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The TRANS Urban Model System and Its

Application to the 1972 National
Transportation Study

b
y

Edward Weiner

an

THEMULTI -MODAL national urban a set o
f relationships describing in detail

transportation policy planning model the variation in travel demand over the
described in this paper , is the current course of a day.4
operational version of the continuing The current stage of development , the
Transportation Resource Allocation multimodal TRANS model , represents aStudy ( TRANS ) modelling effort.1,2 The major extension o

f the scope of earlier
TRANS approach has been one of de versions b

y including in the same in

signing a set o
f

models which are : re vestment analysis transit a
s well as

sponsive to the needs o
f

urban policy highway . This version draws upon the
planners and decisionmakers a

t

the high result of a research project which pro
est levels ; capable o

f dealing effectively duced aggregate , areawide mode
with large numbers of transportation choice model capable o

f predicting rela
issues quickly and efficiently ; capable o

f

tive transit usage for work and non
assessing the consequences of alterna work trips , in peak and off peak periods ,

tive courses of action complemented with o
n the basis o
f

travel time and travel
the ability to determine preferred cours cost differences between private automo

e
s o
f

action to achieve desired goals ; and bile and transit modes.5 This integrated
finally , capable o

f explicitly relating to multi -modal framework has been the re
the social , economic , environmental ,and sult o

f
a combined effort o
f

the Federal
political impacts o

f

each alternative Highway Administration and the Office
under consideration . o

f

the Assistant Secretary for Policy and
Prior to the TRANS activity , much International Affairs . It provided analyt

o
f

the effort toward the development o
f

ical support for the 1972 National
urban transportation planning tech Transportation Study performed b

y

the
niques had been almost entirelydirected Department o

f Transportation .

a
t the process of formulating transpor Basic Approachtation plans for individual areas . While

the need for such a technical process for The TRANS Model system is com

local planning is self -evident , there are prised o
f
a set of analytical procedures

considerable difficulties in attempting to for evaluating alternative levels and
directly apply these techniques for na mixes o

f transportation investments in

tional policy planning . The model struc urbanized areas . The model operates on

ture described in this paper was under a
n aggregate level , treating each urban

taken to achieve this specific objective . region a
s
a basic unit o
f analysis . It is

Earlier versions of the TRANS Model capable , however , o
f treating in a single

represent developmental stages o
f

the application every urbanized area in the

TRANS -urban methodology.1 These ver nation .

sions were basically highway oriented The underlying structure of the
models primarily concerned with treat TRANS -Urban model system , as it is

ing highway investment tradeoffs under applied individually to each urban re
varying transit usage assumptions . The gion , is shown in Figure 1

. The process
later version provided the capability to involves specifying a range o

f

invest
analyze central cities and suburbs sep ment levels to be tested , and within each
arately and incorporated the resultsof level , alternative mixes among four
three specific research projects into the types o

f transportation supply ; free
model system.2 These projects produced : ways , surface arterials , conventional bus ,

( 1 ) a system sensitive model for pre and rapid transit (both bus and rail ) .

dicting areawide urban travel , 3 ( 2 ) an The increments in supply are added to

analytical model for estimating the d
is existing levels o
f

each supply type ( in

tribution of highway travel between each urbanized area ) to provide a total
freeways and surface arterials , and ( 3 ) 1990 transportation system alternative .

Travel projections are made o
n

the basis

* Office of the Assistant Secretary for o
f

both socio -economic variables and the
Policy , Plans and International Affairs , nature and extent of the transportation
U.S. Department o

f Transportation . system supply alternative . The travel is
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measures

as

distributed by time of day and mode ,
with system performance
( such as speed ) estimated on the basis
of the interaction between supply and
travel der and . User costs (such

traveltime costs ) are calculated for each
mode , along with external costs ( such
as pollution costs and specified social
costs for dislocations and disruptions ) .
Changes in these costs between alter
natives are compared with changes in
investment levels and an economic analy
sis performed . If the alternative passes
various constraints which may be placed
on the economic analysis and also passes
constraints due to " non - costable " factors
( such as number of fatalities ) , then the
alternative may be accepted . All speci
fied investment levels and supply mixes
are investigated , with the so - called " best
alternative " selected and summarized .
The following sections describe in
some detail the major elements of the
TRANS -Urban model system .
Incrementing Structure for Testing
Alternative Supply Levels
The multimodal version of the
TRANS -Urban model , as it analyzes
each urbanized area individually , con
siders a specified range of investment
levels for each area . Within each invest
ment level, the model considers a speci
fied range of mixes in the supply of free
ways, surface arterials , conventional bus
transit , and rapid transit. The invest
ments represent total expenditures for
each mode and submode over the entire
forecast period . Thus , by applying ap
propriate unit costs to the investment
in each category , total new supply pro

vided between base and target years is
calculated . This " new " capacity provided
is then added to base year (existing )
supply in each transportation category
yielding total supply available in the
target year for each of the four supply
categories .

The application of the incrementing
structure within the model system is il
lustrated by Figures 2 and 3. Figure 2
primarily describes the first four alter
natives considered by the model in each
urbanized area . The first alternative
(which is not really an alternative as
such ) operates on base year conditions
and performs an evaluation of system
performance (speeds, operating costs ,
accidents , mode split , etc. ) under cur
rent supply levels. The second alterna
tive examines the “do -nothing case
under which future travel projections
are derived assuming no additional facil
ities are added to those existing in the
base year .
Alternative three involves the addi
tion of a specified minimum supply of
surface arterials to be provided for the
growth area between the 1968 and 1990
urban boundaries . ( The unit costs as
sociated with this minimum supply of
surface arterials assumes that these
roads will be reconstructed from existing
outlying rural facilities.)

FIGUREJ

OPERATIONOFNORMAL INCREMENTINGSTRUCTURE
FROM K=5 THROUGHKmax
INVESTMENTBYCATEGORY

INVESTMENTTOTAL INVEST. SURFACECONVENTIONALRAPID
LEVELNUMBERINVEST. MIX FREEWAYARTERIALBUS TRANSIT

LEVEL NUMBER 1 12 131

5 15 P11'5 P12's P13'5 P14's

FR Pmils Pm2l5 Pm3'5 Pmals

Imat 1 PhilmaiPialmakPq3lmax

PramaxPimz'mai

PERCENTOFINVESTMENTALLOCATEDINMIXNUMBERTOCATEGORY
100.0

NOTEBOTHTHEUPPERANDLOWERBOUNDSOFTHEMODALPERCENTAGESFOREACH
MODEMUSTBEINTEGERMULTIPLESOFTHEMODALPERCENTAGEINCREMENT.



