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This paper is one of a series describing a multidisciplinary
IIASA research program con Integrated Energy System Modelling
and Policy Analysis. The initial phase of this research program
is focused on the energy systems of three regions: the State of
Wisconsin in the U.S.A.; the German Democratic Republic; and
the Rhéne-Alpes Region in France. The primary purposes of the
study are at least three-fold:

(1) To identify existing patterns of regional energy use

and supply at appropriate levels of disaggregation.

(2) To compare alternative methodologies for regional

energy forecasting, planning, and policy development.

(3) To use the above methodologies to examine alternate

energy policy strategies for each of the regions, to

explore their implications from various perspectives-
using sets of indicators related to environmental
impacts, energy use efficiency, etc., and to evaluate
the adequacy of the alternative methodologies as
policy todis.

Out of these above three items should evolve improved
methodologies for energy systems research and policy analysis.
The comparative method, intersecting the different disciplines
ahd nations which would be involved in this project, should
serve as a powerful tool to the mutual benefit to the partici-
pating nations as well as to other countries facing similar
enexgy problems. It cculd alsc serve as a prototype for Similir
studies on other resources such as materials, water, air,;, i.e.
as a vehicle for development of an approach for improved resource

management.

W.K. Foell
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Transportation Ifodelina in the

CompAarative Fneray Stuiv

J. 1. Ricinlow
June 10. 1975

The purvose of modeling travwsnortaticen in this studv is to
help ansver the foliowinc muestions. ‘'That are the rotentials in
the different stndy reaions for reducina the amonnt of enerav used
for transportation? "™Mat maasnres vill accomplish these enerav
Saving:n? "That will ve the ancililarv hene€its (2.a. redncerd
emissions cf air pollutants, reduced rcad traffic accidentes) and
costs (e.g. inrcreased travel times, redncz2d ~ccess tn jehis) of

the rolicies™

T will doal :soeparatelw with “reiaht transport and transworta-
tion of people. I vill corsider frniaqht transport to he a de-
rived quantitv - that is, how much freisht is shipned how far
depends or how ruch is produced, Therefore, 1 will relate freight

transmoxt to other ' 23asures of ~conomic Activity,

1 will Aivide the transnortatinn of people into vork-related,
and other trips. 25 with freicht trarssnrt, T will consider wort-
related parson txins <o re a da<ived aunantitvy, Lifferaent forma
of econoric activity vill qoenerate $oh3, 1nd cach Gob will re-

quire some nunher of daily weetl trins,



Other person trina will he very difficult to predict. »21l-
thouah they are relate¢ to other economic activity, ard to the
population and income of a region, thev depend also upnn a myriad
factors that we cannrot howne to predict. These are factors such
as the price of gasoline, the availability of parking, the
distribution, availabilitv and price of recreational facilities,
and so forth. 0Mnce choice of a mode of travel, cither for a work
trip or a non-work trip, is similarlv a function of an enourmous
numbher of variabhlias. This narer will, therefore, consicder these

cuantities to he exnaenouslv sunplied.

Notaticn

I have tried tn he notationally ~onsistent throughout this
paper, even thoun it has resulted in a complex notation, using
hoth subscrivts and surerscripts. !Uowever, cach time & particular
letter eppear=s as a subscript, it will mean the sarme thinea,
Similarly, each occurrance of a letter as a supersnrint will ~ean
the sarme thina,

Su:scrirts £+at I have used are:

X

industrial or commercial catagory
n = mode of travel (e.c. auto, hus, aimane)
s = spezics of ,nllatant (e.q. CO, WOX, S0,)

t = tyre of fu2l ({e.7. Jdiestl fuel, varoline, Dydregen,



In aldition, the subscript 'c' is used to devote a class
of autos, for example all small gasoline-burning autos manufactured
in 1272,

Superscripts that T have used are:

f = freigut transport

person transport

jgo]
It

n = person transport for non-worl: related purposes

w = person transport for vork related purnoses

Quantitices to which subscrints ard superscripts mav be attached

are the intensive quantities:

¢ = fuel use per unit transnort

1

- = pollutant emissions per unit transport
p = unit traasport per unit induntrial or commercial activity

and the extensive ~uantities:

tg

= ynits of fucl used

U
!

