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ABSTRACT:

- This study investigates the way in which Sydney suburban rail
... patronage responds over time to changes in the determinants of

patronage. Questions of the following form are addressed. If the
real rail fare index changes in the current aceounting pericd, how

. tong does 1t take for patromage to respond? For how many periods

" following the initial response are cubsequent responses observed?
What is the Iong run effect? In addition to the real rail fare,

.. 8uch questions are addressed with respect to the reol price of petrol,

- reql househoul disposable income and 'on time rumning ',

. One motivation for the dynamic analysis of patronage response arises
- from interest in the use of 'Before and After' studies to investigate
market segment fave elasticities. This study permits an empirical
i investigation of the potential value of such studies for the Sydney
" suburban rail network. It is concluded that they are wnlikely to
yield fruitful vesults.
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INTRODUCTION

This study investigates the way in which aggregate Sydney suburban rgj
patronage 1esponds over time to changes in the determinants of patronage. p
particular, questions of the following form are addressed, I the real rail fare
index changes in the current aceounting period how long does it take for patronage
to zespond? For how many perieds following the initial response are subsequent
responses observed? What is the eumulative effect of the real fare change? With
regard to elasticity estimation, the distinguishing characteristic of this study from
two earlier Sydney studies (Public Transport Commission of New South Wales 1978,
State Rail Authority of New South Wales 1981), is an explicit focus on the
dynamies of patronage response.

One motivation for a dynamic analysis of patronage response arises from
interest in the use of 'Before and After' studies to investigate market segment fare
elastieities. The 'Before and Aftert methodology must accommodate the dynamie
nature of patronage response as well as seasonal, trend and economice effects
coineident with the fare effect. This study provides information about the
dynamies of Datronage response and estimates the size of seasonal and othe;
effects for Sydney suburbszn patronage.  An operational "Before and After
procedure is derived and an empirieal analysis is conducted of its associated

estimation error. This analysis enables conelusions to be drawn about the potentia]
value of the 'Before and After! methodology.

METHODOLOGY

The General Estimating Equation

The approach adopted is that of an econometrie time series analysis. The
general estimating equation is presented in this seetion and is then discussed in
considerable detail in the following seetions. The most general equation estimated,
relative to which every subsequent equation estimated is a 'special case’, was of
the following form:

2 13

13
InPAT, = a+ I b InPAT, .+5% e, In RRAILF, . +I d.In RHDINC, .
t P | t-i O t-i 0 i t-i
. i=1 i=0 =0
13 13 .
+ f_:_ e; In RGASt—i +:£_ fi in OTRt—i +g STRIKESt
i=0 =0
12 i
* RMESD, +k TREND, + i;:o p; § (1)
where In denotes a natural logarithm

t denotes the time period {accounting periods)
* PAT denotes suburhan passenger journeys

RRAILF denotes a tea] rail fare index

REDINC denotes g 1eal deseasonalised household disposable income index
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RGAS denotes the real price of petrol

OTR denotes the % of frains in the metropolitan network no more
than five minutes late

STRIKES denotes the number of days dwration of strikes affeeting the
suburban network

ESD denotes a binary dummy variable to capture the operation of the
Eastern Suburbs railway. ESD = 0 for all periods prior to the
opening of the Eastern Subuibs raiiway, ESD = 1 subseguently.
denotes a binary dummy variable to capture the seasonal effect
in aceounting period i. For example, S% =1 if period t coincides
with aceounting period one, S% = 0 otherwise.

TREND denotes a linear time trend

_The Modelling of Patronage Reaction Dynamies
: . The general estimating equation (1) has been specified so as to have the
‘capaecity to capture a wide array of dynamie effects, In this section a brief
“diseussion of the modelling of dynamic effeets is provided with a view to explaining
‘the capacity of equation (1) to capture dynamie behaviour.
~+..  Consider an equation depicting the relationship over time between two
fables y and x:

I R @

Using Ay, to denote (yt - yt—I) and Ax, to denote (xt - Xt—‘l)’ {2) implies

VoA FVIARE g etV ARy 3

Now assume that all of the AX's exeept Axt are zero, and Axt =1, Then it
ay be seen that:

BYy = Vg Ay =V e MY TV @

- Thus as a eonsequence of a one unit change in x lasting only one period (i.e.
an-impulse) it is apparent that y responds in the fashion exhibited in (4).
Comparing (4) with (2) it may be noted that these responses of y to an x impulse

rovided by the coefficients on the equation relating y and x. If these v's were
known they: could be graphed as shown in Fig. 1.

_Th_iS graph, known as an impulse response function, represents the response

ver time to an impulse change in x. In this example there is little immediate
-bonse, a substantial response after three periods, smaller subsequent responses,
d_ 10 response after ten perfods. Notice that in this example a single monitoring
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Fig. 1 An fllustrative impulse response function

of the response after say two periods, would seriously understate the tota]
response. To accurately measure the total response requires knowledge of thjg :
impulse response funetion. Onee the y varishle is thought of as patronage, and the ..

