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Abstract

Productivity growth in Australia’s railways throughe 23" Century was neither smooth
nor uniformly positive. It was static or fallingrf much of the century, before increasing
rapidly with dieselisation and the rise of minertisffic. This paper uses regression
analysis to develop an understanding of the factdigh drove productivity growth
throughout the 2B Century, using a unique dataset developed at &mér€ for Research
in Applied Economics at Curtin University. It aimet only to understand the growth of
rail in the 20" Century, but also to provide lessons for policyerakabout what can assist
it in continuing to grow in the 21

Introduction

In 1995 a team from the Institute of Transport &sdat the University of Sydney
published “A Comparative Assessment of the Prodgitgtof Australia’s Rail Systems
1971/72 — 1991/92". It concluded:

“Given the growing importance of productivity mesmment for both improved
decision-making within the rail enterprises and fon-going monitoring of
performance by regulators, the importance of th@daas only now beginning to
be appreciated fully (Hensher, Daniels & DeMellow, 1995, p221)

Almost 15 years later, there have been no furthetias of rail productivity in Australia

reported in published sources, apart from thatefRroductivity Commissions’ Inquiry

Report of November 1999. This outcome is curiagisen the significance of the

transport industry to Australia of transport in geal and of rail in particular. It is even
more curious given the major structural changesosed upon the industry by
policymakers during these 15 years. This paperalrs to begin to respond to
Hensher et al’'s (1995) exhortation by examiningdex contributing to the productivity

of Australia’s railways through the @entury.

Section Two of the paper explores the analyticamigwork of the analysis. Section
Three discusses the data used. Section Four descibe modelling and results, and
Section Five concludes.

Analytical Framework

This paper explores total factor productivity iretbontext of the Australian railways,
using a Torngvist measure (TTFP). These indiceggproduced in Figure One, which
shows productivity growth in the railways over ttwrse of the Twentieth Century. The
paper follows on from an earlier paper where TTHEasures were developed for the
seven publicly-owned railways in Australia (Willehkhson, 2008), and the reader is
referred to that paper for further details on hoe index was calculated. Here, we seek



to explore what has driven productivity by regregsiTTFP against a number of
explanatory variables.

The paper is not the first to explore productiviltythe context of the railways. Tae,
Waters & Chunyan (1999) carried out a review of rdway productivity studies
conducted in the interval between the end of WoMadr 1l and 1996. Apart from the
Hensher study referred to above, and two othelietuchdertaken by Australian railways
all of these studies were carried out in Europe Hodh America, principally in the
USA. Tae et al (1999) grouped the studies into gnaups according to the technology
of their methodologies. The first consists of g#gdvhich used Index Number or Data
Envelopment Analysis procedures to produce prodiigtand efficiency measurements.
The second group consisted of those using econmnmatidels. Over a quarter of the
subject studies used Divisia-Torngvist index apphodo measuring total factor
productivity in the same manner that we have dare.h

The Australian literature is much more limited, fggirestricted to essentially three
papers, by Hensher, Daniels & DeMellow (1995), bsuriker (1992) and by the
Productivity Commission (1999). The study reported by Hensher and his colleagues
(Hensher et al 1995) use the productivity measereldped by Caves, Christiansen &
Diewert (1982) which allows a comparison acrossndir rather than the Tornqvist
measure used here which focuses on each railwayelolt plotted variations in
productivity of railways in each of the five mainth state’s systems over the period
1971/72 to 1991/92. It proceeded to look for causethese variations in terms of
technical change on the one hand, and managememgehon the other. The
technological change variables they found to beio@nt were the introduction of extra
long freight wagons and containers, the introduciod automated points and turnouts,
the major extension of electrification (especialypburban systems), the introduction of
centralised train controls, and the introductionfibfe optics in communications. It
should be noted that what makes it difficult to pame these conclusions with this study
is that its timeframe excluded the changeover fst@am to diesel traction. As we have
done, the study used the isolation of breakpointtheir series to identify changes in
management as well as relevant structural changesir key conclusion is that

“... there is strong evidence that South Australi&sstralian National and
Queensland’'s Queensland Rail have benefited sulisitgrby good management
direction, giving these railways a productive edgeer the rail systems.”
(Hensher et al, 1995, p221)

! Table 2 in Tae et al (1999) refers to studiesrotipctivity trends carried out by the State Raitharity
NSW for the period 1981 — 91, and by the AustraNitional Railway Corporation in respect of theiper
1979 — 91. Neither of these studies is includetthénlist of references of the Tae study, nor hey t
referenced in the Productivity Commission’s Repdilovember 1999. Because of the relatively short
time-frames covered by these two studies, we havsaught to examine them.

2 The index of Caves et al (1982) takes an averalye\across all firms studied as its base, wHikst t
Torngvist index has its base in an observatiorrofipctivity at a given firm (usually the first ygar
Unless two firms have identical productivity in thiease years, one can obviously not compare tliegés
directly across firms. Wills-Johnson (2008) alsastructs a productivity index using the methodyplof
Caves et al (1982) and the same data used to gontie TTFP here.



Our conclusion is generally supportive but it bédgs question of whether or not there
were changes in political direction which allowedamagements greater discretion,
competently deployed.

