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ON FEBRUARY 17th , 1972 the Met area served by the system was ap
ropolitan Atlanta Rapid Transit proximately 780 ,000 .

Authority (MARTA ) , a public agency The base fare was increased on March
created in 1965 , purchased the privately . 5th , 1971 to 40¢ , still retaining the
owned Atlanta Transit System , Inc. transfer charge . On March 1st , 1972 ,
MARTA immediately took over opera - after MARTA had assumed operation
tion of the company 's bus lines , and of the system , the fare was reduced to
commenced the implementation of a aflat 15€, all zonal surcharges were
" short -range transit improvement pro abolished , and so was the transfer
gram " assisted by a $33 million capital charge . This reduction , however , did notgrant from the Urban Mass Transporta apply throughout the entire system .
tion Administration . Details of this pro Clayton County had not approved the
gram have been described by Kiepper et one percent sales tax levy , and fares for
al. ( 1973 ) . services within that county remained at
MARTA 's policy for the operation of the previous level . Fares for special
both the bus lines and the new fixed services ( the Stadium Shuttle , the Fal
rail rapid transit system currently un con Flyer , Six Flags services , for ex
der design in the city is to maintain

ample ) were not reduced , nor was the
" low fares " — that is to say , fares well 10¢ school fare . Overall, MARTA esti
below both the market level and the mates that at the time of the fare cut
level necessary to recover operating roughly 83 percent of the revenue pas
costs fully . Deficits on operating ac senger trips were affected by the re
count (as well as the city ' s contribution duction .
to the construction costs of the new In addition , over the first year of pub
system ) are to be recouped from the lic operation o

f

the system (March
revenues o

f
a special one percent sales 1972 through February 1973 ) a total of

and use tax imposed over the participat 5 . 80 million annual vehicle miles were
ing local jurisdictions . added , an increase o

f roughly 3
0 per

cent .Consequently , on March 1st , 1972 the
basic bus fare was reduced from 40€ THE ADOPTED MODEL OF

to 15€ per ride . In addition , during the TRANSIT RIDERSHIP
first year o

f

the transit system ' s opera - The analysis described here is positedtion under public ownership various o
n the hypothesis that longitudinal varother aspects o
f

the short - range tran iations in aggregate transit ridershipsit improvement program were imple in a metropolitan area can b
e accountedmented . Of these the most significant for adequately by a relatively smallare several increases in service pro number o

f explanatory variables . Prevision , equivalent in total (by Febru vious work b
y

the statistical laboratoryary 1973 ) to an increase o
f roughly 3
0

o
f the Massachusetts Institute o
f Techpercent in the annual vehicle miles op nology (Rainville , 1948 ) and by Carserated . tens & Csanyi ( 1968 ) , both using an

This paper documents a very simple nual rather than monthly operating staempirical exercise in which MARTA ' s tistics , support this hypothesis .monthly operating statistics for the pe The model further assumes that the
riod from January 1970 through Febru observed time series o

f

rider volumesary 1973 were examined to investigate can be decomposed into three compo
what might b

e deduced about the de - nent series which are additive :

mand response to the fare and service y = d
i
+ sitet ( t = 1 . . . . . N )changes . Despite the fact that the time where y . is the tth observation o
f

thespan considered is a short one and that time series ,

the limited data available are o
f
a very

d
i
is a non -seasonal deterministicaggregate nature , it has proved pos

sible to account successfully for the component

month - to -month ridership variations on S
t

is a seasonal component
the system , and hence to identify the and et is a random error component .

effects o
f

MARTA ' s innovations . If dị and st are themselves linear func
Atlanta ' s transit system , tions o

f

other parameters , then a model
1970 to 1973 o

f

this nature satisfies the hypothesis

In calendar year 1970 Atlanta Tran o
f

the general linear statistical model
sit System , Inc . operated a total of and may b

e

estimated by standard

1
9
.43 million vehicle miles over rough methods of linear regression .

ly 8
0 bus routes . Approximately 4
8 . 1 From the longitudinal data available .

million passengers paid a base fare o
f it was decided to select the revenue

35¢ , and o
f

these about 1
2 . 6 million passenger volumes for use a
s the prin

paid a
n extra 5¢ in order to transfer cipal endogenous variable in this anal

between lines . The population o
f

the ysis . The revenue passenger volumes for
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The Effects of Atlanta 's Short -Range
Transit Improvement Program

on System Ridership
by Michael A. Kemp*

each month from March 1970 through
February 1973 are graphed in Figure 1.