S = units of transport uased

o
li

units of pollutant emitted

These aryxe the quantities that aprear bhoth in the freiaght
transport and the person transpnrt modcls. nNther quantities,
which occur onlv in the perscn trapsport model, v7ill he intro-

duced when that model is discussed.

I use this notation as follows. A quantity is mndificd bv its
subscripts and superscripts, just as a sentence is modified hy

the inclusion of adjectives and adverbs. For example, I will
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speak of "the use of fuel of type t per unit freicht transport
by mode m". Here T have modified the basic quantity 4, fuel use
per unit transport, by a fuel type t, a mode of transport m, and
I have specified freiadht rather than person transport. Thus the
quantity is devoted by ¢£m‘ Similarlv, the amount of vrollutant

of species s emitted »y person “ransport is PE.

Freight Transport

T™e freight transmort model will deal with freight transport
modes chosen from amonag those in Table I. TFor each mode I will
list the amount of fuel used of each tvpe t to move a ton of
freight one kilometer. Let this fuel intensiveness of mode m for

~ £

fuel type t be ¢ Then, if Sﬁ is the number of ton-kilometers

tm*

transported by mode m, we can calculate the total use of fuel

of type t for freight transport as:

£ £
Fy = ) ®tm m )
The superscript f denotes "freight"; this is in contiradistinction

to personal transportation, denoted by the sunerscript n.

Tahle I

Possiblc Freight Transport Modes

Truck Aircraft
Train Pipeline
River Rarge Open Aqueduct

Ocean Ship



mhis doesn't restrict one to calculating only fuel use
Fov exarnle, to calculate enissions of NO_, one
simply provides the amount of NOx emitted by evach mode m per
ton-kilometer transported. Thus let e;m be the amount of pollutant

s emitted per ton-kilometer of freight transported by mode m.

Then,

£« £ _F
Ps - 2 €sm gm
m

(2)

an equation which one notes is of precisely the same form as

equation (7).

I will deal separatelv with three different kinds of freiaht
shipments. The simplest is the through-shipment, whose oriain
and destination both lie outside the reqion. I propose to
make the ton-kilometers of through-freight shipped by each mode
an exogenous variable, say Smf(l) These quantities Qill affect
regional fuel use, emissions, and employment, but thev will not

themselves he affected by intraregional activity.

Goods which are shipped from points within the region to
destination outside, or goods shipped from outside origins to
inside destinations, should bhe treated in more detail, T would
like to relate these inter-reagional ton-kilometers to the in-
dustrial and commercial activity in the region. Further, I
would like to separate these ton-kilometers into those which

occur within the region and those which occur outside.



Thus I define for each industrial or cormercial catagorv k,
the number of inter-reaional ton-kilometers generated per unit of
activity on each mode m, hoth inside the reaion, uik(?), and
outside the reqgion, ”;k(3)' Let the activity of cateaurv k he
ay, » measured in sﬁme convenient units such as value added (dcllar)
emplovment, or sales. Theﬁ inter-regional ton-kilometers shipped

by mode m is:

Sn(2) = % ”me) a,
< (3)
f £
L Sm @) = 2 um]g‘) N

iere, the arqgument 2 refers to that fraction of external shipment
which occurs inside the region, and the argument 3 to the fraction
occurring outside. We are of course primarily interecsted in
transport that occurs within the region - that is, 82(2) ig nf
greater intercst than 82(3) - but we should nevertheless cal-

culate the extra-region impacts of intra-reagional activities,

£
ore of which is S&(3).

The third kind of freight transport is that which occurs
entirely within the region. That is, both origin and destina-
tion are inside the region. These shipments should be treated

in essentially the same ways as shipments of the second categnrv.

Thus, for each industrial or commercial cateaorv 'k', we

define the number of intra-rcgional ton-kilometers on each mode



'm' generated by activity in that category. ©Let this facter bhe
uik(Q). Again we let a be the activity of cateqory k. Then

intra-regional ton-kilometers shipped by mode m is:

{ )y = b}

S, (M ]Z< o (1) ay (4)
The argument 4 refers to internal . shipment.