Brunker (1992) uses a shorter timeframe than Hersthal, (1979 to 1988) and focuses
only upon Australian National (CR/AN). He also focuses upon the methodological
guestion of how to estimate productivity when sdawors of production are not being
optimised due to forces beyond the control of tha fn question. For CR/AN, this was
its community service obligations and its stafflagels. Whilst the paper provides some
useful insights into the effects of these factarsacsingle railway, it does not cover the
breadth which we wish to explore here.

The Productivity Commission’s enquiry (Productivifpmmission 1999) was even more
specific in its objective than was that of Henskerl (1995), and was very limited in
scope and objectives compared to this study. utpgse was “to provide an assessment
of the economic performance of rail transport instkalia within a broad international
context”(Productivity Commission, 1999, p1) over the ped®&0 to 1998.

Its conclusions were not particularly incisive. ctincluded that there was a significant
gap between the performance of Australian railwagsg best practice standards, an
unknown proportion of which were due to differenaesechnical efficiency, as distinct
from the structure of markets. It further conclddieat (ibid. p65).

“Improvements in performance thus far have coindidéth substantial reform
of the Australian rail industry ... the recent natuwfemany reforms means that
their full impact would not yet have been realiseddowever, it is more than
likely that reform has had a positive impact onfpanance.”

A more recent study of Australian railway produttyivhas been conducted by the
Apelbaum Consulting Group (Australian Railway Agation, 2004). However, this
study is not longitudinal; where it makes compargsover time, it is generally in two
successive years. As a snapshot in time, it isglevant to this study.

% Gunn (1989) has an account of what he sees a&pbtionstraints to effective railway management.
* Australian National was, until the early 1970spkm as Commonwealth Railways. Thus, here we make
reference to CR/AN.



Figure One: TTFP Growth in Australia’s Railways — 1901 to 1992
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Description of Data Used

The international literature points to a numbefaaftors which might drive productivity.
In particular, Chapman & Martland (1997) provideuseful categorisation into four
groups of factors:

» Economics of traffic density.

* Technical improvements.

* Network rationalisation.

» Equipment productivity.

To these, we would add demand-side factors whictt shilway operations to more
productive fields. This is especially importantAostralia, where the railways went from
being universal service providers to focussing amower niche markets which played to
their productive strengths, like minerals freigliiso, Chapman & Martland (1997) were
writing for the US context, where the railways dahd data available on their operations,
are rather different than is the case in Australihis thus limits to some extent the
degree to which their framework is translatableamoAustralian context. The first two
factors are translated with relative ease; traffensity can be measured by train
kilometres per route km, and indeed this measuseltiag been used by Australian
railways. The most important technical improvemerside by the railways is arguably
the switch from steam to diesel locomotives, anctaggure this in the model.

Network rationalisation and equipment productivétse more problematic, because in
Australia they are both influenced by very differstructural and regulatory regimes to
those in the US. In both Australia and the USrdheave been significant branch line
closures. In Australia, particularly in recent éisnp branch line closures have been part of
government owners’ response to increasing cosspres on lines no longer regarded as
commercial and which were not subject to politimassures to remain open. In the USA
the Staggers Acbf the early 1980s encouraged branch line ratisatidn by private
sector railway owners influenced only by commercahcerns. Unlike Australia, this
led to development of so-called “short line” opernas — the formation of narrowly and
locally focussed railway corporations operatingpater standards than the USA’s Class |
railways, rather than abandonment of the linesocantinuing to be operated inefficiently
by a larger railway. Neither Australian railwayesgtors, nor policymakers, seem to
have absorbed the lessons of short line railwaysating branch lines. In the case of
equipment productivity, Australian railways routynenade use of old, less productive
assets for decades longer than was commonly tleeicdlse US. This is because capital
budgets for new equipment had to be approved bjapants, which rarely did so, and
the railways thus maintained old assets well gaet use-by date. In the process, some
capital expenditures were funded as operating cddte base for assessing capital
productivity in government —owned railways is thueblematic.

The remaining factors considered, apart from shegksroductivity captured in a series
of dummies, are demand-side factors. In particwarexplore whether the shift towards
more intensive minerals traffic has increased pectidily, and whether an increase in
passenger traffic decreases it.



All of the data are presented as Laspeyres indicemjatch the form of the dependent
TTFP variable and, like that variable, are givealug of one in 1901 (1922 for CR/AN).
The data themselves, with the exception of popmratind GNP variables, have been
sourced from the Australian Railways database,laai from _http://tiny.cc/ozraibnd
are described therein. Before using the data, ese it for stationarity, and test the
models for structural breaks. The process follovgequite involved and is discussed in
an appendix. We found that all of the variables rawn-stationary, which we address by
including an error correction term from the cointgong relationship between the non-
stationary variables. We also find structural kseen the series for Queensland, South
Australia and Tasmania and, since it was not clelaether the breaks were in the
intercept, the slope or the long run relationskip, estimate each subsample separately.
Details on each of the variables are provided below

Staff Numbers (STF)

Number of full-time staff employed per annum. Aluetion in staff numbers during the
1980s, when many railways halved their number ofkexs, was an important factor in
improving productivity into the 1990s, and hence examine how staffing levels were
associated with productivity throughout the centuRull-time equivalent staff would be
a more appropriate measure, but such data are ilatdga The prior on this variable is
negative.