PATRONAGE OF
ATLANTA ' S TRANSIT SYSTEM :
ACTUAL PASSENGER VOLUMES
PEmonthlens)

VM M/
3.LLLLL

ASONIPAAR
19731990 ןכו 182

FIGURE 1

Examining first the period prior to
March 1972 , the graph exhibits some
fairly strong seasonal variations with ,
as one might expect a priori , a periodi
city of one year. Ridership is lowest in
the summer months of June, July , and
August (probably due in some measure
to school vacations in these months ) ,
and peaks in March and October . Un
derlying the monthly variations there
appears to be, as with the majority of
U . S. transit systems , a downward
trend .
Ridership rose sharply in March 1972
following theMARTA fare cut, but the
seasonal variation during the subse
quent year broadly followed the pat
tern of the preceding years with a sum
mer trough and an October peak .
The variables used in the analysis
The model adopted here hypothesizes
that the month - to -month variations ob

served in revenue passenger volumes
are, in part , determined by :
• the money price ( to the passenger )
of the service . A priori we would expect
that the higher the transit fare, the
lower will be the ridership - since as
the price rises , consumers at the mar
gin will divert to other modes or cease
to travel .
• the level of service provided by the
system . The available empirical evi
dence ( a review of which appears in
Kemp, 1973 ) strongly suggests that
transit ridership is relatively more sen
sitive to changes in the level of sery
ice supplied in particular, to door -to
door journey times —than it is to chang
es in money price .
• the number of days in the month .
Part of the monthly variation in rider
ship may be expected to reflect differ
ences in the lengths of months, and in
particular , variations in the number ofworking days in the month . MARTA es
timates that Saturday and Sunday rid
ership averages roughly 43 percent and
15 percent respectively of a weekday 's
ridership .
In addition to these three determin
istic variables , the model quantitatively
incorporates two other components :
• a secular trend variable , represent
ing the effects of those non -seasonal in
fluencing factors not considered explic

• a pattern of seasonal variations,
with annual periodicity , representing
the effects of those seasonal influenc
ing factors not explicitly considered .
Table 1 defines the set of basic var
iables entering into the analysis . The
only available measure of the level of
service provided by the system was thetotal vehicle miles operated during the
month (TVM ) . Since the transit passen
ger or potential passenger predominant
ly evaluates service in terms of such
factors as door -to - door journey times ,
access (walking and waiting ) times ,
number of transfers , and reliability ,
TVM must be regarded as a very inadequate measure for this purpose .
The money price variable , FARE , is
the basic bus fare for the system , which
is not the same as the average fare
paid per revenue passenger . An aver
age fare value would be a more appro

itly

* Senior Research Associate , Transpor
tation Studies Program , The Urban In
stitute , Washington , D.C.
† This paper is a condensation of an Urban
Institute Paper by the same author (Kemp ,
1974a). The work reported here was performed
under funding from the Research Applied to
National Needs (RANN ) Program of the Nation
al Science Foundation , Opinions expressed are
those of the author , and do not necessarily rep
resent the views of The Urban Institute or the
study sponsor.
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BASIC VARIABLES USED IN THE
ANALYSIS

Variable
name Description

time variable
Months are numbered con
secutively , commencing with
January 1970 as unity .

NWD number of non -working
days
Total number of Saturdays ,
Sundays, and public holi
days occurring in the
month .