X variable ss the real rail fare, the importance of the impulse response funetion is :
readily apparent. :

In prineiple, the impulse response funetion relating patronage to the real

rail fare eould have any one of several distinet shapes. Figure 2 ilustrates three '_ '
plausible eases.

Figures 2(a) and 2(b) require little explanation, however, the explanation of
Fig. 2(c) is less obvious. In this case for the first few periods following e fare
change, there is a negative patronage response. Thus, for example, following &
fare increase, patr onage falls as users switeh to other medes. Five periods after
the fare change however, positive responses emerge. In the case of a fare
Increase, this represents the switehine back to rail of those users who switehed in
Fesponse to the original fare increase but have found the alternative mode.
ursatisfactory. It also represents 'teverse switching' as users of the non-rail mode
switeh to rail because of inereased costs in the alternative mode arising from its
inerease in patronage. (Note that this is simply an example of a well known text-
book case involving substitutes: if the price of butter increases, the price of "
margarine also increases and some margarine users will switeh to bytter.) &

With respect to 'Before and After' studies,
again in the context of Fig. 2{e}, the importance of monitoring 'after! patronage at':
the correct time, Feilure to wait long enotigh for the 'switeh-back' or 'reverse .

switching' effeet to arise, will lead to a serious overstatement of the negative _
response to a fare increase,

it is worth emphasizing once::

In Figs 2(a), 2(b) and 2(c), three quite distinet impulse response funetions .
are illustrateq, Any one of these may represent the actua! dynamie relationship.:
between rail patronage and real rail fares, Sinee it is desirable to allow the data to :
determine which of these (or of other equally plausible shapes) Is appropriate, the
general estimating equation (1) should be specified so as to allow any one of these':
shapes to beidentified if it js consistent with the data, This has been a major
ceonsideration in the specification of the general estimating equation (1), as may be

illu(s'srated by the diseussion of a stylized equation which has the same genera! form
as (1), i
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(<)

. Fig. 2 Some possible rail fare-patronage impulse
: response functions
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Consider the equation:

2 13
Ye=at+l by, . +I ex . (5)
t j=1 1 t-i j=p 4 t-i

Such an equation is ezﬁsemely general in its implications for the form of
the impulse response function.

If bi=0f0!'i=2
and e, =0fori=1to13

then (5} reduces to:

Ye=e+byy g tepx,

o -
- I
o V=ate iZo B e

This may he recognised as the widely used Koyek (or geometrically
deelining)} distributed lag. The impulse response function in this case has the shape .
ilustrated in Fig. 2(b) {assuming, as is reasonable in & patronage/fare study, that
e, <),

0

If the b, and bz coefficients are non-zero,

the impulse response function
can exhibit the oscillator'y form ilustrated in Fig. 2{e

) {see Box and Jenkins 1978).
bi=9f‘or-i=1,2

' (5) reduces to:

13
Yy =a+i ex . {7}
t j=p 1 t-i

This form may either direetly display the battern of the impulse r‘eéponse
2(a), or '

in Fig. may be the basis of g suhbsequent constrained lag distribution

estimation (such as an ALMON) which could generate a wide variety of patterns,
ineluding Fig. 2(a).

.
The generality of this equation for the impulse response funetion ean be shown in -
a relatively technieal, but suceinet fashion. Using the lag operator L, (5) may be
rewritten as:
e(l)
YLTRE) %t ®

where ¢{L) and b(L) are polynomials |
a 'rational' distributed lag model.
the shape of the impuise response f

n the lag operator. Equation (6) is known as
Such a model is very flexible with regard to
unction (see Harvey 1981).
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Not only ean an equation with the structure of (5) capture a wide array of

:.dgyn'amic responses, it also embodies the static case of total ‘'within periog'

response. This would arise if all of the coefficients in (5) except 'a' and 'co' Wwere
zero. In this case (5) reduces to:

; yt =a +00Xt

| Erom this discussion it is apparent that the general estimating equation (1)
apable of capturing a wide array of dynamie and ‘within period' (or statie)
 patronage response patterns to a fare change,

: Mode]hng Seasonal and Trend Effeets

22 The coeffieient on an additive seasonal dummy variable g! in the estimating
uation (when muitiplied by 100) ig approximately the pereen age difference ip

season i eompared to the §0 called "omitted season. Note

ysis involves 13 aceounting periods Der year, equation (1)

volves the specification of 12 Seascnal dummies, for example, if no
Sonal dummy has been defined for i i 3, Sl(xlﬂﬂ) is the

i i i one” eompared to

ion, the difference

The ESD dummy variable is designed to capture the patronage effect of the

' Suburbs tailway. This variable is speeified not because the
he magnitude of this effect but because failure to
istort the estimation of the remaining parameters of (1).
STRIKES variable,)

...Wes the ABS Sydney 'al) groups’ index;
ome series brompted the use of 4 national d