Density (DEN)

Measured as the number of train kilometres perer&at, density is essentially a measure
of how intensively the railway is using its beloaitrinfrastructure, and reflects the first
of Chapman & Martland’s (1997) factor groupings.slalso often used as a measure of
economies of scope for railways. The prior exgemtaon this variable is positive, as it
seems unlikely that Australia’s relatively lighttyavelled track would have reached
economies of density.

Passenger Journeys (PJ)

The number of passenger journeys made in a yelais rniay have a positive or negative

influence on productivity. If more passenger jays are made using existing rolling

stock, then this could increase productivity. Hweare passenger trains are usually given
absolute priority over freight trains on rail netk® in Australia, meaning that a freight

train might be required to wait for hours in a pagdoop so that a passenger train can
maintain its schedule. To the extent that freighins are a more productive use of a
railways overall assets, and to the extent thateaging passenger journeys crowd-out
freight trains, this may result in a decrease odpctivity.

Proportionate Increase in Passenger Train km (PASS)

This variable endeavours to capture the effect ioeed above whereby passenger trains
displace freight trains. It is constructed by dikg an index of passenger train km by an
index of all other train km. The expectation isittlhis variable will have a negative
coefficient; that a railway substituting freightaitn km for passenger train km will
experience a reduction in productivity.



Proportion of Train Kilometres Accounted for by Steam Locomotives (SP)

Perhaps the most pervasive technical change inrdieays during the Twentieth

Century was the shift from steam to diesel. Didsebmotives are much more efficient
than steam. They require fewer staff to operagnmttand have lower fuel expenses.
They are also more easily maintained, and requitehniess work to prepare for use.
Lee (2007) has much more detail on the sourcegadfugtivity gain from the use of

diesel locomotives, and these efficiency gains waegnified in Australia due to the

rather dilapidated state of much of the steam f{&inn, 1989). It would thus be

expected that, in the roughly 20 years from 19509G0 when Australian railways

undertook the switch from steam to diesel, thatdpotivity at these railways would

increase rapidly. Indeed, this is what we seeafy large, in Figure One. Since this
variable measures the proportion of train milesoanted for by steam locomotives, the
prior expectation on the sign of its coefficienhegative.

Minerals Tonnage (MINT)

This variable measures the tonnes of minerals Hable the railways. Net tonne

kilometres would have been a better measure, legettvere not available for most of the
railways prior to World War Two. Since mineral® arsually hauled in unit trains, the
most efficient form of freight transport, an incseain minerals traffic, ceteris paribus,
should increase productivity. Thus, the priortfas variable is positive.

Proportionate Increase in Minerals Tonnage (MIN)

Since gross increases in minerals tonnages migasseciated with all freight increasing,
rather than minerals traffic coming to greater prence, we also explore a proportional
measure, similar to that used for passenger tralfmve. This variable is constructed as
the index of minerals freight tonnages divided g index of all other forms of freight
haulage. It is expected to have a positive caefiic

Real GNP (RGNP)

This variable captures economic growth over théopgeainalysed. GNP was used instead
of GDP, because GDP figures were not availabléferwhole time period. The figures
from 1900 to 1960 are from Butlin (1962) and thgufes from 1960 are from the ABS
(various years). All figures are expressed in 6392 dollars. It is not clear what the
prior on real GNP should be. On the one handhagtonomy grows, one would expect
rail traffic to increase as well. However, thetbig of Australia’s railways has been one
of losing modal share to road in the post-war kridlso, the GNP figure is a national
figure and, to the extent that growth in a statwes by a railway differs from national
growth, this variable might not be strongly corteth with productivity. This is
especially the case for states like WA and Queedshahere minerals booms can result
in periods where state growth and national growghgaiite different.

Population (POPN)

This is the population in each state, and for Aalstras whole for CR/AN (all indexed).
Like growth in the economy, one might expect pofofagrowth to result in greater
opportunities for the railways (it may in fact fomnweak proxy for state-based economic



growth) or, alternatively, if people eschew rail fmther modes of transport, then the
coefficient may be negative.

Real Revenue (RREV)

This shows real gross revenues for each of thevagd in each year. Real revenues are
used in lieu of profits because the profit statetmeh Australian railways are often not a
very good guide to performance. As organisatiomsenl by their State governments, the
railways remitted profits to State treasuries, amckived funds for capital investment
from them. However, since the latter were often foothcoming, the railways would
often retain earnings to fund maintenance of agagher than replacing them for want of
sufficient capital grants. Real revenues coulgbsitive or negative in their impact on
productivity. The railways often pursued growthservices with high public benefits,
but little revenue. Even if they did so produclyeone would thus not necessarily
expect revenue growth to be positively correlatéth wroductivity growth. However, as
Butlin, Barnard & Pincus (1982) note, a lack ofds®n revenues can also lead to a lack
of focus on costs and thence to an inefficient agenputs, which would reduce
productivity. Thus, a growing railway not payingtemtion to revenues may in fact
become less productive over time as it uses ietassss efficiently.