WD number of working days
This is the difference be
tween the total number of
days in the month and the
number of non -working
days in the month .

FARE system basic bus fare
The basic fare ( in cents) in
operation during the month ,
using a weighted mean for
those months in which fare
charges occurred .

RP revenue passengers
Total number of revenue
passengers (that is, count
ing transferring passengers
once only ) carried during

the month , in thousands.
TVM total vehicle miles

Total bus miles operated
over the whole system dur
ing the month , in thou
sands .
dummy variable fo

r

each

( i = 1 , 2 . . . 12 ) month

D
i
= 1 for the it
h month o
f

the year

D
i
= 0 for a
ll other months

in the year

TABLE 1

ing the total revenue passengers in each
month (RP ) b

y

the total number o
f

working days in the month (WD ) ; total
vehicle miles per working day ( TVM /

WD ) was calculated similarly . On the
hypothesis that the demand reaction to

service improvements may b
e

a slow
one because o

f imperfections in infor
mation dissemination , a lagged value o

f

the service supply variable was also
tested ; this variable represents the to
tal vehicle miles operated during the
preceding month .

Estimation o
f

the model
Using ordinary least squares estima
tion , a number o

f

models were cali
bratedi in which ridership ( either RP

o
r RP /WD ) was expressed a
s
a linear

function o
f

various sets o
f

the expla
natory variables . Fourteen o

f

these
models are summarized in Tables 2 , 3 ,

and 4 . They are categorized into four
different groups :

• Group A models use RP as the en
dogenous variable , and are based on
the data for March 1970 through Feb
ruary 1972 , just prior to the MARTA
fare decrease ;

• Group B models use RP /WD as
the dependent variable , based o

n the
March 1970 to February 1972 data ;

• Group C models use RP a
s

the de
pendent variable , and are based o

n data
for March 1970 through February 1973 ,

thus implicitly incorporating the effects

o
f MARTA ' s short -range improvement

program ;

• Group D models use RP /WD as de
pendent variable , based o

n

the March
1970 to February 1973 data .

Tables 2 , 3 and 4 present the esti
mated coefficients for the variables in
each o
f

the models , together with the
values o
f

Student ' s t statistic associ
ated with each coefficient . Summary sta
tistics for the goodness -of - fit for the
model a

s
a whole are also presented .

It is readily apparent from inspection

o
f

these tables that all fourteen of the
model formulations summarized there
give a good explanation o

f

the month

to -month variations in revenue passen
ger volumes over the time period o

n

which they are based . All but one of the
formulations calibrated o

n pre -March
1972 data (groups A and B ) account
for over 9

0 percent o
f

the total longi
tudinal variance in ridership ; all of the
models based o

n

1970 through 1973 data

(groups C and D ) explain at least 8
6

percent o
f

the variance . The coefficient

o
f multiple determination and the vari

ance ratio for every one o
f

the fourteen
are highly significant at the 0 . 1 percent
level .

Moreover , the signs and magnitudes

o
f

the estimated coefficients are predom

D

priate measure , but for technical rea
sons it is difficult to form a

n accurate

estimate o
f

this from the available data .

Seasonal effects are accounted for in

the model by introducing a set o
f twelve

dummy variables ( D ) , one for each

month o
f

the year — this is one standard
technique o

f seasonal adjustment in

time series analysis ( Jorgenson , 1964 ) .

Since twelve -month moving averages o
f

the revenue passenger volumes correlat

e
d slightly (but not significantly ) more

closely with the logarithmic transform

o
f

the trend variable T , loget was em
ployed in preference to T throughout

all model estimations .