TIMATION RESULTS

& hypothesis that an of the coefficients in the distributed Iag involving
le in question are gzarg, The results of these tests are presented in

ithe ) imation results for the lagzed endogenous variables are also presented in
.
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Table 1 Hypothesis tests based on the general estimating equation

Variable Coefficient t statistic p value F statistic p value
of t of ¥
statistic statistie
LPAT,C_1 -0.0457 -0.3929 0.6982
LPATt_2 -0.0677 -0.6238 0.5358

LRRAILF (-13
LRGAS 0-13
LRHDINC 0-13

2.1028 0.0297
3.9725 0.0002

2.0271  0.0366
LOTR 0-13 2.6338 0.0068
LPAT 1-2 0.0578 0.9438
Estimation period: 1974.3 to 1983.5 {aceounting periods)
Observations 120 Degrees of freedom 60
% = 0.8666 % = 0.7355

Note: I-J denotes an unrestricted distributed lag from lag I to lag J.

The p value {or probability value) of the t statistie
doing an instant hypothesis test. If the p value exce
the hypothesis test then, for a two tailed test,
coefficient is aceepted (f

provides a convenient way of
eds the level of significance of
the null hypothesis of a zero
or & one tailed test, p/2 is compared to the level of

significanee). Similarly, if the P value of the F statistic exceeds the level of

significance of the test, the null hypothesis is accepted.

Since the general estimating equation (1) involves lagged endogenous
variables, the Durbin-Watson statistie is tnappropriate for testing for the existence
of an autocorrelated disturbance. Instead, Durbin's regression test is used (this test
is deseribed at length in Harvey 1981, p, 277). The test involves regressing the OLS
residual from the estimation of (1) u,, on a distributed lag Uy _yr- U, andall of the
regressors from the original estima ing equation (1). Either an MtAEEp) or an AR(p)
disturbance strueture can then be tested for by a joint T test on the coeffieients of
the lagped residuals u 7 oo U Setting p at 13 the F statistic was 1.1 269 which,

with 13 and 20 deg:ees_%af freetdgm has a ’p('zyalue of 0.3934, Hence the hypothesis
of uncorrelated distwbances is acecepted.

From Table 1 it may be concluded that the teal rail fare, the real price of
petrol, real househoid disposable income and 'on time running’, eaeh has a
statistically significant effect on accounting period rail patronage when dynamics
are accommodated. From Table 1 it may also be eoncluded that the nature of the

dynamic interaction does not require 1 model with an autoregressive component;
both lagged endogenous variabies are insignifieant.

Having established that each variab
on patronage when it is accommodated in
effeet of 2 change in each variab
say, the highest and lowest non
for each variable are identified,

le of interest has some dynamic effect
a very general model the duration of the
le on patronage is next investigated. That is to
“Zero coefficient in the impulse response fraction

ZThe terms MA(p) and AR(p) are notation for stochastic time series models, see
Harvey (1981). The usual first order autocorrelation of the disturbance for

example would be referred to as an AR(1) structure. Here a test is being
conducted for a much more general disturbance struecture.
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: The general estimating equation was re-estimated with the lagged
R endogenous variables omitted. The maximum lag for ea_ch variable was identified
" first. The constraint that the eoeffielent on lag 13 is zero was te_ested for a
particular variable., If this hypothesis was accepted, the hypothegis that the
- coefficients on lags 12 and 13 are both zero was tested, and so on. This }eads to a
. series of F tests. As soon as a constraint was rejected the lowest lag in the set
' comstrained to zero was identified as the maximum lag for the vax:mble under
consideration. A sequence of such tests was eonducted f'o:_' each va_r‘xapl_e.. Each
" sequence led to the identification of a maximum lag. The minimum significant lag
. for each variable was then identified in a similar fashion.

. For a particular variable the constraint that the lag zero coefficient is
" gero was tested. If this was accepted the constraint that the eoefficients of lag

zero and lag 1 aie both zero was tested, and so on. As soon 88 a constraint was
.. rejeeted, the highest lag in the set constrained to zero was identified as Fhe
. minimum lag. A sequence of such F tests was conducted for each variable leading
" to the identification of the minimum signifieant lag for each variable.

The results of the procedure for identifying minimum and maximum
! significant lags are presented in Table 2.

Table 2 Mazimum and minimum significant lags

Variable Minimum F statistic p value Maximum F statistic  p value

lag for rejected of F lag  for rejected of F

constraint statistie eonstraint statistie

" LRRAILF 4 1.8678 0.1167 4 1.8333 0.0786
- LRGAS 2 6.0163 0.0014 12 3.8537 0.0277
" LRHDINC 1 2.5879 0.0852 13 2.7133 0.0093
- LOTR 0 7.3208 0.00%2 11 3.60087 0.0387

. Note: See text for an explanation of 'F statistic for rejected constraint’,

. From Table 2 eonelusions may be drawn about the timing of dynamie
effects on patronsge. The impact of a rea! rail fare change is detected four
aceounting periods after it has arisen. There is no further impact. The impact of a
change in real petrol prices is detected two periods after the change. There is
continued impaet unti] 12 periods after the change. The impaet of a change in real
household disposable income is detected one period ?ﬁer‘ the change and

3 periods after the change. Finally, the impact

;. of a change in 'on time nmnning' is felt im mediately and subsequent impact arises
= until 11 periods after change.