Dummy Variables

Dummy variables are used to capture some key eventhe history of each of

Australia’s railways. These were:

*  WAR: given a value of one for each year of thetRarsd Second World War (when
rail assets were used particularly intensively) agch otherwise.

* OIL: given a value of one from 1972 to 1981 andozetherwise, the variable is
intended to capture a period of very high inputt ¢goBlation coupled with fares and
charges kept constant as part of government ingigtto combat inflation. The
period resulted in massive debt increases for dlalbef Australia’s railways.

 WEBB: In 1923, William Webb, an American, was enya@d at great expense as the
Commissioner of the South Australian railways. Weabmediately embarked upon
a major programme of reform and modernisation. s Teform, which Webb made
little effort to sell to local stakeholders, wastibwery costly and deeply unpopular
(see Jennings, 1990). The high costs associatdd new capital purchases and
upgrades lead, unsurprisingly, to an immediate dngproductivity in the middle of
the decade as the railway became over-capitalisébb managed to claw back
some of this productivity loss through applicatimhimproved operating procedures
during the latter part of the decade, but whenefiedffice in 1930 these unpopular
management reforms were immediately reversed. \&fihensive infrastructure
additions but without the operational proceduresniake best use of them, South
Australia’s railways stagnated for almost 50 years.

« ELEC: In 1915, Melbourne began electrifying its ambrail network. Sydney
followed in 1927, and Brisbane in 1979. This dumwayiable endeavours to capture
productivity increases related to this electrificat

* AN: In 1978, AN absorbed the railway operationsSoluth Australia and Tasmania,
resulting in a massive decrease in its productiwityich it began to claw back in the
early 1980s. This variable is zero prior to theetaver in 1977 and one thereafter. It



picks up, in a rather crude fashion, the changed tctcurred in the railway
consequent to the takeover, and is used in lieustfuctural break, because there are
insufficient observations after the break pointrmoust estimation.

Modelling and Results

The relationship between TTFP and the nine of tkgamatory variables above was
modelled using an error correction framework wrseparates out the short-run from the
long-run reversions to trend by use of a cointeggatvector to account for non-
stationarity in the datd. Most of the railways exhibit homoscedasticity amml serial
correlation, but for those exhibiting heterosceidédgt White’s (1980) heteroscedastic-
consistent covariance matrix was used, and foretleodhibiting serial correlation (only
Victoria and WA), Newey & West's (1987) covarianestimator for models containing
autocorrelation was used to obtain consistent t®$ol the estimated parameters. Where
there is evidence of structural breaks (Queens|&odth Australia and Tasmania) the
sub-periods are estimated separately. Modelling wadertaken using SHAZAM
(Northwest Econometrics, 2004) and, where struttueaks occurred, each sub-sample
was modelled separately. Model diagnostics, inolyicheteroscedasticity and serial
correlation results, are presented with each model.

Table One presents the results for NSW.

Table One: NSW Regression Results — 1901-1992

Variable Coefficient t-ratio

STF -0.2054 -3.7330

DEN -0.0413 -0.2555

PJ 0.1098 3.3230
PASS 0.0752 0.8446

SP -0.4933 -2.2320
MINT 0.1578 4.5410

MIN 0.1543 5.0540
RGNP 0.1032 2.9040
POPN - 0.7543 -2.7600
RREV -0.0746 -1.2830
LECV 0.7909 9.8080

WAR 0.0119 0.2481
ELEC 0.0186 0.1647

OIL 0.0626 0.8301
CONSTANT 2.1923 4.8410
Diagnostic Test Results H eter oscedasticity Tests
Durbin-Watson 2.0173 e”2 on Y-hat 7.4220
R-Squared 0.9832 e”2 on (Y-hat)*2 6.0280
Adjusted R-Squared 0.9801 Arch (Engle (1982) 00
Log of Likelihood function | 68.5406 Harvey (1976 22.8700
F-Test 321 Glejser (1969) 40.9740

® The dummy variables and the SP variable werenutwdled in the cointegrating framework. The former
are zero one and the latter ranges between zerorendand hence cannot by construction be non-
stationary.



The results accord, for the most part, with exgema. Staffing levels are inversely
related to productivity, which suggests that staffuctions are associated with improving
productivity, particularly in the 1980s when stegfiuctions were largest and associated
with major improvements in productivity. Note aldwe relatively large and negative
coefficient associated with the SP variable; cleaHe switch from steam to diesel had a
substantial impact upon the productivity of NSWwalys.

Both of the minerals traffic variables are positared significant, highlighting the way in
which minerals traffic underpinned post-war raibguctivity in the NSW railways.
Passenger journeys are positive and significaritthmi proportional passenger variable,
although positive, is not significant. This suggethat passenger growth increased, but
only at roughly the same rate as overall traffiovgh. GDP also has a positive
coefficient, suggesting that the railways grewhasrational economy did so.

Population and real revenue both have negativeficesits. In the latter case, the

coefficient is not significant, but we might condtithat revenue was not tied particularly
strongly to productivity. This does not seem usogble given the way in which the
railways were operated on a public service basisrant for profit. The former, is less

clear. It might be reflective of the fact that péggion grew in NSW in areas not served
by rail, and hence provided no impetus for moralpobive rail services.