Other variables , formed from the bas

ic set , were used in some model estima
tions . Revenue passengers per working
day (RP /WD ) was computed by divid -
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FARE ELASTICITIES FOR THE
MARCH 1972 FARE REDUCTION

Ravenuepassengervolumes Ispliedfareelasticity

3months, 6months, 17months,
Mar72to Mar'72to Mar'72to
May'72 Aug'72 Feb'73
thousandsthousandsthousands

Actualriders
at154taro 13,053 24,996 50,948

Predictedriders
at40cfare, from
models

-6.20 -0.1942, 2
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4
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4
6 ,544

4
3 , 309

- 0 . 1
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- 0 . 1
8
- 0 . 1
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1
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1
1 , 1
1
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1 , 122

1
1 , 279

2
0 , 6
4
0

2
0 , 643

2
1 ,474

2
1 ,393

2
2 ,669

2
0 , 5
7
9

2
0
. 0
1
1

2
1 ,592

2
1 , 7
9
7

2
0 , 946

2
1 , 469

2
0 ,806

- 0 . 1
1

- 0 . 1
7
- 0 . 1
6
- 0 . 1
3
- 0 . 1
0

- 0 . 1
7

- 0 . 1
8

- 0 . 1
2
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2
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6
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5

4
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3
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4
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4
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42, 703

1
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4
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4
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3

4
4 , 0
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6

2
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0
2

- 0 . 2
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6

- 0 . 2
5

Medlenvaloa
from th

e
modele 1
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7
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2
1
. 1
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4

4
2 , 7
8
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- 2 . 1
0

WARTAestimates 1
1 , 2
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- 0 . 1
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9 6 . a

inantly in line with a priori expecta

tions , with a very small number o
f ex

ceptions . For example , all coefficients o
f

the variable FARE are negative , as are
all of the coefficients o

f

the trend var
iable logeT ; the coefficients o

f

the sup

ply variables TVM and TVM /WD are
predominantly positive . The t statistic
values show that many o

f the coeffi
cients are significantly different from
zero (at the 5 percent level ) , and in no
case does a significant coefficient pos

sess an anomalous sign .
RIDERSHIP AND THE
FARE LEVEL

It is possible to use the estimated
models o

f system ridership to isolate
out the effects o

f fare changes alone o
n

the volumes o
f

revenue passengers . We
shall discuss first the derivation o

f
a

fare elasticity o
f

demand for the ma
jor price reduction o

f

March 1 , 1972 .

Each o
f

the fourteen equations sum
marized in Tables 2 through 4 may b

e

used to predict the volumes o
f traffic

which could have been expected dur
ing each month from March 1972

through February 1973 . had the base
fare remained a

t 40€ . This is done by
extrapolating the models using the ac
tual values for all exogenous variables
except FARE (which is set equal to

4
0
) when it appears explicitly in the

equation . The predicted monthly reve
nue passenger volumes are then sum
med to provide total ridership estimates

(at the 40¢ base fare ) for three months ,

six months , and twelve months follow
ing the fare change . These totals can

b
e compared with the actual traffic vol

umes observed over the same time pe
riods , and the implied fare elasticities

(designated n3 , ne , and 712 respective

ly ) may be computed .

The results o
f this procedure are

summarized in Table 5 . The elasticity
estimates quoted there are arc - type

values , computed from the formula

A loga

n = =
A log p

where q is the total revenue pas
senger volume over the time
period
and p is the value o

f FARE .

There are several features o
f

inter
est in Table 5 . First , with the exception

o
f

three o
f

the model formulations (A3 ,

A5 , and B2 ) , the traffic volumes pre
dicted a

t
a 40¢ fare by the remainder o
f

the equations are highly clustered , all
estimates lying within six percent o
f

the mean . The implied fare elasticities
are consequently also very uniform .

Secondly , the majority o
f the models
show a numerically larger fare elasticity

TABLE 5

over six months than over three - but
the twelve month elasticity values are
typically very close to the si

x

month
values .

The 5
¢ fare increase o
f March 1971

may be examined in a similar way , a
l
.

though in this case not all of the four
teen models can be used to derive elas
ticity estimates — the Group A and B

equations which do not explicitly incor
porate the FARE variable are not ap
propriate for the purpose . The results
are summarized in Table 6 .