THE TRANS URBAN MODEL SYSTEM 105

are

Br
Bo

Xn

The fourth alternative adds a specified ning period to a target year supply , the
minimum supply of conventional buses following relationship was developed , as
in order to overcome the model's inabil suming a linear variation in total supplyity to appraise the very low levels of between the base and target years .
conventional bus service which would Ib B.Xnarise from the normal application of the
incrementing structure under low invest Bn = Cb X + B ,
ment levels . This alternative is the base 2 - X
to which subsequent alternatives
compared until one is reached which is
better according to the economic analy Where

si
s , a
t

which point the latter alternative = Bus fleet size in target year
becomes the new basis for comparison . Bus fleet size in base yearBeginning with the fifth alternative ,

the model's normal incrementing struc X , = Number o
f years in the eco

ture is applied , as shown in Figure 3 . nomic life of a bus
Initially , within each investment level ,

= Number o
f years between basethe percentage allocation to each o
f the

modal categories is set a
t
a pre -desig and target years

nated lower limit . A test is performed Ib Capital investment in bus roll

to determine whether o
r

not these lower
limits add to 100 percent . If not , an in ing stock between base and

crement is added to the first mode leav target year
ing the other modes fixed . Increments CB Cost per bus
are added to this mode until its specified For the jt

h

time period in the futureupper limit is reached , whereupon the
next mode is incremented and the first (where each time period is the number
mode reset to it

s

lower limit . The pro o
f years in the economic life of a bus ) ,

cedure continues until all combinations
the number o

f
buses to be added ( o

r

within the specified ranges have been deleted ) annually is given b
y

the follow
ing relationship :tested , a

t

which point the overall invest
ment level is increased , and the process bnj — j . ( B , — B

.
) + B
.

o
f testing the various mixes is repeated . X xAs indicated earlier , unit costs b
y

wheremode are applied to each investment
level and mix to determine the total

bnj = Number o
f buses added per

target year supply b
y

mode . In the cases year in the jt
h

time period

o
f freeways , surface arterials , rail rapid , · Time period number .

and the non -rolling stock portion o
f

bus

In summary , the incrementing strucrapid this simply involves dividing the ture permits a systematic evaluation o
f

modal investment b
y

the appropriate specified mixes among four categories o
f

unit costs . In the case o
f

buses , however , urban transportation supply through athe analysis is complicated b
y

the rela specified range o
f capital investmenttively short economic and physical life levels . Non -capital costs such a
s

forof bus vehicles . The problem is illustrat highway maintenance and transit oper

e
d

in Figure 4 which shows that buses ations are derived based upon the levelbought in the base year may not b
e

in o
f

supply stipulated , and incorporated
service by the target year . To convert in the economic analysis . However , theytotal investment in buses over the plan are not included a

s part o
f

the invest
ments specified in the incrementing

VARIATION O
F

BUS SUPPLY BY YEAR structure .

Travel Subsystem

B There are three alternative methods

(TOTAL for developing the travel projections in

SUPPLY ) this version of the TRANS -Urban model .

These include : ( 1 ) the direct use o
f ur

banized area travel projections submit
ted b

y

the States , ( 2 ) a modification to

the State's submitted projections based

B
A

upon a simplified adjustment factor to

reflect variations in system supply , and

( 3 ) a modification to the States ' projec
tions based upon a set o

f sequential
models which predict person trips , trip

X
A

YEAR ( X ) length , and vehicle occupancy . The same
mode choice model is applied regardless

PERIOD 1 PERIOD 2 o
f

which procedure is used . These three

j

FIGURE4

B.



106 FIRST INTERNATIONAL - TRANSPORTATION RESEARCH

a.m.

methods are described individually be
low :

A. Use States ' Travel Projections Di
rectly . Under this approach , forecasts
of vehicle miles of travel (VMT) pre
pared by each State (as part of the
1990 Functional Classification and Needs
Study ) are entered directly into the
model for each urbanized area . However ,
since the mode split portionof the multi
modal version of the TRANS -Urban
model requires total internal person
trips as input , several adjustments and
assumptions are required to process the
States VMT forecasts . A step by step
description of this process (shown by
the flow diagram in Figure 5 ) follows :
1. States ' projected travel is separated
into internal auto, truck and through
travel by applying factors developed
from urban transportation study data .
2. Internal auto travel is converted to
internal auto person trips using overall
average trip lengths and car occupancy
rates .
3. Total projected internal person trips
are calculated by adding internal auto
person trips to base year estimated tran

si
t trips . Using base year transit trips

in this projection assumes ( 1 ) that the
states travel forecasts are trend based
and ( 2 ) that the transit trend reflects

a constant level o
f

transit trips (pro
jected transit trips equals current transit
trips ) . Once these transit trips are
merged with auto person trips they lose
their identity , and the entire sum of
internal person trips is subjected to the
mode split analysis , described later .

4
. Daily total internal person trips are

stratified by two trip purposes (work
and non -work ) .

5
. Trips by purpose are stratified into

peak and off peak trips .

6
. The mode split model is applied

peak and off peak trips , by purpose , ex

cluding hours between midnight and 4

7
. Transit trips are analyzed in the

transit subsystems . Auto trips are con
verted back to daily vehicle miles , com
bined with throughand truck VMT , and
analyzed in the highway subsystem .

B
.

Crude System Sensitive Adjustment

to States ' Highway Travel Projections .

The second alternative travel subsystem
involves a

n adjustment to the States '

projection o
f

travel to reflect the in

fluence o
f

different levels o
f system sup

ply o
n the level o
f

travel demand . The
functional relationship developed from
cross sectional data submitted b

y

the
States is a

s follows :

VMT = ( f ) (Ahighway capacity )

The change in VMT (AVMT ) refers to

the difference in travel between the
travel under the alternative being con
sidered and the States submitted travel .

The change in highway capacity refers

to the difference between the level of
supply under the alternative being con
sidered and the level o

f supply submitted
by the States under 1990 Functional
Plans . Thus , for example , if the highway
supply o

f
a system alternative exceeds

the supply level as indicated by the
States 1990 Functional Plan , the travel
projection used in the model will exceed
the States projection . The adjusted
travel projection used in the subsequent
analysis is derivedknowing the differ
ence in travel (AVMT ) and the actual
States ' submitted travel projection . Fol
lowing this adjustment process , this a
p

proach is identical to method A.

C
.

Full System Sensitive Adjustment

to States Travel Projections . The third
approach to developing travel projec
tions involves the utilization o

f
a

quence o
f

models developed under a re

search contract . The project titled “ A

System Sensitive Approach_for Fore
casting Urbanized Area Travel De
mands ” 3 produced relationships for esti
mating areawide daily person trips , av
erage trip length , mode split , and v

e

hicle occupancy , b
y trip purpose .

The use o
f the full system sensitve

approach involves sequentially the travel
models to adjust States ' submitted travel
projections to obtain highway VMT .