Table Two presents the results for Victoria.

Table Two: Victoria Regression Results — 1901-1992
Variable Coefficient t-ratio
STF -0.2899 -3.633
DEN 0.1963 1.213
PJ 0.1531 2.895
PASS -0.0009 -0.014
SP -0.4338 -2.601
MINT -0.0290 -2.478
MIN 0.2071 3.556
RGNP 0.0177 2.391
POPN -0.1033 -0.688
RREV -0.1249 -4.661
LECV 0.5810 6.081
WAR -0.0139 -0.4162
ELEC -0.0941 -2.001
OIL 0.0239 0.5467
CONSTANT 1.4368 4.886
Diagnostic Tests Heter oscedasticity Tests
Durbin-Watson 2.3606 e”2 on Y-hat 8.7950
R-Squared 0.9406 e”2 on (Y-hat)"2 8.1500
Adjusted R-Squared 0.9298 Arch (Engle (1982) 3@M
Log of Likelihood function 101.1310 Harvey & 35.2320
F-Test 87 Glejser (1969) 44,9890




In terms of staffing, passenger journeys and stéhenyesults are similar to those for
NSW. The minerals results seem at first glandeet@nomalous; mineral tonnages have
a negative effect whilst the proportional growth rafnerals freight tonnages has a
positive effect. This may simply reflect an impeation in the model. Alternatively, it
may reflect the fact that all freight, including marals, grew at a slower rate than
productivity (and declined at points when produtyivincreased), but that minerals
freight growth was closer to productivity growthiesithan were other freight types.

Revenues too, have a statistically significant tiggacoefficient. This is suggestive of
inefficient growth on the part of the Victorian lveay; rather than providing more

services which the system could perform efficiemityl divesting itself of services which
it provided inefficiently, the Victorian railwaysidlthe opposite. In contrast to NSW,
density here has a positive coefficient, but imas significant (the same as NSW). This
suggests, perhaps, that neither railway was madarfficient use of its infrastructure for

density to be an important part of the productivatyuation. Finally, the coefficient for

electrification is negative, suggesting that eigdtrg Melbourne’s suburban rail network

decreased productivity. This finding is anomalobstf it may be driven by other

underlying factors which differentiate the Victori@ailways prior to and post the First
World War, when electrification began, but for whiwe do not have data.

Queensland’s railways have two structural breakable Three refers to the period prior
to 1950, whilst Tables Four and Five refer to tleeiqus from 1950 to 1970, and post
1970 respectively. Roughly speaking, the firstiqueis one of decline for the railway,

the second encapsulates the advent of diesel,tvindghird covers the period when coal
traffic became increasingly important for Queend|&ail.

Table Three: Queensland Regression Results — 190950

Variable Coefficient t-ratio

STF -0.1490 -3.8850
DEN 0.2260 1.3710
PJ -0.1183 -3.4640
PASS 0.0482 0.5583
MINT -0.2696 -3.8880
MIN 0.0654 1.6850
RGNP 0.3231 6.4920
POPN -0.7611 -5.6470
RREV -0.0052 -0.1426
LECV 0.4220 3.0470
WAR 0.0102 0.3403
CONSTANT 1.7204 8.467
Diagnostic tests H eter oscedasticity Tests
Durbin-Watson 1.8909 e”2 on Y-hat 2.099
R-Squared 0.9358 e”2 on (Y-hat)*2 1.763
Adjusted R-Squared 0.9172 Arch (Engle (1982) 0.992
Log of Likelihood function | 61.4419 Harvey (1976) 583

F-Test 50.348 Glejser (1969) 3.715
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In the period shown in Table Three, productivity Queensland’s railways declined
initially, and then sat in a trough for decadese Tiegative coefficient on staffing reflects
the fact that staff numbers in fact increased dytins period, whilst productivity did not.
The negative coefficients on population, passepgemeys and minerals tonnages is
suggestive of a phenomenon similar to that in \fiatanefficient growth. However, in
Victoria, positive coefficients on one (each ) bietpassenger and minerals traffic
variables suggests that inefficiencies were assatiavith other haulage tasks (most
likely small parcels services, which are particiylanefficient), but in Queensland prior
to 1950, the negative coefficients for both paseerapd minerals freight suggests the
inefficiencies were across the board.

Table Four: Queensland Regression Results — 1950710

Variable Coefficient t-ratio

STF -0.1221 -1.6190
DEN 0.2467 1.0330
PJ -0.0952 -0.7634
PASS 0.5662 1.7270
SP -0.5118 -1.6930
MINT 0.1710 4.5660
MIN -0.0014 -0.0717
RGNP -0.0528 -0.9329
POPN -0.5515 -2.1390
RREV -0.0175 -0.5792
LECV -0.7313 -2.8580
CONSTANT 2.3693 1.9170
Diagnostic tests Heter oscedasticity Tests
Durbin-Watson 2.0444 e”2 on Y-hat 0.204
R-Squared 0.991 e”2 on (Y-hat)"2 0.204
Adjusted R-Squared 0.9801 Arch (Engle (1982) 0.004
Log of Likelihood function | 45.6453 Harvey (1976) 976
F-Test 90.495 Glejser (1969) 9.9