The models calibrated o
n the data
through February 1972 (Groups A and

B ) imply elasticity values o
f

the order

o
f

- 0 . 4 to - 0 . 7 for the March 1971 fare
increase — a somewhat higher elasticity2

than those estimated for the March
1972 fare cut . However , the models cali
brated o

n the data through February
1973 (Groups C and D , shown below the
broken line in Table 6 ) imply markedly
lower fare elasticities for the March
1971 increase , o

f

the order o
f
- 0 . 15 to

- 0 . 3 . The reason for this is not difficult

to determine . The estimation o
f the

Group C and D equations is heavily in
fluenced by the effects o

f the large
MARTA fare reduction , which domi
nates the much smaller 1971 increase .

These equations provide a good fi
t

to

the post -March 1972 data a
t

the ex
pense o

f being a poorer fi
t
(than the

Group A and B calibrations ) to the pre
MARTA experience . One therefore con
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FARE ELASTICITIES FOR THE MARCH 1971 FARE INCREASE

Revenue passenger volumes Implied fare elasticity

3 months, 6 months, 12 months,
Mar '71 to Mar '71 to Mar '71 to
May '71 Aug '71 Feb '72

thousands thousands thousands
Actual riders
at 40¢ base
fare 11,734 21,715 44, 000

Predicted
riders at 354
base fare ,
frommodel:

- 0.44

-0. 55A5

B3

12,439

12, 63
1

1
2 , 73
7

1
2 ,818

2
3 , 187

2 3 , 519
2
3 ,582

2
3 ,741

4
6 ,790

4
7 ,599

4
7 ,670

4
7 , 94
9

- 0 . 49

- 0 . 60

- 0 . 62
- 0 . 67

- 0 . 46

- 0 . 59

- 0 . 60
- 0 . 64

- 0 .61

- 0 . 66

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

1
1 , 976

1
2 ,028

1
1 , 99
1

1
1 , 994

1
2 ,025

2
2 ,479

2
2 , 508

2
2 , 34
3

2
2 , 345

D
1

4
5 ,605

4
5 , 408

4
5 , 70
7

4
5 ,696

4
5 ,521

- 0 . 15

- 0 . 19
- 0 . 16

- 0 . 16

- 0 . 18

- 0 . 26

- 0 . 27
- 0 . 21

- 0 . 21

- 0 . 23

- 0 . 27

- 0 . 24
- 0 . 29

- 0 . 28

- 0 . 252
2 , 390

TABLE 6

cludes that , for the 1971 fare change ,

the higher elasticities implied b
y

the
Group A and B models are to be pre -

ferred to the lower values implied by
the Group C and D equations .

RIDERSHIP AND THE
LEVEL OF SERVICE
This analysis proved less successful

in identifying the effects o
f

service
changes o

n ridership than it did in iden
tifying fare change effects . There are
two principal reasons for this . First , the
variable TVM is an inadequate measure

o
f

the level o
f

service as it is perceived
by the individual passenger . Partly as

a consequence o
f

this , the coefficient o
f

TVM does not play a significant role in

most of the model formulations in which
the variable was entered . In only three

o
f

the equations summarized in Tables

2 , 3 , and 4 is the coefficient o
f

TVM sig
nificantly different from zero a

t

the
five percent level .

Secondly , although after MARTA as
sumed control o

f

the system a
n extra

3
0 percent o
f

vehicle miles ( on an an
nual basis ) had been added b

y Febru
ary 1973 , the additions were made o
n

a

gradual basis over the year . This means
that there are hardly any individual

changes o
f

sufficient magnitude to allow

a meaningful examination o
f

the effects

o
f that specific service improvement ( in

a manner akin to the one used to esti
mate the demand elasticities relating to
specific fare changes ) . The one excep
tion to this occurred too late in the
data period to be assessed in this way .