The reader will reéall that inmeauﬁtions'(1) and (2), the
factors Sg appear. What is this factor, and how is it related
to the quantities Si(i) calculated in equations (3) and (4)°?
The answer is that hv using different definitions for Sﬁ in
terms of the quantities Si(i), we calculate different things.
Thus:

e If we wish to find fuel use and pollutant emissions
due to freight shipments completely internal to the

£

region, let Sm = sﬁ(u) in equations (1) and (2).

e Tf we wish to find fuel use and pollutant emissions that

occur due to all movement of freight happenina in the

£

“(8) in eanations (1) and

. £ £ £
= 1 -+ D EX
region, let S S (1) + s (-).an

e Tf we want to calculate fuel use and pollutant emissions
that occur outside the region but are related to interr.al
activity (but not necessarily unrelated to activity out-

gide the region), let S: = S£(3) in equations (1) and (2).

(2)



If we wish to know total fusl use and pollutant emissions
related to activity within the reaion,let Sz = ﬂé (?2) +
Si (3) + Sg (4) in equations (1) and (2).

I'nlize inter-reaional shipment, we cannot count ton-kilometers
gcnerated Ly an activity to incluie all shiprments hoth from the
cateqory to others, and from other cateqgories to the*t one. To
do so would cause us to count each ton-lLilometer twice. T re-
commend that we count as “qenerated by an activity" only the
ton-kilometers shipped from that cateaorv to other cateaories.
Thus we would ascrihn to the cement industrv the tons and ton-
kilometers of cement that are shipped, steel to steel industrv,
and so on, rather than ascribing cement shirments to customers of
the cement industrv. Wote, however, that both incomina and out-
going inter-reqional shipments are ascrihed to industrial or
commercial cateqory within the rerion, hecause - since we do not
consider explicitly ertra-reqgional industry - this will not in-

volve douhle counting.

Data Required for the Freight Transport Model

Our data needs for the freight transport model are straight-
forward. "e need data from vhich to derive the fuel intensiveness
¢£m and emission factors Egm (see eduations (1) and (2), and
the transit usage factors by mode and industry,/¢§k(i) i =2,3,

or 4 (see equations (3) and (4),



Fuel intensiveness factors should be readily available.
If they are not rcported directly, it is likely that total fuel
used annually by a mode for freight transport will be reported,
as well as annual ton-kilometers transported. The ratio is the

desired fuel intensiveness.

Fmission factors should also bhe casily ohtainahle. The
Environmental Protection Agency (EP2Z) has measured emissions from
a wide variety of power plants under various load conditions using
many different fuels. Choosing appropriate I'PA figqures for the

modes we consider should predent few Adifficulties.

(] ] (] . f . 3
I anticipate that fuel intensiveness ¢tm and emission factors
£

€om should be similar in all study reqgions. These factors de-
pend largely upon the technolouy used for transportation, which
should not differ markedly hetween regions. This is not to sav,
of course, that the different regions use different freight
transport modes in the same proportions. This is only to say
that to ship one ton of freight one kilometer by a particular

mode will use the same arount of fuel, and produce the same

emissions, in all revions.

Transport usaqe factors ry mode and industrv - the aquantities
£

my(i), i=2,3 orf, will certainlyv Adjiffer #“ryom one rcgion to
2

L
ancther. TFor example, for every “1000 of value added, the Wisconsin
paper-pulp industrv might use 39 ton-liilormeter of truck transport

and 10 ton-kilometer of barage transport, while the same industry
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in RLbéne -Alps nmicght ugse 20 ton-kilometer of baran transnort

and 20 ton-kilomecter of rail transport.

Tn addition, sources for this information will differ from
reqgion %*o region. From the DDR, for example, reference [1] aives
data on the tons and ton-kilometers of dAifferent nroducts trans-
ported bv various different modas, T£ we rcan qget data on tons
of product per uni* activitv for *hese industries, +*hen we can
derive the ficures of *he tnon-l-ilometer per unit activitv in
the nhvions war, ‘Th2ther there are data that will vield inter-

regional factors seraratelv for the DDR I have not vot determined.

I'or Wisconsin, these factors will come larocely from an
input-output matrix that is being sent to us. This will supply
the units of transport used for each unit of economic activity
by economic category. 'Thether tiuc categories used in the
Wisconsin LCnerqv Model [2], and whetlhier =~ransnortation use is
broiien dewn by mode, we 7 not yet know. These uncertain points

may lLecome real problems as thev cease te he un nown,

I have not yet discovered the most likelv sources of the

transport usage factor::i for Théne Alps.