( Transit trips are estimated directly
using the person trip and mode split
models . ) The adjustment factor is de
rived b

y
( 1 ) solving for the model gen

erated internal auto person miles of

FIGURES

Developing Internal Person Trip Estimates

fo
r

Mode Split Analysis Using State's Travel
Estimates

State'sArterialVMT
Projectionfo

r

Urbanizedand

PercentInternal
AotoVMT

InternalAuto
ArterialVVT

ThruandTruck
VMT se

AveragoT
ri
m

Length InternalAuto
PersonTrips

AuteOccupancy

Totallaternal
PersenTrips

TransitTrips
TrentconstantNumber)

DailyDistributiono
f

Tripsb
y

Purpose

WortTrips N
o
n
-workTrips

Prak/011PeakDistribution

b
y

Purpose

PeakWort
Trips

011-PeakWort
Trips

PoatNon-wort
Trios

011-Poak
Non-wortTrips
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VS

PMTV

travel under the system capacity in the The selection of which of the three
States ' submitted 1990 Functional Plan, travel projection approaches to use is
and ( 2) assuming compatibility between left to the discretion of the analyst. It
the State's 1990 plans and the State's is expected , however , that approach “C ,”
projected auto travel (both of which since it reflects an attempt to explicitly
were developed together ) . With the as include system variables in projecting
sumption that the State's forecast is travel demand , would be applied most
correct under the State's planned system , frequently.
a ratio is computed between the model
projection of internal auto person miles Macro -Level Mode

Split Model

and the internal auto person miles based The development of a macro -level
on the State's projections. This ratio is (areawide ) mode choice model repre
used to adjust raw model estimates un sented the key to providing the TRANS
der future systems alternatives which Urban model with a true multi -modal
differ from the 1990 Functional Plans capability.5 The macro -model was form
submitted by the States . Thus , ulated utilizing data from micro -level

adjustment factor simulations using a hypothetical urban
ized region of 2.5 million persons , and aPMT , generalized micro mode split model (ap

PMT ; = x PMTvi plied to zone- to -zone trip interchanges )
PMT , developed from actual applications to

three real cities .
where A. Micro -Mode Choice Model Used in
PMT; = Adjusted internal auto person Development of Macro Model . Thirteen
miles used in model for supply alterna test situations were formulated using

tive i the hypothetical urban region . The tests
PMT3 = States internal auto person

covered a range of both highway and
transit levels of services , and two types

miles from VMT submitted with States of urban activity patterns . Three types
1990 system of transit alternatives were considered ;

= Model derived internal auto ( 1) conventional bus only , ( 2 ) bus rapid
(combined with conventional bus ) , andperson miles under State's 1990 system (3 ) rail rapid (combined with conven

PMT , = Unadjusted internal auto tional bus ) . The micro mode choice model
person miles from model for supply al used in the analysis estimated transit
ternative i. usage on the basis of ( 1 ) relative levels

of service between private automobile
The development of the adjustment and transit , ( 2 ) automobile ownership ,
factor occurs once for each urban area . and ( 3) trip purpose ( i.e. , work and
Once calculated , it is applied to the raw other ) . The relative system service levels
internal auto person mile projections for were estimated on the basis of the util
each alternative supply level being ity function .U = 2.5 ( Ta + TW – At)
tested . The operation of the full system + ( Tr – Ar ) + (F – 0.5P – D :M ) / C
sensitive model is described in the fol where U Marginal utility , Ta = Walk
lowing steps : time to / from transit, Tw Wait time
1. Internal person trips by home based for transit , Tr Running time for tran
work , home based non -work , and non sit , F = Transit fare , At = Auto term
home based trip purposes are estimated . inal time , Ar Auto running time, P =
2. Estimates of internal average trip Parking cost

, D = Highway distance ,
lengths by the same three trip purposes C = Cost of time ( assumed as 25 per
are solved for . cent of income ) , and M = Auto mileage

3. The person trip estimates are com cost .

bined for the mode split analysis . Per The concept of the micro - level model
son trips occurring during hours with no is that transit usage depends upon both
transit service are deducted from the the relative service levels between the
daily total . private auto and transit modes , and level
4. Person trips by the two remaining of auto ownership . The former factortrip purposes are stratified by peak and essentially treats “ choice " travelers
off peak periods . ( those having both transit and private
5. The mode split models are applied , auto available to them ) and is measured
by peak and off peak , and by trip pur by the function which relates the mar
pose . ginal utility between the two modes (on
6. Transit trips are analyzed in the the basis of traveltime and travel cost
transit subsystem . Auto trips are com parameters ) to relate transit use . The
bined with trip lengths yielding internal auto ownership factor accounts for
auto person miles of travel , which is the transit usage as it is influenced by both
quantity subject to the adjustment proc income level and the availability or lack
ess described earlier . of availability of private automobiles .
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The application of the micro model to
the 13 test systems produced a set of
aggregate , areawide data containing in
formation on travel demand , system per
formance , and system supply . Utilizing
these data , a group of aggregate level
relationships were developed to provide
TRANS with the necessary macro level
modeling capability .
B. Macro Models . The macro - level
mode choice models consist of families of
curves which relate areawide percent of
internal person trips via transit to area
wide traveltime and travel cost differ
ences between transit and private auto
mobiles . The models are stratified by
trip purpose (homebased work and
other ) and by time period (peak and off
peak ) .5 Since the models were developed
on the basis of a hypothetical city of 2

.5
million persons , their application in
TRANS is limited to only the largest
urbanized areas (greater than 500,000
population ) . The aggregate mode choice
models are applied to the peak /off peak
and home based work and other internal
person trips , which emanate from any
one of the three travel structures . As
mentioned earlier , transit trips are then
analyzed in the transit subsystem while
auto trips are converted to vehicle miles

o
f

travel and incorporated with truck
and external VMT , yielding total area
VMT , to be analyzed in highway sub
system .

Driving the macro models are four
basic inputs — traveltimes and travel
costs for private auto and transit .

1
. Private auto traveltime . Within

each alternative , private auto travel
times are estimated using a

n

iterative
approach . For each TRANS supply a

l

ternative , the model initially assumes
that all internal person travel will be via
private auto .

Having made this assumption , a first
estimate is made o

f average overall
travel speed o

n highways for peak and

o
ff peak periods . These speeds are con

verted , through estimated average trip
length , to average time per internal auto
person trip , which is then used in the
mode split model .

After the mode split calculation is

made , highway travel is reassembled and
highway speeds recalculated using the
highway subsystem and compared to

the speed used going into the mode
choice analysis . If the speeds match
within a specified tolerance , the model
proceeds normally . If the speeds fail to

match , an adjustment is made to provide
new input speed estimate , and the
mode split rerun . This process continues
until the input and final speeds actually
balance within the tolerance limit .