Sinee the identified maximum lag coineides with the maximum lag specified it is
_Dossible that a higher maximum lag speeification would lead to a higher
identified maximum lag for RHDINC. Using the equation which generated Table
2 the maximum specified lag for RHDINC was extended from 13 to 26 and the
hypothesis that the coefficients on lags 14 to 26 are all Zero was tested. The
value of the F statistio for this test was 0,5169 with a p' value of 0.8994,

Hence, the hypothesis is accepted and the identified maximum lag of 13 is
Supported,
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Estimation period: 1974.3 to 1983.5
1974-5 finanejal year.

Observations 122
r% = 0,3833
DW =2.0387

Degrees of freedom 69
&2 = 0.7954

Q(33) = 41.9928

(sccounting periods) where 1974 denotes

'p' value of Q statistie = 0.1356

Having inferred something about the timing of effects on patronage, the
magnitude of the effect was estimated. To this end the general estimating
equation was constrained to reflect both the minimum and maximum lags of Table
2, and the absence of lagged endogenous variables suggested by the results of Table
1. The constrained equation was re-estimated; the results appear in Table 3.

Table 3 Estimation results from the constrained estimating equation
Variable Coefficient t statistic p value F statistie  p valye
of t of F
statistie statistic
CONSTANT 8.0817 8.5459 T 0.0000
LRRAILFt_4 -0.2053 -3.0233 0.0035
LRGAS 2-12 4.2153 0.000¢0
LRHDINGC 1-13 1.6583 0.0904
LOTR 0-11 3.1303 0.0013
STRIKES -0.0150 -6.0616 0.0000
ESD 0.0357 0.9165 0.3626
TREND -0.0022 -1.7473 0.0850
Seasonals {omitted period: aceounting period 9)
AP1 -0.0751 -2.4950 0.0150
AP2 -(.0236 -0.7906 0.4319
AP3 0.0181 0.6177 0.5388
AP4 -0.0553 -1.9687 0.0530
APS -0.0517 -1.8748 0.0650
APS ~0.0226 -0.7887 0.4330
AP7 -0.0885 -3.1020 0.0028
AP8 -0.0567 -2.07086 6.0421
AP10 6.0658 2.4021 0.0190
AP11 0.0347 1.2283 0.2235
AP12 0.0675 2.3994 60191
AP13 -0.06076 -0.2691 0.7887

Note: 2-12, 1-13 and 0-11 each indieatas an
Q33 Is the Box-Pierce statist
eorrelogram;
disturbanece is
hypothesis thg

i

it is the appropriate
not autocorrelated, Th
t the disturbance is not

The real rail {
from Table 3.
within a single p
be -0.2053.
significance of repor ting
value of the population
tested using this data and

are effect on accoun
The effeet is felt four
eriod

a 3% two-

ting period pationage may be estimated direct
periods after the change,

tailed hypothesis test.

unconstrained distri

buted lag.
for 33 lags

in the estimated disturbance}
test statistic for the hypothesis that the

€ reported 'p’ value implies seceptance of t
autocorreiated.

n these boundar
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Since the real petrol price, real household disposable ineome and 'on t@me
ning! each impact on patronage over se‘ver-a.l periods, the most _detalle:d
Atifieation of their effects involves estimating each coeffieient in their

.respective impulse response functions. Multicollinearity howav_*er renders such

stimation very imprecise, the standard errors  of the estimated response
: oafficients are large. Instead of repo.rt_mg the entu'e_ estimated 1mpulsq response

inctions here (they are r'-epox‘tet_i in the Appendix), for each v‘amable the
‘cumulative effect on accounting period patronage of a 1% change sustained i_'or- one
-yé‘ar'is reported. This cumulative effect is estimated by summing tpe estimated
‘poefficients in each impulse response f'm-xction (for_ the constrained general
‘sstimating equation, this amounts to summing the estimated coefficlents in the
respective distributed lags). For the double log estimating equation used in this
study this cumulative effeet constitutes a one year sustained impulse elastiecity.
‘Tor each variable the hypothesis that the one year sustameg impulse elastieity is
zero was tested; the estimation and test results are reported in Table 4.

Table 4 Estimated 'one year' sustained impulse elasticities
from the eonstrained estimating equation

Estimated t statistie : p value of
elastieity ' t statistic

0.7%02 4.1058 0.0001
-0.5953 -1.0056 0.3181
0.7680 3.4791 0.0009
-0.2053 -3.0233 0.0035

 95% confidence intervals for the estimated elasticity
Lower limit Upper limit

0.4131 1.1675
~1.7556 _ 0.5650
0.3353 1.2807
-0.3384 - -0.0721

The RRAILF result is identieal to that appearing in Table 3 because the
associated distributed lag only involves one term. It is presented here for
purposes of comparison.

