLD. . ant 0.2 061  0.85 .54 1.80 234 1.4

DISTANCE/HH 1 CAR......s
DISTANCE/HH ¢ BUS....

&6 134 121 29.18 4227 5162 30.22
3.01 .39 3,64 3.36 3.70 3.03 189
DISTANCE/HH @ TAXIL...... 0.21 0.17 9.17 0.14 0.03 0.00 0.11
DISTANCE/HK = W/C....... 0.00 0,03 0.34 0.41 0.15 0.51 0.33

DISTANCE/HH @ TOTAL.....: 11,88 1833 21,36 LY 443 36 L3S

MONEY EIP£iDITURE, fod 1.63 2.49 2,90 4.48 6,09 1.2 4.57
MONEY EXPENDITURE, X....: 17,60 13.30 9.30 9.30 8.9 8.30 9.17

INOTE: DISTANCES ARE IN MILES)

TRAVEL MONEY EXPENDITURE : LONDON

CLASSIFICATION BY HH INCOME

INCOME GROUP....vviunusat l 2 3 4 3 4 7 8 ¥ 10 i 12 AV,
HH INCOME LU°000) . 000000t 0.50 .00 1,38 1,75 225 275 LS50 450 550 475 B.5 1L30 409
INCOME/DAY, Leovuscnianes .56 313 43 547 7,03 6,59 10.94 1406 17.19 21,09 272,34 3594 1278
CARS PER HBUSEROLE......: 0.07 0.1 024 0,33 0.45 056 0,72 0,85 0.9 1.08 1.2 L.32 0.7
DISTANCE/HH : CAR.....ust ¢.52 1.76 3.06 3,99 478 8.23 11.38 12.84 16,31 17.B4 22.07 26.1% 11.13
DISTANCE/HH & BUS.....,.: 1.99 2,36 315 L0 401 326 308 358 LM L77 LY LM L&
DISYANCE/HH @ RAIL......t 0.41 0,60 1.5 L7f 2,86 3.60 5,25 4,10 8.1 10,14 1376 1378 5.b3
DISTANCE/HH : TARL......: 0,00 0.00 0.0 0.07 0,16 041 0.09 0,09 0.13 0,07 0.268 0.5 0.12
DISTANCE/HH s W/i.uiaanet 0,00 0.06 0,02 0.33 0.16 0.4 043 055 0.65 0.57 L1t Lo1 0.4
DISTANCE/HH : TOTAL.uese3 292 AT 7,89 9.20 13,97 1561 21,03 23.t6 20,16 32,19 40.7% 4505 20.79
MONEY EXPENDITURE, L....: 0.15 0,27 0.47 0.5 0.88 .97 1.2¢9 1.42 1.81 1.9% 2.34 2.9% 1.2
MONEY EXPENDITURE, X....: 9,60 B.70 10,80 10,20 12,50 11.30 11.80 10.10 10.40 9.30 9.30 8.20 10.04

-4 t-4 §

(NOTE: DISTANCES ARE [N MILES)
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