2
. Transit Traveltime . Transit travel

times are estimated utilizing equations

based upon the relationship between
peak transit travel time (minutes ) and
transit supply per capita . The equations
were developed to account for the effect

o
n transit traveltime of levels of con

ventional bus supply which differ from
those inherent in the 1

3 system tests as
well as to incorporate logical minimum
and maximum traveltimes .

Off peak transit traveltimes are de
rived using a relationship which relates
off peak times to peak traveltimes based
upon relative transit supply in the two
periods , and based upon level of high
way supply .

3
. Private Auto Travel Costs.1 Cost

per internal auto trip for the purposes o
f

themode split analysis include perceived
vehicle running costs and parking costs.2
Perceived running cost per vehicle mile

is divided b
y

vehicle occupancy and mul
tiplied by the average trip length ( b

y

trip purpose ) , yielding the running cost
per trip . This cost , which is initially
input on a per vehicle trip basis , repre
sents a

n estimate o
f

the sum o
f all

parking costs incurred ( b
y

trip purpose
for peak and o

ff peak periods ) divided
by the sum o

f
all trips taking place (by

trip purpose for peak and off peak
periods ) . Parking costs are calculated
external to the model by estimating the
percentage o

f

auto trips in a metropoli
tan area which end in the central busi
ness district (CBD ) , b

y trip purpose and

in the peak and off peak periods . ( It is

assumed that only CBD trips incur park
ing costs . ) The actual parking fee which

is charged is then multiplied by this
percentage to arrive a

t

a
n average cost

spread over all internal automobile trips
within a particular trip purpose and time
period . A vehicle occupancy factor is
then applied to convert to cost per per
son trip .

4
.

Transit Travel Costs . The perceived
cost to transit users is represented solely
by the average areawide fare . Transit
fares are specified separately for peak
and off peak periods .

In summary the macro level mode
choicemodel is applied to each urbanized
area for each supply alternative , and
produces estimates o

f the split o
f

in

ternal person trips between the transit
and private automobile modes .

Transit Subsystem .

Following the mode split analysis for
each investment level and unique mix o

f

investments , an analysis o
f transit use

is performed in the transit subsystem .

This consists o
f computing transit per

son miles o
f

travel , performing a “ sub
modal " split , and calculating load fac
tors by sub -mode .

A. Transit Person Miles . Transit per
son miles o

f

travel are computed b
y

a
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a

multiplying transit trips by average trip of any data, it is assumed that they
length . When using the first travel sub apply to o

ff peak a
s well , although the

system (which incorporates the States ' model is capable o
f accepting any other

travel projections directly ) single assumed o
r

derived relationships .

average trip length is used , as read in C
.

Calculation o
f

Transit Load Fac
from the urban area data record , for all tors . Based upon the allocation o

f pas
transit trips . The second travel subsys senger miles to each o

f

the two transit
tem ( crude system sensitive adjustment ) sub -modes , the ratio o

f passenger miles
operates in the same way . to available seat miles , b

y

sub -mode is

The third travel subsystem (which calculated and compared to a specified
utilizes the full system sensitive models ) maximum load factor . This is done for
uses average trip length b

y trip pur peak and off peak time periods for both
pose . The home based work trip length sub -modes . If any of the computed load

is derived from the equation for that factors exceed the maximum allowed , a

trip purpose , while the trip lengths from message is printed to that effect and the
the home based non -work and the non model proceeds to the next highest in
home based equations are weighted to vestment alternative without further
obtain a

n average trip length for the consideration o
f

the alternative being

"other " trip category . examined . The only exception to this rule

B
.

Sub -modal Split . The macro mode occurs for the d
o
-nothing alternative .

choice model is b
i
-modal ; i.e. , it distin If , in this case , any maximum load

guishes between basically two modes o
f

factor is exceeded , the model proceeds
travel - private automobile and transit . through the incrementing structure until

In order to determine the allocation o
f

a transit supply level is provided which
transit travel to conventional bus and to accommodates all demands . This supply
rapid transit systems , when the two are level is then adopted a

s

the new do
considered simultaneously , the model nothing alternative .

utilizes a sub -modal split analysis which
was developed from the series o

f

simu
Highway Subsystem .

lations performed to obtain the macro Once the mode split process is com

mode choice model . The sub -mode split pleted for peak and o
ff peak periods ,

curves are shown in Figure 6 for rail highway travel is " reassembled " for the
and bus rapid systems . According to the full day . This involves converting inter
data from which the curves were de nal auto person trips (which are output
veloped , a given share o

f seat miles o
f

from the mode split ) to internal auto
transit supply o

n

bus rapid attracts a vehicle miles o
f travel , estimating truck

greater share o
f the transit market than and external vehicle miles , and applying

that attracted by the same share o
f

seat a factor to transform total vehicle miles
miles o

n
a rail rapid system . o
f

travel to arterial travel ( on freeways

This is perhaps a reflection o
f the and surface arterials ) .

ability o
f

bus rapid systems to perform Whereas the mode split process and

a collection /distribution function a
s well the transit subsystem operate o
n the

a
s provide rapid line haul service . ( In basis o
f

three time periods (peak , off
fact , the rapid bus seat miles include peak , and the “wee hours ” during which
those seat miles which occur during col there is n

o transit service ) , the highway
lection and distribution o

f passengers subsystems is capable o
f dividing the

o
n conventional streets . ) average day into a
s many a
s

2
4 hour

The sub -mode split curves were de
periods . This disparity in the temporal

veloped only for peak periods . For lack
HIGHWAYTRAVELDEMANDELEMENTFIGURE.
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are

stratification of private vehicle and pub- respective proportionate shares of ar
lic transportation travel reflects both terial highway capacity , and the popula

limitations of technical procedures (for tion group in which the urban area
example , it would have been difficult if under consideration lies . The second
not impossible to develop separate mode functional splitter is considerably more
choice models for 2

4 distinct time sophisticated . This functional splitter a
l

periods ) a
s

well a
s

the greater variation locates travel to freeways and surface

in the performance characteristics o
f

arterials based upon relative speeds o
n

private vehicles b
y

hour of the day . That the two types o
f

roads , overall average

is , the characteristics o
f transit opera trip length , average ramp spacing , and

tion (such a
s

load factors , supply levels , the relative supply o
f freeways and sur

speeds , fares , etc. ) can b
e sufficiently face arterials.7

categorized into two time periods (peak The specificaton o
f

which functional
and o

ff peak ) whereas motor vehicle splitter is to be used in a particular a
p

running costs vary considerable more plication is made by the user o
f

the
hour b

y

hour based upon relative speeds program . With daily arterial travel
and levels o

f congestion . Figure 7 shows stratified according to 2
0 time periods ,

the travel element of the highway sub two directions , and two facility types ,

system . the TRANS -Urban model is able to esti
The multimodal TRANS -Urban model mate indicators of highway system per
has adopted a stratification o

f

2
0 time formance for 8
0 individual categories .

periods throughout the day . Data which The system performance element o
f

the
reflect this variation were drawn from highway subsystem is illustrated in Fig

a contract research project performed ure 8
.