From Table 4 it may be seen that each of the one year elasticities is
ignificant execept that of real household disposable income. It is notable however,
hat. this point estimate of the long run aceounting period income elasticity
~0.5853) derived here from an accounting pericd study, is consistent with the point
stimate for annual patronage (-0.747) reported)in the 1981 annual period study
State Rail Authority of New South Wales 1981). '

._C_onsider- for example a 3% per annum percentage change in real household
'__:dxspo:sable income. Then an annuat patronage income elasticity of -0.747 implies
<8 changé in anmyal patronage of -2.24%. Now a 3% per annum percentage
-ehange is equivalent to 0,23% per accounting period. Given an aceounting period
_Patronage income elasticity of -0.5953, this implies a change in accounting
:period patronage of -0.1369% per accounting period, or -1.77% per annum. This
_':es_s--tr_totably similar to the -2.24% derived from the annual patronage elastieity
‘estimate.
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To provide perspective on the elasticity results reparted in Table 4,
descriptive statisties for the data used in this study are reported in Table 5.

Table 5 Desecriptive statisties for data in the form of
percentage change per accounting period

Variable Minimum Maximum Mean Standard

deviation
%A RGAS ~-11.5294 13.8483 0.4224 3.3642
%A RHDINC -1.3872 1.5317 0.1906 0.5437
%AQTR =33.5561 32.9880 0.3152 6.9197
%A RRAILF -20.35983 20.5844 0.0122 4.2367

Note: The period summarised is 1974-5 aecountinyg period one to 19834 pericd 5,

The estimated trend effect fiom Table 3 is reported in Table §. {It may he
noted that the estimatéd 2.8% per anpum deeline is very simiiar to the 2.1% per
annum decline reported ir an earlier study; Hensher and Bullock (1979).)

Table 6§ Estimated trend effect

Estimated trend t statistie p value of
per accounting _ t statistie
period

-0.22% ~1.7473 0.0850

Estimated trend per annum: ~2.8%

85% confidence limits

- Upper limit: -0.02% per accounting period (-0.26% p.a.)
Lower limit: -0.46% per accounting period (~5.8% p.a.)

The statistically significant estimated seasonal effects reported in Table 3
are presented in Fig. 3. o

% difference

in putronage 5.7 58
relative ta

5 accounting

peried 8.

il 12 13

Accounting
periods.

Fig. 3 Statistically significont seasonai effects
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‘THE IMPLICATION OF THE RESULTS FOR BEFORE AND AFTER STUDIES

A ipti ' ! Procedures
 Deseription of the "Before and After
I?nphed by the Resuits of this Study

: From Fig. 3 it is evident that there is no differential seasonal effect
Z-Ibe.t'wéen accounting periods 2 and 3. Ifenee, it is eonvenient for illustrative
"purposes to use these periods for a deseription of the 'Before and After' procedure.
_. | . Onthe basis of the preceding econometric results the population patronage

‘egression equation is of the form:

gl 13
IMPAT, = a + e,In RRAILF, , + f:l d; In RHDINC, _,

12 11
I e.InRGAS, . +&
1 t-i

f'i In OTR
i=2 i=0

g STRIKES + h FSD,

1z,
1
k TREND, + §=0 p; §

- where all variables are defined exactly as previously, e, is a white noise
disturbanee and period t is assumed to coincide with achunting period 3.

Legging equation (9) one petiod, subtracting the result from equation (9},
~multiplying by 100, and solving for the real rail fare elasticity e 2 provides:

%A PATt 13 %A RI—IDINCt_i

5 -5 d
7% A RRAILFt_4 =3 1 %AR RAILFt__4

12
I e B4 RGASt—i 11 %AOTR

t-i
iz | grmEee— - L f. gt
=2 © ®EREALF_, ~ ¢, 'i %2 RRAILF,_,

100 100

K T RAAITE— -~ s - €,_0) aereatd
% A I:R.R.AILE‘,(_4 t Tt-17 %A B’RAILFt_4 {10)

__Where it is assumed that petiods t and t-1 have been chosen to avoid the
.oecurrence of strikes,

Equation (10) is the basie '‘Before and After' estimating equation. Setting
' th_e_ (Et -Et_l) term to zero and replacing all the unknown coefficients with their
gfhf;l&t?d values .fror'n the constrained equation, provides an operational

cehanism for estimating €1 {note that all of the %A's on the right hand side of
{10) are known when the estimation process is conducted in period (t+1)).
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An Analysis of the "Before and After Estimation Error
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the aggregate market;

aggregate market'
form of equation (

diffieult to assess the
error is ignored and the

and a data vector

Dy

Since time seties data exist for the Sydney suburban network there is
obviously no need for the application of

Instead, the methodology is considered
market segments for which patronage t
however, seasonal effects, trend effects and dyn
required for the market segment of interest.

approach is to assume that in these regards the m

applicable to the market segment.