Model of Personal Tranhsportation

Transportation of peowndr: is conceptually rmuch the sane

as freight transport. I will, hovever, deal separately with
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inter-urban and intra-urban trips. Tabhle II shows the modes
I will consider for inter-urban trips, and Table ITT rodes for
intra-urban trips. 7ITn Tahle II, 'Bus' refers to inter-city hus
trawvwel such as that provided by the CGrevhound Conypany in the
United States. 1In Tabhle TII1, '"Train' refers to a mass-transit
mode using an exclusive quideway, as opposed to 'local Bus',

which shares its quideway (the road) with another mocde (private

auto),.

Tahle II

Modes for Inter-Urban Person Trips

Auto Train Boat
' Bus Aircraft
Table IIIX

Modes for Intra-Wrban Person Trips

Auto
Local Rus

Train

As with freight transport, I let the amount of fuel of
tvpe t used by mode m per unit of transportation he the fuel

intensiveness factor ¢€m' Similarly, I 1let the emissions of
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3

species 8 hy mode m per unit transportation he g m Then, if

14

Sg is the numbher of units of personal transportation on mode
m, one calculates (analagous to equations (1) and (2) the fuel

use and pollutant emissions due %o person transport as:

P .7 P &P
+ m tm m
P P P 63

Although the unit of freight transport was ton-kilometers-i.e.
an amount of freight shipped a given distance, for rerson trans-

port we will use the unit vehicle-kilometers. The rcason for

this is that passenader vehicles will tvpicallv usc the same

amount of fuel and emit the same amount of mnllution reaardless

of the number of passenaers thev happen to he carryina., For
example, whether an auto has only a driver or a driver and four
passengers, it will still use - to pick a typical fiaqure - 12
liters of gasoline to go 100 kilometers. Thus if we can choose
person-kilometers as our unit, the fuel intensiveness and emi-
ssion factors would depend heavilv on the vehicle occunancies,
which I expect for a varietv of reasons not to remair even arnroxi-
mately constant., On the other hand, choosina vehicle-kilometers

as the unit permits the factors ¢zm and Eizm to remain constant.

Data on fuel consumption and emissions of different modes

of transmortation should he availahle from TPA,
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The Auto: A Special Case

Auto is a very special mode of travel. Tt accounts for
very large proportions of the fuel used for personal transporta-
tion, and of the emissions due to such transportation. Also,
autos come in different sizes and ages, each with different fuel
intensiveness and emission factors. 1Indeed, autos built in the
future may have enourmouslv different factors - for example,
electric autos emit virtually no pollutants and consume (directly)

no petroleum.

Thus, I. will partition the inventory of autos into classes,
certainly by age, and probably by size as well. FEach class c
will have its own fuel intensiveness factors ¢tc and its own
emission factors €ge®

To compute energy use and emissions for auto, I shall
partition the vehicle kilometers among autos in the different
classes. The nartitioning shall be according to the proportions
observed today; that is, if a fifteen-year-old small auto is
driven only half as far today as a new large auto, we shall
assume the same two-to-one ratio holds at all times in the
future. The annual kilometers driven hy autos in each class
will depend on the size and comvosition of the inventorv of

autos.
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This is expressed mathematically as follows. Let Nc(y) be
the number of autos in the inventorv which are in class c in
vyear y. Let Sc(o) be the kilometers driven per autos in class
c in some reference yvear ~ for example, 1970. Finally, let
Sguto(y) be the total kilometers driven by autos in year v.

Then it can be calculated that the kilometers driven per auto

in class ¢ in year y must be:

P
Sauto(y)

I N v) -5 (0)

(7

So(¥) = (o)

Then the fuel intensiveness and emission factors applicable

to the average auto-kilometer are:

Z Nc(y)-sc(y)¢tc

by, auto = (8)
auto ‘
' L N (y)es_(¥)
(o
and
P 2 Mo (W) eS (Meg,
Es,auto = (9)

g N, (¥) =S _(y)

Then these factors -~ which the reader should note depend upon
the year v ~ may he substituted into equations (5) and (6) to

vicld fuel use and and pollutants emitted due to personal

transportation.

t nmay be desireable to acquire the MOVEC model, described
in reference (3], from the Rand Corporation. A great deal of

the work for the auto mode has already been done in constructing
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that model.