During the period from 1950 to 1970, minerals tafflas beginning to grow, and the
conversion from steam to diesel took place. This lse seen in the negative coefficient
on steam and the positive coefficient on mineralsnages. The coefficient on the
proportional growth of minerals freight is negativaut it is not significant, which
suggests that, although minerals are beginning@toie an important freight task during
this period, they are yet to fully underpin theguotive operations of the railway, as they
later did. Note the now non-significant coeffidiean staff numbers. Queensland was
reducing its staffing numbers during this perioad & would seem that this was having
an effect on productivity insofar as excess staferbecoming less of an issue. This is
confirmed during the following period (see tabledji Note also the switching signs on
the coefficients of the mineral freight variabldsormerly, Queensland was like Victoria
in terms of its minerals freight, now it is movingre towards NSW.
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The other interesting aspect of this period isrtbgative, but not significant coefficient
on steam, which suggests a rather weak respongmductivity to dieselisation. This
may be because much of the network in Queenslasdnatisuited to diesel. Much of
the Queensland system was designed to take lighirdrequent traffic at low speeds,
and it took some years to replace these lines hmés of sufficient strength to carry the
faster and heavier loads facilitated by dieselisa{isee Kerr, 1998, for more details).
Hence any productivity benefits inherent in dieeglomotives were stalled whilst the
infrastructure caught up with the rolling stock.vels now, this replacement process is
incomplete. This means that Queensland Railway® et been able to take full
advantage of the productivity improvement poterdfadieselisation.

Table Five: Queensland Regression Results — 1970929

Variable Coefficient t-ratio

STF -0.1307 -0.7240
DEN -3.2569 -11.8200
PJ -0.3202 -6.9800
PASS 0.8517 0.7405
MINT 0.0565 8.3740
MIN 0.1422 6.3420
RGNP -0.1392 -4.8220
POPN 0.0510 0.3313
RREV -0.0820 -2.4090
LECV -0.9821 -2.4260
ELEC -0.0128 -0.2712
OIL -0.0499 -1.1450
CONSTANT 7.5256 8.7170
Diagnostic Tests H eter oscedasticity Tests
Durbin-Watson 2.6402 e”2 on Y-hat 0.14
R-Squared 0.9967 e”2 on (Y-hat)"2 0.142
Adjusted R-Squared 0.9918 Arch (Engle (1982) 0.09
Log of Likelihood function | 33.036 Harvey (1976) 8&8
F-Test 201.682 Glejser (1969) 8.112

From 1970 minerals became the dominant haulagedafueensland’s railways, with
coal being the most important mineral. This ideekd by the positive and significant
coefficients on both minerals traffic variables, amportant change from previous
periods. Staffing is still negative, but it is femger significant, which is suggestive of
productivity gains from reducing staff having laygbeeen played out by 1970. In fact,
from 1975, Queensland Rail started increasingdt sumbers again. Also of interest is
the negative, significant coefficient on passerngerneys, which is perhaps reflective of
the fact that passenger journeys in this periocbagenning to constrain more productive
coal and minerals traffic. One seemingly anomalmsailt is the very large negative
coefficient for density. In all likelihood, thisomts to some problem in model
specification for the Queensland railways, butigmh also reflect diseconomies of scope.
That is, as Queensland Rail began to focus morerammd on coal haulage, the degree to
which it could integrate this task with its othasks was reduced.

13



South Australia has a structural break at 1950, hedce two sets of results are
presented. Table Six covers the period to 1950lsiviiable Seven covers the period
from 1950 to the takeover of South Australia’sways by CR/AN in 1977.

Table Six:  South Australia Regression Results — 1901950

Variable Coefficient t-ratio

STF -0.0555 -1.6490
DEN 0.2127 2.6080
PJ -0.0428 -0.9083
PASS 0.0269 0.9397
MINT 0.0710 1.4950
MIN -0.0397 -1.4350
RGNP 0.0160 0.5858
POPN -0.0980 -0.5241
RREV 0.1973 2.6230
LECV -0.1030 -1.2170
WAR 0.0784 3.3660
WEBB 0.5792 10.8800
CONSTANT 0.2784 1.2530
Diagnostic Tests H eter oscedasticity Tests
Durbin-Watson 1.9767 e”2 on Y-hat 6.702
R-Squared 0.9748 e”2 on (Y-hat)"2 6.988
Adjusted R-Squared 0.9667 Arch (Engle (1982) 0.043
Log of Likelihood function | 77.1646 Harvey (1976) .926
F-Test 119.468 Glejser (1969) 16.146

As with Queensland during the same period, a dediproductivity is associated with
rising staff levels, leading to a negative relasioip between the two variables. However,
the fact that the staffing coefficient is only digrant at the ten percent level may point
to over-staffing being less of an issue duringftst half of the century. A very strong
negative equipment productivity (following Chapm&nMartland, 1997) effect can be
seen in the Webb dummy; Webb’s overhaul of the ISduistralian railways and the
subsequent discontinuance of his reforms had aopndly negative effect on the
productivity the railways had formerly been enjayin Unlike many of the other
railways, both density and revenue are positivaclwperhaps reflects the fact that, early
in the century, railways were profitable, and agimg economies of density. War was
also good for South Australia’s railways. Howeveeither passenger nor minerals
transport seems to have had much of an impact tgorailway’s productivity.
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Table Seven: South Australia Regression Results 930-1977