To the extent that market segments do not ™eh
with 1egard to seasonal effeets ete.,
10} will promote error.
(analysis which of course is currently infe

of the disturbanee term in {10), and the error whic
estimate the coefficients in (10),

Subtracting the estim
from (10) provides the estimation error Et:

Y 13 %A RHDINC,
E =(e, ~-¢ = I {d.-d.)
t =8y "¢yt j=p 1 WERRAILF,,
12 %ARGAS, .
I -ep) 96.11\3;{'11\11,1;(_]l
i=2 ! ! t-4
, él s %AOTR, .
i=p 1 | BAREAILF,_,
N
100
* &Y grrRALT
by g
e 100
e y) gz RRAILT

Where a earet (") denotes an estimated eoefficient.

It is convenient to write (11) in a more e
a parameter estimation error vector:

P, o= [(31 - d)) (A ~dy) v (ﬁ-k)}

= [%A RHDINC, ; %A RHDINC,_

'‘Before and After' methods to that context,
as potentially useful for the analysis of
me series do not exist. For such analysis
amie economic effects are all
Since these are not known, one
arket segment behaves exactly ag

in this case the estimated form of equation (10) is equally

ave exactly as the
the use of the estimated
Without analysis of the market segment
asible because of data constraints) it is
extent of this error. Thus, in what follows, this souree of
foeus is on the error which arises because of the existence
h arises because of the need to

ated form of (10) with the disturbance set to Zero

t-4 an

oneise form using veetors. Define

2 TP
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Then {11) may be written as:

1 100

Et = gz RRAILF,_, Dy P~y -y %% RRAILF,_,

From (12) assuming (as is reasonable) that ¢, and €, _, are uncorrelated

'.with the elements of P the standard deviation of Et may be derived:

1 . ‘ 20y 2 | 3

“where 02( ) denotes a variance and V[ ]denotes a variance-covariance matrix.

- Before proceeding it is worth emphasising that (13) implies that the
‘precision of the estimation is direetly related to the magnitude of the percentage
change in the real rail fare; the greater the change the greater the statistical
precision.

: Now U(Et) is a population parameter and is thus unknown; it is estimated
by:

. 1 e ST+ 10020 e 1]
SEQ = [%ERRATLE], [ Dy V[ P]n 100" 5%

) .
where 52( ) denotes an estimated varianee and V denotes an estimated variance-
covariance matrix. Using this expression the precision of a single 'Before and
After’ estimate may be assessed by evaluating S(Et).‘

: The term sle,.) is the standard error of estimate from the constrained
regression and is thus readily available (0,0245). The vector D_’t is a data veector

which dependz on the period; here the data based on the period 1983.3 is used (the
Jnost recent data involving accounting period three). It is not hard to see that the
e_lements of [E’] are identical to estimated coefficient variances and covariances

from the constrained regression thus they are also readily available. Finally, a
%A RRAILFt_ 4 ©f 10% was selected. Based on these it is caleulated:

s(E ) = 0.4730

1983.3

o The significance of this result for the potential value of "Before and After
studies can be assessed by reference to the likely value of the parameter being
_estimated. Based on one very extensive review of the literature (Transport and
Road Research Laberatory 1980) it may be concluded that estimated urban public
:transport fare elasticities have rarely exceeded 0.7 in absolute value; for particular
market segments such as peak travel/work trips they have rarely exceeded 0.4 in
absolute value. , Relative to such magnitudes the standard error of estimate of




GALLAGHER

approximately 0.47 artived at here, is substantial Appealing to large sample
normality for example, permits the estimation that there is approximately a 30%
probability of making an error of in excess of 0.47 in magnitude; in comparisen to
the likely magnitude of the elastieity this would constitute a substantial error.

To summarijze the position, assuming a %A RRAILF of 10% and using the
pertinent data associated with the period 1983.3, the standard deviation of a
Before and After! elasticity estimation error is estimated to be approximately
0.4730. In comparison to the probable value of the true elastieity, this standard
deviation is substantial. This would be even more obviously the case had a real 1ail
fare change of less than 10% been eonsidered.

These results suggest that a single application of the 'Before and After!
methodology is unlikely to vield a tolerably precise elasticity estimate. This
conclusion is reinforced when it is recalled thal in this analysis an additional source
of error has been ignored; the error which arises in assuming that an aggregate
matket patronage equation is transferrable to a market segment.

An Analysis of the Estimation Error from an Averaged
Before and After' Estimation '

In this section an expression is derived for the standard deviation of the
estimation error from an averaged 'Before and After’ estimation, The derivation is
based on a specific set of assumptions emphasised below. The expression is used to

assess the precision of a 'Before and After’ estimation based on averaging the
estimates from several studies.

The estimation error from a single study condueted at time t is provided by _;':51:
equation (12):

1 100 :

= gripnans— DVP-{g,-¢, ) — YUY :
%ARR F “t - 1

A AlIL t-a t t =17 %A RRAILE",C_4 (12) rptd.