Dynamic Aspects of the Auto Inventorv

T™e auto inventory, described by the quantities Nc(y),
will change from year to year bv the loss of the old autos and
the addition of new ones. In reference [#], the vearly addi-
tions are specified exoqenouslv.' No connection is made in
that model hetween the numher of kilometers the newer autos
are to drive and the numher of autos to he added to the in-
ventory. Yet it is clear that a connection exists. If autos
are, on the whole, bheing drivan less, they will bhe hought less
too.

Also in reference [8], the rate at which autos leave the
inventory Jdepends on their age. Tt is known, however, that
auto survival is much nore closely related to total distance
driven rather than time since manufacture. This observation
suqqgests that autos should bhe dropped from the inventory
according to a survival distance distribution rather than a

survival time Adistribution.

This model differs from those of [3] and [#] in hoth of
these ways, thus accomplishing twn interesting and important
things. Trirst, it ensures that some consistency exists be-
tween the variables of auto ownership and auto use. Second, it
permits one to calculate the demand for new cars, an important

impact of transportation upon industry.

I will first describe my proposal for calculating the rate
at which old autcs leave the inventorv. There arc widelv
available (in the United States, at least), ‘unctions qgivina
the average numbher of kilometers driven per vecar by autos of

each age, and the proportion of autos of each age that one
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can expact to survive another vear. Let < he the averaae
distance driven in the ith vear of an auto's life and 'p'
be the probability that autos heginninag their ith year will

survive to the end of that year of their life.

Given these aquantities, one can easily compute a function
q (d) which describes the prohahility that a new auto will
still be in the inventory once it has bheen driven a total

distance 'd'. Let me define:

Dy =<5 1,
i
i=1
and: 3
o =T o
l {:.:'! 1'.
for each powint 1 = 1,2,--~, T% will be easy to ohtain points

of q(Dl hv interpolation, 1In words, Dy is the average dis-
tance an auto will have been driven in its first 1 vears, and

0, is the probahilitv that it has survived through these 1
years. Strictly speakinag, these figures applv onlv when autos
are driven according to the time-vs-distance schedule d4,d3,--,
etc, DBut I will assume that g (D) Aescrihes the survival possi-
hility for an auto as a function of distance, regardless of

how long {(or short) a time is taken to drive that distance.

Each year, as pointed out hefore, we will have a total
distance driven hy autos, gguto (v) . Usinag equation (7), this
will bhe divided up among au£os in the inventorv, we shall kecp
track of the number of kilometers drivengbv the averaage auto
in that class, M, (This quantity is initialized to zero wvhen
the autos of the class first center the inventorv:the entry process

is described below. Mach tine a vear passes, ", is angqumented

hv the averaage kilometers S(v) driwven hv auntos in *that rclass-

ioe-’



(10) ‘ "c("+1) = ”c(v)+Sc(v\.
Than the nuamber of antos in that class is undated Yy the
cquation:

(11) N (y+1) =1 (v) a(Me (v+1)

a(Ma(v))
Therc remains the question of how rapidlv now antos should
e added to the inventory. I rropose that they should he added

durinm a vear at a rate pronortional tn total auto kilometers

Py,

driven in that vear- that is, a% a ratec proportional to Sutd

This rule is simple, And will, T helinve, reproduace tn Aav's

inventoryv given tn-davr's historw,

Tn addition, it savs *hat once a steadv-state relation is
reached hetwveen total distance driven per vear v autos and
total autos in the inventorrw, the averaage distance Iriven per
autn, and the averace lifespan o€ an auto, will he apnroxi-
matelv as they are today. ™his is arquabhle on the arounds
that people 'ill not hnv autos in order © Arive them markedly
less than thoy dn todav, nnr will *hev Ariva them very mich morae.
™o Ao 50 toul? ke an nxtravaagenca in the first instance, a=’
woul?® nlevatn the act of drivina Lo a qgo0al in itsel®, rather than
a moans nof adetting from one nlace to another, in the secnnd

instance.