In the system performance sub
for TRANS titled 'An Analysis o

f

system systemwide travel to capacity
Urban Travel by Time o

f Day . " 4 ratios are used to arrive a
t

individual
Within each time period travel is a

l

estimates o
f average freeway and sur

located to each o
f

two directions . This face arterial overall travel speed . Also
directional stratificaton recognizes that estimated vehicle running costs ,

while system capacity is usually fairly which vary by speed and facility type ,

evenly split 50/50 b
y

direction within ( and are based o
n speeds ) traveltime

most hours o
f the day , and particularly costs (based upon a specified composite

during peak periods , highway travel is private auto / truck value o
f traveltime

rather unevenly distributed , in a direc per vehicle hour ) and accident costs
tional sense . Thus , for each time period (which vary by facility type ) .1 T

o

these

a directional factor is applied which three basic elements o
f
user costs can

stratifies total arterial travel into two be added pollution costs , b
y

three types
categories , the first accounting for one o

f pollutant , a
t

the specification o
f

the
radial direction and one circumferential user . Total user costs are summed with
direction , and the second accounting for in and across all hour periods , directions ,

the opposite radial and circumferential and facility types , producing a
n estimate

directions . These directional factors were o
f total daily user costs o
n the highway

also provided by the above mentioned system . These costs , along with various
study . performance indicators such a

s peak
Within each hour period and direction hour and daily speeds , and peak hour
the model computes the ratio o

f highway and daily travel to capacity ratios , are
travel to available highway capacity . reported in the output .

The ratio is then compared to specified Transportation Costs
maximum travel to capacity ratios for
each time period . If the latter is ex The TRANS -Urban model incorpo

ceeded , the model attempts to redistrib rates a host o
f

costable criteria in at
ute travel to prior and subsequent hour
periods ( in specified proportions ) having HIGHWAY SYSTEM PERFORMANCE ELEMENT

excess capacity . If all hour periods are

a
t

this maximum level o
f congestion ,

the program prints a
n appropriate mes

sage , and proceeds to the next supply
alternative .

After arterial highway travel has been
distributed b

y

hour and direction the
model allocates travel to the two classes

o
f

arterial facilities -- surface arterials
and freeways . This is accomplished
through the use o

f

one o
f

two alterna
tive “ functional splitters . " The first
functional splitter , simply allocates pro
portionate shares o
f

travel to freeways
and surface arterials based upon their

FIGURLI
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SYSTEM

SYSTEMLOAD

SYSTEMSPEED
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TABLE?

CAPITAL COSTS

HIGHWAYS

• NEWCONSTRUCTION
a) FREEWAYS
D)SURFACEARTERIALS

•RECONSTRUCTION
3)FREEWAYS
DJSURFACEARTERIALS

PUBLIC TRANSPORTATION

•ROLLINGSTOCK
a)CONVENTIONALBUS
DJRAPIDVEHICLES
•GUIDEWAYSFORRAPIDSYSTEMS

•STATIONSANDTERMINALS
FORRAPIDSYSTEMS

• YARDSANDSHOPS

tempting to evaluate the consequences
of each transportation investment alter
native . These criteria include not only
those which are readily amenable to
treatment in dollar terms such as user
costs and construction costs but also
those factors which are normally some
what difficult to measure in terms of
costs . The latter include such items as
pollution costs , cost of a fatality , and
costs of dislocations and disruptions in
excess of direct right -of -way costs .
These factors are usually incorporated
in the analyses through sensitivity tests ,
since costs associated with them are
either subjective or difficult to identify .
By treating them as policy variables ,
however , the model is capable of indicat
ing the effect on an overall optimum
solution of assigning any of range of
possible dollar values .
A. User Costs . The treatment of user
costs in the multimodal version of the
TRANS -Urban model was discussed pre
viously . In essence , user costs consist of
those items listed in the table 1 for tran
sit and highways.
B. Direct Capital Costs of Transporta
tion Supply . The direct capital costs of
providing transportation capacity for
any particular investment alternative is ,
in fact, determined by the investment
level under which the alternative is being
considered . Within each investment level ,
and for each mix (or allocation ) of this
investment among freeways , surface
arterials , conventional bus transit, and
rapid transit , unit costs are applied to
determine the amount of supply pur
chased . These cost parameters are shown
in Table 2. Costs of private vehicles
were not explicitly included nce no
data could be found which indicated the
variation in vehicle ownership with
transportation system service . By impli
cation, therefore , ownership of private
vehicle is assumed not to vary among
transportation supply alternatives . The
model , of course , can be readily updated
to include these costs if the necessary
relationships become available .
C. Non -Capital Costs of Transporta
tion Supply . Costs associated with the

operation of the transportation system
are included in the analysis . However ,
they are not a part of the investment
level of each supply alternative , as are
the capital costs. Thus, the investment
level covers only capital costs , while op
erating expenses are derived costs based
upon the level of supply . The non -capital
costs of transportation supply include
maintenance costs for the highway sys
tem , and operating and maintenance
costs for both conventional and rapid
types of transit systems .
D. Indirect Costs . As stated earlier ,
the model is capable of including costs
which are normally considered to be
" external;" i.e. , they are not strictly
user costs , nor are they a part of the
capital costs of providing system capac
ity . These consist of ( 1) cost of fatalities
which exceed directly measurable costs
( hospital and funeral expenses , etc. ) ,
( 2 ) costs of dislocation of households
and businesses in excess of fair market
payments included in right -of -way costs ,
and ( 3 ) air pollution costs by individual
pollutant . When included these costs are
directly incorporated in the economic
evaluation process .
Evaluation Process
The approach to evaluation in the mul .
timodal version of the TRANS -Urban
model is to identify an optimum invest
ment level , and mix of investments
among modes, subject to meeting certain
predetermined constraints. The opti
mum investment strategy is determined
on the basis of economic efficiency con
siderations , with comparisons among
alternatives made in terms of dollar
costs and savings . The use of constraints
enables the explicit incorporation of
evaluation criteria which are not suit
ably expressed in dollar terms . Thus , if
an alternative succeeds in terms of the
economic based criteria , but fails any
of the constraints which are imposed , it
is rejected as a possibility for optimal
ity .
A. Economic Evaluation . The economic
evaluation process developed for TRANS
utilizes a " net value " approach . The net
value concept is based upon the concept

that a transportation investment is
worthwhile if the value derived from
such an investment is in excess of the

TABLET

USER RELATED COSTS

PRIVATE VEHICLE

TRAVELTIMECOSTS
VEHICLERUNNINGCOSTS
ACCIDENTCOSTS
PARKINGCOSTS
GASTAX"

PUBLICTRANSPORTATION

TRAVELTIMECOSTS
FARE

*INCLUDEDONLYINCALCULATIONSOF" TOTALVALUEINDICATOR"
**DESCRIBEDINSECTIONIX, BUTNOTINTOTALTRANSPORTATION
COSTCALCULATIONS
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HIGUREN

ILLUSTRATION OF TOTALVALVE INDICATOR
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costs associated with it . Thus : Net
Value Total Transportation Cost .