Assume that the veetor Dt is the same for all t (i.e. the percentage change-

in all variables is constant through time; a growing steady state assumption). Also:
assume that there is at leamst one aceounting period between each 'Before and :
After' study. Finally, assume that the same estimated trend effects, seasonal’

effects etc., ate used in each 'Before and After' study (i.e. the estimates are not
updated prior to each study). . '

Given these assumptions the covariance between the estimation error of &
onducted in period t, and one eonducted in peried s, may be detived from

study ¢
(12) as:

14)

g

1 .
B, B)= —— L  peylp
YOS % aRRAILLEE - H
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: The variance of the estimation error from a single study may also be
“derived from (12) as:

[12' v [P] D +100%(2) 02(5:}] (15)

Uz(Et) = P
%A RRAILF

Note that the assumptions ensure that the variance and covariances are
onstant, hence no time subseripts appear on the right hand side of equations {14)

nd (15)-

The variance of an average estimation error may in general be written as:

Y I
o] i -5 + 9 ET U(Et, ES)
n n- ts

t#s
whet'e n denotes the number of estimates averaged.

Given the ceonstaney of both the variance and the covariances this
expression can be rewritten as;

9
ZZEt _-ﬁji'MU(E,E)
o o= n n2 t' s

: Substituting for U(Et, Es) then provides:

D %A RRAILE2

n,

cz[z ]_ cerFJ ) ! D' v[rlD (16)

1 positive definite quadratric form so that V(ZEt/n) converges to a positive
‘constant.  Thuys, given these assumptions, the averaged estimation is not
statistically consistent, :

It may be noted that sinee V[P] is a variance-covariance matrix, D'V [P] D

. From (16) an expression for the estimated standard deviation of the
'erage error may be derived:

B . )

o [sz(E) R iy 5 D V['P] D]"‘
: s(EEt/n) =L n T T 0 %ARRAILF B
Of the terms in this expression, D' V[?] D was evaluated {using the data

period* 1983.3) in order to evaluate the magnitude of s(F) reported in the
OUs seetion, Hence, it is Possible to evaluate s(ZE_/n) for different values of
RAILF and of 1. Selected evaluations are reported in Table 7.




Table 7 Estimated standard deviations of the fare elasticity
estimation error from averaging the estimates provided by multiple

GALLAGHER

'"Before and After' studies

Number of studies

equation (14))
1ail fare,

emphasised that

results of multiple

CONCLUSION

disposable income,
effect on Sydney m

single period. For
income there is a

the effeet on pat:

involving chang

t=3

2 4 6 8 10 20 40 )]

1% 2.3 2.79 2.54 3.01 3.06 3.14 3.18 3.19
% change
in the
real rail
fare in
each study

10%  0.4046  0.3657  0.3517 0.3445 0.3402 0.3312 0.3267 0.333
The first row of Table 7 sugz

studies, based upon small percentag
estimation preeision.

being amplified by the
» Drecision deteriorates.

The second

estimation precision can be enhaneed by averag
studies. The extent of the enhancement however,
studies the estimation precision remains intel

sufficiently short to be usefut, is oper

On the basis of this analysis it is concluded

fare elasticity estimate.

'Before and After' study, it is coneluded that the use
unlikely to prove fr

In this studv, evidence has been

effeats differs appreciably across the vari
felt four periods after the change arises and th

sustained over several subsequent periods onee

periods. The details of the timing and magnitude of these eff
in Table 8, and Table 9
es in the determinan
estimates of seasonal and trend effec
and Fig. 3, the trend effect is summarise
of a 2.8% decline per annum is notably sim
reported elsewhere (Hensher and Bullock {1979

ests that a large number of 'Before and After!
e changes in the real rail fare, do not enhance
In faet, because of the positive correlation between errols
smallness of the percentage change in the real rail fare {see

tow of Table 7 indicates that for substantial changes in the 1eal
ing the results of multiple
is not substantial; even after 60
erably low. It should also be
of substantial fare changes over a period
ationally infeasible.

a large number

that the averaging of the
'Before and After' studies js unlikely to yield a tolerably precise
Given the results in the previous seetion for a single

of 'Before and Afte:” studies is
uitful for fare elasticity estimation. .

provided that real rail fares, 1 eal household
real petrol prices and 'on time running’ each has a detectable
etropolitan accounting period rail patronage. The timing of the
ables. The real rail fare effeet is first
e entire effeet is confined to &
price of petrol and real household disposable
d response, however, the eventual response is
it has arisen, For 'on time running'
onage is immediate and is sustained for several subsequent
ects are summarized
provides the patronage response for various seenarios
ts of patronage. This study also provides
ts. Seasonal effeets are presented in Table 3
d it Table 6. The estimated trend effeot
ilar to the 2.1% per annum decline

M.