Variable Coefficient t-ratio

STF -0.3597 -4.0190
DEN -0.0882 -1.0970
PJ 0.5212 4.2170
PASS -0.3637 -5.2700
SP 0.3932 3.0780
MINT 0.0870 2.1730
MIN 0.0197 0.6612
RGNP 0.0028 0.1336
POPN 0.6585 3.0680
RREV -0.1289 -2.3400
LECV 0.1820 1.1400
OIL -0.2193 -2.6870
CONSTANT -0.5614 -1.8460
Diagnostic Tests H eter oscedasticity Tests
Durbin-Watson 1.9921 e”2 on Y-hat 0.575
R-Squared 0.9876 e”2 on (Y-hat)"2 0.339
Adjusted R-Squared 0.9769 Arch (Engle (1982) 0.327
Log of Likelihood function | 56.0758 Harvey (1976) 331
F-Test 92.605 Glejser (1969) 23.461

The period after 1950 shows some interesting resuRerhaps the most glaring is the
coefficient on the proportion of train km operatgdsteam locomotives, which is in fact
positive and significant. This suggests that SoAtrstralia’s railways were more
productive with their steam locomotives than therav with their new diesel
locomotives. It is perhaps reflective of the ve@gor state the railways system was in
prior to its takeover by the Federal Government also of why SA was so keen to
offload the railway; if diesel locomotives actuattyade things worse, the railway must
have been in a poor state indeed.

Another interesting feature is that passenger gysrare positive and significant, but the
relative growth of passenger train km over othedkiof train km is negative, and both
are significant. This suggests that passengen@yuwere increasing during the period,
but not in proportion to freight. Also interestingthat staff numbers now have a very
important negative effect on productivity. The dkeoint at 1950 is contemporaneous
with the advent of steam. Since staff numbers wahg weakly significant prior to 1950
and are now strongly significant, this suggests tha problem for South Australia’s
railways is not over-staffing per se, but ratheveay slow reaction to the fact that
operating a diesel railway requires far fewer sthfin does operating a railway based
upon steam locomotives.
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Table Eight summarises the results for Western raliat

Table Eight: Western Australia Regression Results £901-1992
Variable Coefficient t-ratio
STF -1.4771 -5.964
DEN 0.76196 2.528
PJ 0.3151 3.234
PASS -0.067361 -0.2909
SP 0.30216 0.147
MINT 0.040434 3.472
MIN 0.11585 0.8215
RGNP -0.11922 -1.753
POPN 1.1115 4.242
RREV -0.51908 -2.789
LECV 0.72933 6.857
WAR -0.15729 -3.501
OIL 0.106 0.4727
CONSTANT 0.20831 0.413
Diagnostic Tests Heter oscedasticity Tests
Durbin-Watson 2.116 e2 on Y-hat 17.359
R-Squared 0.9839 e”2 on (Y-hat)"2 20.196
Adjusted R-Squared 0.9812 Arch (Engle (1982) 1.465
Log of Likelihood function | -4.70672 Harvey (1976) 3.093
F-Test 366.803 Glejser (1969) 48.027

Perhaps the most striking aspect of the WA ressltthe very large coefficient on
staffing, which suggests that reducing staff wag thmost important impact on
productivity for the railway. This result is impant for the other railways as well. WA
was amongst the first to begin reforming its rajwand endeavouring to operate them
on a more commercial footing. It began to do stha 1970s, in contrast to NSW and
Victoria, which began doing so roughly a decaderlatThus, more years of reforms,
including reductions in staff numbers, are includedWA than they are for NSW and
Victoria, meaning a greater effect of staffing retilons than these other states.

Also different from the other railways is the pogtand significant impact of population.
Since Perth has a relatively small urban transs#tesy, it seems unlikely this is the
driving factor. Instead, population growth may fieking up the growth of the local
economy, which can often be out of step with natioeconomic growth due to the
prevalence of the minerals industry in WA. Thisynaso account for the relatively
weak RGNP results.

Here, minerals tonnages are a significant positipact on productivity, but not the
relative increase of such tonnages over an abdwr @eight. This suggests an increase
in minerals tonnages, but not enough that they elrgvoductivity as occurs in
Queensland and NSW. It is worth noting that the Yig@res include only the public rail
system in the South of the State, not the irorraiferays in the Pilbara. Whilst minerals
traffic did increase on the public rail system legng in the late 1960s, other freight also
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increased, meaning the proportional share of mimdraight did not increase by as
much. Again, as for Victoria, revenues are negffiassociated with productivity. This
may be reflective of the same phenomena as instatg. Unlike Victoria and NSW, the
coefficient on steam is positive, but not signifita This may indicate that, like
Queensland, WA’s railways were not as able to taklwantage of the potential
productivity-enhancing benefits of diesel as quict other states and hence that such
benefits may have taken some time to flow throu@here is reason to think this finding
has some merit. Much of the WA rail network iswéght narrow gauge, laid down
before WWII to support grain production and thelsstent of the South West. Heavy
diesel locomotives could not operate optimally bis ttrack, and hence it would have
taken some time for the full benefits of diesebrome apparent.