Point elasticities o
f ridership with
respect to vehicle miles operated were
computed from equations A5 , C2 , and
D3 , the only ones with significant co
efficients for the TVM variable . Using
the values o

f

the exogenous variables
as they were for February 1972 , the
month o

f MARTA ' s takeover , equation
A5 yields a

n elasticity value o
f
+ 1 . 13 ,

equation C2 gives a value o
f

+ 0 . 33 ,

and equation B3 implies a
n elasticity o
f

+ 0 .313 . However , since model A5 is es
timated from a data base which does
not include any o

f

the post -March 1972
experience (which is when the major
service improvements were made ) , it

appears reasonable to accept a supply
elasticity of roughly + 0 . 3 as implied b

y

models C2 and D3 .

In summr npears that the serv
ice ir implemented by
МАР 1972 and Feb
rua 1 . 6 mil
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lion more revenue passengers than
would have otherwise been the case ,
given the MARTA fare reduction . On
this basis , a full year ' s operation at the
February 1973 supply level could be
expected to generate some 3.0 to 4.5
million more revenue passengers than
at the February 1972 level .

SUMMARY AND CONCLUSIONS
This analysis has confirmed that it is
possible to model successfully the longi-
tudinal variations in transit patronage
in Atlanta (on a month -by -month bas-
is ) using a small number of explana
tory variables . The fourteen linear mod -
el formulations estimated here provide
a very good fi

t

indeed to the Transit
Authority ' s operating data over a three
year time period which incorporate a
fare change o

f
a relatively large magni -

tude and significant improvements in

service levels .

For a
n increase in base fare from

35¢ to 40¢ in 1971 , the fare elasticity
appears to have been o

f

the order o
f

- 0 . 45 to - 0 . 7 , and probably was close to

- 0 . 6 . However , when the fare was re

duced to 15¢ in 1972 , the elasticity was
roughly - 0 . 15 to - 0 . 2 . In both cases , the
demand was still changing in response

to the fare change after three months ,

but appeared to have stabilized after
six months
Over the first twelve months o

f oper
ation at low fare , the fare reduction a

p

pears to have added roughly 8 . 2 mil
lion revenue passengers to the 42 . 8

million revenue journeys which would
otherwise have been made a

t

the 40¢
base fare level , given the MARTA
service improvements . This is a

n in

crease o
f just over 1
9 percent .

The cost to MARTA o
f

these fare
cuts , measured solely in terms o

f fore
gone revenue , is consequently a net o

f

roughly $ 1
0 million per year , o
r

some
where between $ 1 . 00 and $ 1 . 25 per reve -

nue passenger gained . This is , o
f

course ,

not the total cost o
f

the ridership
growth because to the lost revenue
needs to be added the incremental tran
sit operating costs o

f carrying these ad
ditional passengers .

Over the first year o
f MARTA ' s op

eration o
f the system , a total o
f

almost

2 million more vehicle miles were op
erated than in the preceding twelve
month period . It is estimated that this
supply increase added roughly 1 . 5 to

1 . 6 million more revenue passengers
than would have otherwise been the
case , given the MARTA fare reduction .

This is equivalent to a demand elasti

city with respect to vehicle miles o
f

roughly + 0 . 3 . On this basis , a full
year ' s operation a

t

the February 1973
supply level could b

e expected to gen
erate some 3 . 0 to 4 . 5 million more reve
nue passengers than a

t

the February
1972 level .
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FOOTNOTES

1 All data manipulation and model estima
tion was carried out using PLANETS , & com
puter program developed by the Brookings In

stitution Social Science Computation Center for
the analysis o

f

economic time series data .

2 Here and throughout this paper , a " high "

elasticity refers to one with a relatively large
numerical value , disregarding the negative sign .

3 The magnitude of the variation in these es .

timates illustrates the inadequacy of TVM as
an index of service provision .

4 Similar linear time series models have more
recently been estimated for major fare and
service changes in San Diego and Cincinnati

(Kemp , 1974b) , giving comparable levels of ex
planation of month - to -month variations in ag .

gregate ridership .