Under this approach , the optimum
transportation investment is achieved
when the net value is maximized . At this
point , a marginal investment exceeds the
marginal gain in net value , and the a

d

ditional cost is not justified .

In applying the net value approach ,

the assumption is made that the value o
f

a commodity o
r service ( in this case ,

transportation ) is indicated by the price
consumers are willing to pay to acquire

it . Thus , if an individual is just willing

to pay x dollars and n
omore , to be able

to take a trip , it is fair to say that the
value o

f the trip to him in monetary
terms is x dollars .

This concept may b
e illustrated furth

e
r by referring to the transportation d
e

mand curve shown in Figure 9
. Here it

is shown that the number o
f trips is re

lated to the perceived price per trip ;

i.e. , the higher the price the fewer the
trips and the lower the price the more
trips are consumed . Thus , if price is

established a
t

P
2 , the resulting demand

in terms o
f

number o
f trips is D
z
. The

total value of the D , trips occurring a
t

the P
1 price is equal to the areas A

plus B
.

The traveller who is just willing

to pay price P , and no more values his
trip a

t

P
z . In a sense , he receives zero

net value since the price he perceives
paying is capturing all o

f the value he
ascribes to the trip . All those tripmakers
who are to the left o

f
D , on the demand

curve are in fact paying less than they
would b

e willing to pay . The difference
between what the entire group o

f travel

1

FIGURE

TRANSPORTATION DEMAND CURVE

lers is willing to pay and what they
actually d

o pay is shown b
y

area ,

alone and is known as consumer's sur
plus .
With most travel demand functions it

is impossible to define the entire con
sumer surplus area since it is rarely
determined where the demand curve in

tersects the " price " axis . Under the
TRANS analysis , the investment alter
native which involves the highest price
per trip is the d

o -nothing alternative
which leads to high traveltime and o

p

erating costs . Thus , as shown in Figure

1
0 there will always be a
n

area o
f

con
sumer surplus which cannot be defined

(area A
1
) . However , this area o
f

con

sumer surplus , A1 , will be common to all
alternatives . It can therefore be ignored .

Thus , while under the d
o -nothing alter

native (with price P , and demand D
. , )

total value is actually A , + A , + B. ,

is used . Under the alternative which
yields price P , and demand Dų , the total
value equal to A , + A , + Ag + B +

B , becomes A , + Ag + B + B2 . The
gain in total value going from alterna
tive 2 ( the d

o -nothing alternative ) to

alternative 1 is equal to Ag + B
2 . The

surrogate for total value (which equals
total value minus area Aj ) is called the
total value indicator .

The price per trip used to estimate the
total value indicator is equal to user
costs plus other costs borne b

y

the user
which are not included as user costs ,

such a
s gas tax and fare . (Gas tax and

fare are normally not included a
s

user
costs since it would involve double count
ing o

f transportation costs and rev
enues . ) The model begins b

y

estimating
the total value indicator under the d

o

nothing alternative , adding and subtract
ing net changes in this indicator as sub
sequent alternatives are examined to

CONSUMER SURPLUS

P
R
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E
P
E
R
T
R
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B
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NUMBER O
F
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arrive at total value indicators for each
alternative investment level .
As indicated earlier , the economic
evaluation considers the difference be
tween total value and total transporta
tion cost . The total value indicator , as
just explained , is a surrogate for the
sum of the prices which a

ll travellers
are willing to pay . Total transportation
cost is defined as the sum of all costs
associated with the provision o

f

trans
portation improvements - capital , operat
ing , and user costs .

The net value indicator upon which
the economic evaluation is based is the
difference between the total value indi
cator and the total transportation cost

In the computer program this indicator
has been normalized such that it is set
equal to zero a

t

the d
o -nothing alterna

tive . As a result , any net value indicator
which is positive is superior to the do
nothing alternative while those alterna
tives with negative indicators are not

a
s good . The economic optimum is that

alternative which maximizes the net
value indictor .

B. Consideration o
f

Constraints . The
effects o

f impacts which are not strictly
costable in the selection o

f

alternatives
are accounted for b

y applying con
straints . Thus any alternative which vio
lates one o

r more o
f

these constraints

is n
o longer considered . Impact measures

which can be constrained include air
pollution concentrations , b

y

each o
f

three
types o

f pollutants , fatalities , disloca
tions o

f

residences and businesses , and
land consumption .

Application o
f the Model

For the 1972 National Transportation
Study , the multimodal TRANS model
system was utilized to evaluate the e

f

fects of alternative allocations of urban
transportation funding . In these analy
ses , the economic evaluation portion o

f

the model and the system sensitive
travel forecasting option were not util
ized .

A. Limitations o
f Analytical Ap

proach . The TRANS analytical approach

is reasonably comprehensive , includes
many o

f

the relevant factors for such

a
n analysis , and permits the analysis o
f

a large number o
f

alternatives quickly .

Any analytical approach , however , re
quires simplification and exclusion o

f

some factors to make the analysis task
manageable . These simplifications should

b
e

considered in interpreting the results

o
f

the analysis .

First , in this analytical approach , each
urban area was treated as a single
analysis unit . For the most part , there
fore , the results are areawide averages .

attempt was made to determi how

the results would vary within urban
areas .

Second , the analysis was performed
nationwide , and the results are most
valid for the Nation as a whole o

r

for
groups o

f

urban areas . Third , several
factors were held constant over the
analysis period , 1968-90 , to maintain
comparability o

f results and because o
f

the difficulty in forecasting changes .

These factors include parking rates ,

transit fares , ai
r

pollution emission
rates , and fatality rates . All o

f

these
factors would probably change over the

2
2
-year analysis period .

Fourth , several factors were held con
stant between the various alternatives
tested . In particular , the total number

o
f trips in each urban area was not

varied . As the level of funds and the
supply o

f transportation increase , an in

crease in the number o
f trips could be

expected .

Changes in any o
f

these factors would
affect the results o

f

the analysis and ,

thereby ,may change the conclusions that
are reached .

B
.