As fFor other mndes, the T'PA 3111 have cnllected data on
fuel consumption and emission factors fo: auto. At least in
the case of enissions, this has been cdone hy modcl of autormobile,
and year of rmanufacturc. Data on distance Jdriven per year, and
survival probabilities, for autos of differcnt a«os, has keen

collected (for the MWnited Statons situation) in referance [ 2 1.



Estinating Vehicle Yilometers

To this point T have described only hor to calcen’ate fuel
use and emissions Tue to the transportation of neople, startina
from vehicle-lziloneters for each mode. Tow I wish to describe

hovr to estinate vehicle kilometers.

I have found it useful to distinguish "“emand" tyne nodes
fron "scherduled" rnoles., A "demand" node, such as autn (the
cnly such mode I have considercd), operates only when people
wish to travel., Tv contrast, a "sche’uled" node, such as local
bus, runs on predetermined routes at reqularlyv scheduled tines,
whether passcngers are ridina in the vehicles, or vhether the

vchicles are empty.

In reference [5] it is pointel out that for scheluled
modes, the number of vehicle-ltilometers is independent of the
number of passengers or passenaer-kilometers carrie’®, Thus,

I choose to calculate vehicle-kilometers from the description
of service provided hy mode m- i.e, total kilometers of route-
way,Ry, averade headwav (time between vehicles) ", and averaae
valocity Ym. 2Also, let Tm he the lenath of the service dav

(e.g. 18 hrs.). The result is,

2
(12 sP _ 60T, Iﬁn

I
n
a result which can re checked with reference [5).

If one wishes to provide better service Aurina part of
the day (a peak period) than Aduring the rest, one specifies
two separate headways, and service times Lnlcorrespondinq with
each. The vehicle kilometers resultina from the two service
perinds are then added to vield Sz. Tf one wishes to relate

these quantities to a hetter measure of transportation service,
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provided, one mav rclate the lenath of routeway,Rﬁ, to the area
heing served. Uow far, on the average, must people walk to the
nearest route? Reference [6] deals with a simple model of

this kind.

Of course, to assert that vehicle-kilometers of scheduled
modes is independent of passenaers or passcnaer-lilometers is
to hend the truth. 1If tono many passengers try to ride such a
mode, the operator of the mode will place additional vehicles
in service, thus decrecasing the headway. And if no-one rides
the mode, the operator will surelv cease to provide the service.
Thus, to maintain a balance between the service offered *v a
mode of travel and the use made of it, we vill wish to estimate

person trips and person-kilometers carried on each mode,

For auto-the only "demand" type mode - I pronosc to calcu-
late vehicle-kilometers from a combhination ©of person-trips, an
average trip lenath, and an averaqe auto occupancy. T will
be convenient to deal separately with trips for work-related
purposes and trips for non-work purposes. Thus T will need

person trips hy auto, trip lenaths, and nccupancies for each

mt? v v n } 1
purpose separately. Let ™% . . qauto’ and W7 . be these
o, . . n n n
C s ¥ wo ’ A T € ,
muantities for rk trips, and “auto;xauto' and qauto he the

same quantities for non-worlk trips. Then auto-kilometers can

he calculated as:

\"'4 W n . n
(13) sP = Tauto * Nauto + Tiuto ':K auto
anto W gl ‘
auto auto

We shall deal separately with auto as an inter-urhan mode
and an intra-urbhan mode. Thus will shall specify secparate

numbers of trips, average trip lenqgths, and occunancies for the
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two caternories of trips. This further imnlies that we shall
have two equations (13), one each for inter-urban and intra-
urban anto-kilometers. However, when auto-kilometers qZuto

appears in eguations (5), (6) and (7), it will bhe the sum

of inter-urban and intra-urhan auto-kilometers,

For modes other than auto-that is, for the scheduled modes- T will

. . W D
estimate person trins for the two purvoses, Tm and ?m , and the

w

averaar trip lenaths, m

andcxﬁ. Then, rather than estimating
an occupancy an? then calculating vehicle-kilometers as in equa-
tion (13), I will calculate an occupancy usinag vehicle kilo-
meters from equation (12),., m™at is,
(14) Tn *Am + 70 . AR