both the 1eal
similar delave

36




DYNAMICS OF RAIL PATRONAGE

. With regard to the potential value of market segment 'Before and After'
fare elasticity studies, the empirical results of this study suggest that they are
sSunlikely to be fruitful, In addition ‘go the meyltable error whieh arises in
transferring trend, seasonal and dynamic economic effect estimates from the
goregate market to the market segment, this study suggests that there is a
substantial probability of significant erior in a 'Before and After’ estimate arising
i The results of this study
e significantly reduced by averaging the

-estimates from muitiple "Before and After! studies,

Table 8 Suburban patronage response to changes in some of the
determinants of patronage

No. of accounting No. of aceounting Estimated % change
periods before perieds after in accounting period
patronage which no further patronage for a
response detected patronage sustained 1% increase
response deteeted in variable (i.e. the
Tong run' elasticity)

~0.2053
0.7902

Real household -0.5953

. disposable
neéome index
% of trains
o more than
‘mins Iate

0.7680

te: Patronage is measured in passenger journeys.
' Table § Patronage responses for seleeted seenarios

Patronage response

Trains run on time (i.e. 'on time 10.5% inerease
running ineresses from the 38%
average for 1983-84 to 1009%)

Qn time running performance 4.4% increase
Improves from 1983-34 average of

' 88% to 93%

A permanent single 10% inerease 2.0% reduction

In the real rajil fare index
Rea? household income increases 1.5% decline per annum

‘at a rate of 2.5% per annum

A permanent 5% inorease in real 3.9% increase
- Petrol prices

A permanent 5 decrease in real 3.9% decrease
betrol prices

- Al scenarios are on & 'ceteris paribus' basis. On time running refers to the
?etr‘centage of trains in the metropolitan area no more than five minutes
ate. -
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This study coneludes with & comment on the omission of some determinants of
patronage. The focus here has been on patronage determinants which lend
themselves to the econometrie time series approach; an approach which was
adopted because of its suitability for the Investigation of dynamic relationships,
This has meant that because of data constraints, or because of their unsuitability
for this approach, some likely determinants of demand have been neglected;
advertising, the incidence of vandalism, the cleanliness of trains and stations,
timetable changes, changes in rollingstock, eentral business district employment,
demographie changes ete. Such variables may serve to explain the trend Ip
patronage identified in this study. Furthermore, whilst there js no reason to
believe that sueh omitted variables are strongly correlated with the explanatory
variables in this study and hence undermine its statistical validity, the known
omission of variables must always serve to qualify the results of any econometric
study.
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pPﬁNDm IMPULSE AND STEP RESPONSE FUNCTIONS
p———

Table 1 Estimated on time running' impuise
response funetion

Coefficient statistie

0.2885 - 2.9787
~-0.6775 -0.8103
0.1128 1.1798
-0.1045 -1.0530
-0.0219 -0.2353
0.0719 0.7731
~3.0834 -1.0125
0.2268 2.4136
-0.0596 -0.6272
0.0544 0.5795
0.1272 . 1.3165
0.2623 ___3.0017

Note: The reported t statistie is the appropriate statistie to
test the hypothesis that the coefficient is zero.

Pt p
b= DD 00 ST RN G DD e D

Table 2 Estimated on time running step
response funetions

t statistie

0.2685 2,.9767
0.1909 1.9234
0.3038 2.5401
0.1835 1.5989
0.1774 1.3601
0.2493 1.7204
.1559 1.0076
0.3827 2.3223
0.3231 . 1.8398
0.3785 2.0110
0.5057 2.1553
0.7680 3.4791

Note: The reported t statistie is the appropriate statistic to
: test the hypothesis that the sum of the coefficients is
Zero.

Sum of
estimated
coefficients:

0toD
Oto1l
0to2
0to3
Otod
0to5
0toB
0to?7
0to8
0to9
0to 10

=]
o+
o

et
[
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impulse response funetion

Table 3 Estimated real price of petrol

Coefficient t statistie

2 00,7137 4,0453
3 ~0.2057 -0.9418
4 0.0051 0.,0231
5 0.1434 0.5496
6 ~0.3495 -1.6037
Lag: 7 0.2966 1.3628
8 -0.1981 -0.9181
9 0.1430 D.6822
10 -0.6202 -2.8835
i1 0.5882 2.7732
12 0.2688 1.7080

Note: The reported t statistic is the appropriate statistie to
test the hypothesis that the coefficient is zero.

Table 4 Estimated real price of petrol

step response funection

t statistic

2to 2 0.7137 4.0453

2to3 0.5080 2.7916

2to4 0.5131 2.8552

2to 5 0.6565 3.4175

Sum of 2toB 0.3069 1.6037
estimated 2107 0.6036 3.1655
coefficients: 2to8 0.4054 2.0509
2to 9 0.5534 2.6759

) 2010 -(.0868 ~0.30869
2to 11 0.5214 2,1854

2to12 0.7902 4.1055
Note: The reported t statistic is the appropriate statistie to
test the hypothesis that the sum of the coefficients is

Zero.,

With the exception of one term in each function, the terms in the resl
household disposable income impulse response function and the step response
function are statistically insignificant. Hence, they are not reported.
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