Alternative Programs . Twelve a
l

ternative programs were analyzed in

order to provide a broad spectrum for
comparison . These programs were
pressed b

y

both a total dollar level and

a percentage split o
f

funds among the
four major types o

f transportation facil
ities : freeway , surface arterials , rapid
transit (both by rail and bus ) , and
conventional bus . The analysis was con
ducted only for the 63 urbanized areas
that will have a 1990 population o

f
500 ,

000 o
r greater — those in which there

would be major tradeoffs between high
way and transit .

Three program levels were analyzed

for the 2
2 -year period 1968-90 , $ 4
5 bil

lion , $ 135 billion , and $ 225 billion . For
each program level , four allocations o
f

funds among the four major types o
f

transportation facilities were specified a
s

follows ( see Table 3 ) :

Needs alternative : the percentage split

o
f

funds inherent in the needs estimate
returned b

y

the States and urbanized
areas .

High highway alternative : half o
f

the
percent allocation o

f

funds for public

ex

TABLE)

ALLOCATION O
F

FUNDS FOR ALTERNATIVE

FOUR TRANSPORTATIONFACILITY TYPES

PERCENTO
F

FUNDS
ALTERNATNE

FREEWAYS ARTERIALSRAPIOTRANSITCONVENTIONALBUS

NEEDS 3
2 2
8

3

MIGNMISMWAY 4
7

3
0

1
3

2

NIGNTRAISIT 1
9

1
6 5
5

9

RD TRANSIT 24 2
2 51 3

AVTUCEERCE VEDAIDALOARCASOVER500,000ORLANOand
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HIGUAL1

PERCENT CHANGE IN MILES OF FREEWAY FOR

ALTERNATIVE TRANSPORTATION PROGRAMS, 1968-90.
170

150

130 wollen

110

90

70

50

30

times over 22 years for transit . As the
level of funding increases , the speeds
and travel times would improve the re
sult of additional facilities being provid
ed at the higher funding levels .
For automobiles , peak travel speeds
would improve slightly under two alter
natives , needs and high highway by 2
and 7 percent , respectively ,at the $ 225
billion funding level. There would be
small decreases in peak automobile
speeds at the $135 billion funding levels
of 7 percent for the needs alternative ,
and 4 percent for the high highway
alternative. The most severe drop in
automobile peak speeds would occur
under the high transit and rapid transit
alternatives for the lowest funding
levels .

For transit , decreases in peak travel
times would result for only three alter
natives ; 0.2 percent for the high transit
alternative at $135 billion , 15 percent
for the high transit alternative at $225
billion and 10 percent for the rapid
transit alternative at $225 billion . All
other alternatives would result in an in
crease in transit travel times .

D. Modal Split Results . The percent
of transit trips of all trips , termed ,
“modal split , " would increase over 1968
conditions for all alternatives , for both

10

NEEDS MIGNHIGHWAYHIGHTRANSITRAPIDTRANSIT
ALTERNATNEALTERNATIVEALTERNATIVEALTERNATNE

ALTERNATIVETRANSPORTATIONPROGRAMS

transportation reallocated to highways .
High transit alternative : half of the
percent allocation of funds for highways
reallocated to public transportation .
Rapid transit alternative : 100 -percent
increase in the allocation of funds to
rapid transit (bus and rail ) .
The different program levels and fund
ing allocations resulted in substantially
different amounts of facilities. Figures
11 and 12 show the percent change in
freeways and rapid transit facilities be
tween 1968 and 1990 for the 12 alterna
tives . The increase in freeway miles is
greatest under the high highway alter
native , which halved the transit alloca
tion and placed it on highways , ranging
from 38 to 164 percent .The increase in
freeways is lowest under the high tran
sit alternative, ranging from 14 to 69
percent . For rapid transit facilities , the
largest increase occurred for high tran
sit alternative , which halved the high
way allocation and placed it on transit ,
ranging from 412 to 2,056 percent .
C. Speed and Travel Time Results.
Figures 13a & 13b display the percent
change in areawide peak travel speeds
over 22 years for automobiles and the
percent change in area wide peak travel

PERCENTCHANGEIN PEAK AUTOMOBILESPEEDS
FOR ALTERNATIVETRANSPORTATIONPROGRAMS, 1968-90
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FIGURE14. FIGURE16

PERCENT CHANGE IN DAILY MODAL SPLITS FOR

ALTERNATIVE TRANSPORTATION PROGRAMS, 1968-90
PERCENTCHANGEIN THENUMBEROF DAILY TRANSITTRIPS

FORALTERNATIVETRANSPORTATIONPROGRAMS, 1968-90.
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gram levels . This increase results from
two factors . First , with large amounts o

f

money reallocated from highways to

transit , a smaller amount o
f freeways

can b
e

constructed . As a result , a higher
proportion o

f highway travel takes place
o
n arterial streets rather than freeways .

Since arterial streets have a higher
fatality rate than freeways , highway
fatalities increase .

Second , the fatality rate o
n transit is

constant over the period 1968 to 1990

(as it is for highways ) and is related

to the amount o
f transit service pro

vided . As the amount of transit service

1
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CHANGE IN THE NUMBER O
F

RESIDENTIALDISLOCATIONS
FOR ALTERNATIVETRANSPORTATIONPROGRAMS, 1968-90.
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daily and peak travel (Figures 14a &

14b ) . The increases would b
e

more dra
matic for high transit alternative ; daily
modal split would increase 2

8

to 7
1 per

cent and peak modal split would increase

3
8 to 112 percent . Large increases would

occur for the rapid transit alternative
also , in particular at the $ 135 billion and

$ 225 billion funding levels . Figure 1
5

shows the percent change in the number

o
f daily transit trips . These would in

crease from a low o
f

7
9 percent under

the high highway alternative a
t

$ 225
billion to 174 percent under the high
transit alternative a

t
$ 225 billion . For

comparison , total person trips over this
same 2

2 -year period would increase 62
percent .

E. Dislocations . The number of resi .

dential and business dislocations that
would result from the 12 alternatives are
shown in Figures 16 and 17. The number

o
f dislocations is related directly to the

level of funding . As the new facilities
increase , so does the number o

f

disloca
tions . The increases would b

e greatest
under the high highway alternative fol
lowed b

y

the needs and rapid transit
alternatives .

F. Fatalities . Under all 1
2 alterna

tives , there are increases in annual fa
talities ( see Figure 1

8
) . The largest in

crease in annual fatalities occurs under
the high transit alternatives for all pro

CHANGE IN THENUMBER O
F

BUSINESS DISLOCATIONS

FOR ALTERNATIVETRANSPORTATIONPROGRAMS, 1968-90.
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PERCENT CHANGE IN ANNUAL FATALITIES FOR

ALTERNATIVE TRANSPORTATION PROGRAMS, 1968-90.
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increases , the transit fatalities increase .
The percent increase in fatalities is
lower , however , for the higher funded
programs due to the increased construc
tion of freeways and rapid transit , which
have lower fatality rates than arterials
and conventional bus .