' m

W - m

m oP
™m

If this occupancv is low, we should consider increasing the

headway Hm for that mode, if it is high, we should consider re~

ducing Hope In either case, Wm serves as a neasure of the halance

hetween the service offered bv mode m. and the use made of that

mode,

Person Trips, Trinp Lengths, and Auto Occupancies

Intra-urbhan work-reclated trips are proportional to the
numher of johs availahle, each jobh generating a little less than
two trips per work-day. (The trip to worl: and the return trip
home are considered a two different trips. From these trips ve
subtract a proportion for those who are sick, and those who walk
or bicycle to work). The numher of jobs supplied bv an industry
should he proportional to its level of activity. Thus, if wc
can estimate the nmumber of johs per unit activity for each in-

dustry, we can estimate intra-urban work trips.
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Inter-urban work-related trips (let us call them husi-
ness trips) are prohahly also proportional to industrial activi-
ty, with different proportionality constants for different
industries. However, this point should be checked if possible,

If it is true, it provides a simple vav to estimate these trips.

We should not attempt to construct a formal model to spilit
these trips amona the availahle modes. Instead, this split
should be made a part of the scenario. In the same way, aver-

X7

age trip lenaths by mode and the auto occupancy Wéuto should
be part of.the scenario.. How to include these factors systema-
tically in the construction of scenarios should he a matter

for early discussion.

Thus our procedure will be as follows:

Let}L¥(1) be the numlher of the daily work trips (calculated
as jobs times 1.9) generated per unit activitv in industrial
cateqorv k. Let,/U-K(Z) be the number of daily business trinps
per unit activitv in cateaqorvy Ix. Then total intra-urkan work

trips is:
(15) T Y1 = 2/‘1::7(1)'ak
Similarly, total inter-urhan work trips is:

a6 T Vo o= Jue) L oa,
n

s part of the process of [nildina the scenario, wa ill

specify how these trips shall be appointed amona modes., We
shall also specifv trip lengths and, for auto, an occupancy rate.
(rrip lenqths for long, inter~urban trips will probahlv ke

constant. ™rip lenaths for intra-urban trips will “erend.on

the urban form snecified in the scenario.)



I exrect that we shall also specifv non-worl trips by
mode as part of the scenario, as well as trip lenaths., The
non~work auto occupancy, wzuto we will probabhly hold constant
amonq all scenarios,

Data needs for this step are modest. We must lnow jobhs
per unit activity for each industrial and commercial cateqory.
We must know other husiness travel, aqain hv cateanrv, And
we mast know nunmbers of trips, average trip lengths, and

modal splits for bhoth wor! and non-work trips for some reference

vear.

The Inputs of the Model

To drive the models, we must input the muantities listed
hclow. Thus thege are the quantities ve exnect will ke speci-
fied either as part nf the scenario, or as outruts from other
mode]) s-models which do not recuire uantities calenlated in
the transrmortation models for thei:r operation. TInputs for
the freiaqght transport model arc the activitiesCLk for each
industrial and cormmercial cateaqory. In addition to these
activitics, the rerson transnort model will need:

- Emission factors Esc and fuel consumption factors ¢te for
rev autos joinina the inventorv each vear.

- Proportions o€ new autos in cach class that ioin the in-
ventory each year. (The total number of new autos is deter-
rnined in the nodel. Rut the propertion wvhich are small, or
electric, or hvdrogen driver must be specified outside the
model.)

- Kilometers of routway,Pﬁ, length of the service neriod L,

m
and heardways 1 of each schrduled mode. TF there arc tvo or

more service perinds with Jifferent headways, these anl tha
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parind lernaths must be qiven separatelv for cacl neriod,

- rwrrame autn trip lenqthfzz anAd Aunto occunancies W

auto auto
for inter-urban work trips, inter-uvrhan nen-vor':t trins, irtra-
ur]l an work trins, and intra-nrhan non-vor' trins.

- Averaqe trip lendtﬁs;lﬂ for mndes other than auto, bhnth for
work and non-worl: and for inter-urban 2nd intra-urhan trips.
-~ Fractions of inter-ur'an vark trips that are made »v esach
modae, (the to*tal num'er i3 estimated from the activities ak.
Given these frac*ions, the mu'lers of trips by each modqa can
e caleculate?,)

- I'ractions »f irtra-nrroan vost trina nade v oeacl. mode (see
previoug itaem) .

- "lumlicrs nf inter- and intra-arhon non-vork trins made Y

. Aal
cachH mode, ™ .
m
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