G
.

Land Consumed . Figure 1
9 shows

the amount o
f

land in square miles taken

to construct transportation facilities
under the 12 alternatives . It is clear that
the amount o

f

land taken increases a
s

the
level o

f funding increases . The high
highway alternative would consume the
most land , followed b

y

the needs and
rapid transit alternatives . The amount

o
f land consumed is related to the miles

o
f freeways , arterials , and rapid transit

facilities constructed . By comparing
Figure 1

9 with Figures 1
1and 1
2 , it can

be seen that the amount o
f

land taken is

affected to a greater degree by the miles

o
f freeway than the miles o
f rapid

transit constructed .

H
.

Air pollution . Figures 2
0 , 2
1 and 2
2

show the percent change in the daily
tons o

f

three types of air pollutants :

carbon monoxide (CO ) , nitrogen oxides

(NOx ) , and hydrocarbons (HC ) . Current
air pollution emission rates and controls
were used throughout the analysis to
maintain comparability o

f

the results

from 1968 to 1990. The differences in air
pollution among alternatives and fund
ing levels would b

e small areawide . The
Co and HC levels would decrease slight

ly with increased funding levels . This
decrease is the result of higher speeds on

the transportation system that occur
when more money is invested . The NO
levels would increase with the increasing
automobile travel and increasing propor
tions of_automobile travel on arterial
streets . They would b

e highest for the
high highway alternatives for a

ll

fund
ing levels , which would have the largest
amount o

f

automobile travel .

The high transit and rapid transit
alternatives would result in higher CO
and HC levels due to lower speeds and
increased starting , stopping , and acceler
ating on the highway system a

s
a result

o
f

less money being spent o
n highway

facilities .

It should b
e remembered that trans

portation is only one contributor to air
pollution . A more sophisticated analysis

is required , therefore , to determine the
effect o

f alternative transportation fund
ing levels and program composition o
n

overall air pollution levels . Further , it

was beyond the scope o
f

this analysis

to determine the various losses that
FIGURI2

1

FIGUAL PERCENTCHANGE IN DAILY TONS O
F

NITROGENOXIDES
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frequent lack o
f uniformity in interpre

PERCENT CHANGE IN DAILY TONS O
F

HYDROCARBONS tation and application o
f

purported uni
FOR ALTERNATIVE TRANSPORTATIONPROGRAMS, 1968-90. form standards by the thousands of in

dividuals involved in conducting such aOOD national study .

The 1972 studies conducted b
y

the De
partment o

f Transportation have shown
that what the field studies lack in terms

o
f breadth o
f

alternatives and speed o
f

analyses can b
e provided b
y

national
level policy planning tools such TRANS
Urban . The TRANS effort was not in
tended , nor was it used , to supplant
the local inputs from States and urban
areas , which could only have come from
some form o

f

field study . The role o
f

TRANS -type procedures then becomes
one o

f examining the implications o
f
a

would result a
t

different a
ir pollution much wider range o
f alternatives ( some

levels . o
f

them perhaps extreme ) and analyzing
effects o

f

changing assumptions and proSummary and Applications jections , in order to broaden the per
The purpose o

f

the multimodal version spective o
f transportation policy plan

o
f the TRANS -Urban model system is to ning beyond what might otherwise have

afford a
n insight , at the national level been possible .

policy planning scale , into the conse The second application o
f

the TRANS
quences o

f

alternative levels and distri Urban approach is to major sub -areas
butions of future transportation resource within metropolitan areas . The relative
allocations . As described in this paper , ease o

f

application o
f

the TRANS ap
the model is capable o

f treating the two proach compared with the more time
principal modes o

f

urban transportation , consuming and costly network approach
transit and highways , with transit char offers the possibility o

f using a
n aggre

acterized in terms o
f conventional bus gate model for sketch planning studies

and rapid transit , and highways in terms which can supplement the more detailed

o
f freeways and surface arterials . network oriented techniques . A similarAnalyses can b
e made to either derive process has , in fact , been developed and

optimum future levels and mixes among applied in both the New York and Wash
the four submodes for each urban area , ington , D.C. , regional transportation

o
r evaluate the impacts o
f specific in planning programs.8,9 While certain con

vestment strategies . The efficiency o
f

the ceptual problems remain ( such a
s

the
model system a

t

it
s current state o
f
d
e

degree o
f

interaction o
f travel demand

velopment lies not in it
s application to and system supply among subareas ) , the

any unique , individual urban situation , fact that a similar approach has found
but rather in its ability to treat many application and acceptability , despite it

s

urban regions simultaneously in assess limitations to only the highway mode ,

ing national program alternatives . indicates that some effort to develop a

There are two major applications to multimodal TRANS -Urban model for
which the multimodal version of the local applications may b

e warranted .

TRANS -Urban model can b
e directed . Finally , it should b
e stressed that the

The first application o
f model system is macro -level analyses typified b
y

the
its continuing use , and improvement a

s

TRANS approach can in n
o way substi

warranted , for national transportation tute for the more detailed planning tools
planning studies and analyses . Experi- which support specific plans and project
ence with the 1972 National Transporta level recommendations . The TRANS ap
tion Studies has demonstrated the useful proach arose from the recognition that
role which such policy planning tools can the level o

f analytical effort must be
play . While they may not b

e

a
n

ade commensurate with the magnitude , level
quate substitute for collecting detailed o

f aggregation , and complexity o
f

the
information from local levels of govern problem to b

e tackled . TRANS -Urban is

ment concerning future transportation a technique which can respond to the
plans and needs , it is clear that detailed need for a wide range o

f planning in

" field oriented ” studies are extremely formation for transportation resource
limited in terms o

f
( 1 ) the degree o
f

allocation .

local effort which can b
e expected in

support o
f

a national policy planning REFERENCES
effort , ( 2 ) the number o

f

future trans 1 Kassoff , H. , and Gendell , D. S
. , An Approach

portation alternatives which can b
e

con

o
f Multiregional Urban Transportation Policy

Planning , Highway Research Board Record No.
sidered by each jurisdiction , and ( 3 ) the 348, 1971.
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FOOTNOTES
1 These relationships as well as the family
of macro - level mode choice curves are presented
in reference 5.
2 These running costs are not exactly the same
as those used in the economic analysis of total
travel costs. For example, since the mode split
analysis attempts to replicate behavior, a measure
of perceived vehicle running costs is used, whereas
in the economic analysis estimated actual costs
are included .
3 The urbanized areas that specified rail transit
in the needs returns from the States and urban
areas as part of the 1972National Transportation
Study were assumed to have rail rapid transit in
these analyses . All others were assumed to have
bus rapid transit , where there were funds al
located to rapid transit .
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