Finally, WA is the only railway to have had a badrwwith a significant, negative
coefficient on the wartime dummies. This may beoamted with overuse of the
railway’'s assets during the war. Since the cofficon railway density is positive and
significant, WA'’s railway may have already beentoaipg economies of density prior to
each war, and increases in track usage thus didnpbve productivity, but rather had
the opposite effect.

Tasmania is something of an anomaly in Australr@ibways; it is a relatively small
system, and it is not connected to the mainlanteay®wing to Tasmania’s island status.
Thus, it is not surprising that some differenceseega between it and the mainland
systems. Tasmania is also broken into three diséras. The first of these covers the
period prior to 1918. The second covers the pdrima 1918 to 1950, and the last covers
the period from 1950 to 1977, when the railway wadsen over by CR/AN along with
(most of) the assets of South Australia’s railways.

Table Nine: Tasmanian Regression Results — 1901-81

Variable Coefficient t-ratio

STF -0.6390 -2.8590
DEN 0.0065 0.0445
PJ 0.2272 3.5850
PASS 0.6630 5.6000
MINT 0.1603 1.5240
MIN 0.0688 0.4102
RGNP -0.5830 -4.9890
POPN 0.2138 0.2858
RREV 0.7872 5.0030
LECV -0.6058 -4.4710
WAR 0.2062 5.1490
CONSTANT 0.1192 0.1405
Diagnostic Tests H eter oscedasticity Tests
Durbin-Watson 1.8927 e”2 on Y-hat 0.007
R-Squared 0.9585 e”2 on (Y-hat)*2 0.018
Adjusted R-Squared 0.8825 Arch (Engle (1982 0.141
Log of Likelihood function | 36.4027 Harvey (1976) 888
F-Test 12.605 Glejser (1969) 12.172
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Although one must be careful about ascribing toacimto such a short time period
(which leaves few degrees of freedom for the modsdme inferences are possible.
During this period, the importance of the railway a form of land transport for
passengers is clearly shown, with both of the papsevariables showing significant,
positive results. Minerals traffic, however, ist significant; what minerals traffic there
was in Tasmania was largely hauled by private &y particularly the Emu Bay line.
There is also a positive relationship between peoditly and revenue, which vanishes
after WWI, only to return in the 1950s to 1970sgaM, like very railway, there is a
negative relationship between staffing levels aratipctivity. WWI also seems to have
increased the productivity of Tasmania’s railwaymrhaps because a reasonable
proportion of its staff went to war to fight, anketrailway thus performed a similar
output with fewer staff.

Table Ten: Tasmanian Regression Results — 1918-1950
Variable Coefficient t-ratio
STF -0.2748 -2.7940
DEN 0.2890 1.6450
PJ 0.1323 2.3480
PASS -0.2251 -2.3940
MINT -0.0190 -1.1540
MIN 0.1917 1.9920
RGNP 0.0151 0.1789
POPN -0.8308 -1.0840
RREV -0.4134 -3.9420
LECV 0.2289 1.3550
WAR 0.0284 0.6094
CONSTANT 2.5303 2.9030
Diagnostic Tests Heter oscedasticity Tests
Durbin-Watson 1.7775 e”2 on Y-hat 4.765
R-Squared 0.8565 e”2 on (Y-hat)*2 4.893
Adjusted R-Squared 0.7775 Arch (Engle (1982) 0.453
Log of Likelihood function | 50.0959 Harvey (1976) 481
F-Test 10.85 Glejser (1969) 14.982

In the period from WWI to 1950, the characteristafsTasmania’s railways changed
considerably. Revenue is now negatively associaitd productivity, which is perhaps
suggestive of the railways gradually worsening pobavity. War no longer increases
productivity, as it did in WWI, which is perhapsdagse staffing actually increased in the
Second World War, rather than decreasing. A shifhaulage is also apparent; now
increasing passenger haulage is associated witlerlg@soductivity, whilst minerals
haulage has begun to positively affect it.
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Table Eleven: Tasmanian Regression Results — 195071

Variable Coefficient t-ratio

STF -2.5179 -4.0190

DEN 0.3184 0.9892

PJ 0.1352 0.7549

SP 1.0348 2.0220
PASS -0.1779 -0.8153
MINT 0.1097 3.1520

MIN 0.5057 6.7430

RGNP 0.1742 2.6350
POPN -1.5138 -1.1680
RREV 0.8218 4.7070

LECV -0.0583 -0.2580

OIL -0.1506 -1.4720
CONSTANT 2.6617 1.1340
Diagnostic Tests Heter oscedasticity Tests
Durbin-Watson 2.1934 e’2 on Y-hat 0.001
R-Squared 0.9833 e”2 on (Y-hat)"2 0
Adjusted R-Squared 0.9689 Arch (Engle (1982 0.212
Log of Likelihood function | 27.2757 Harvey (1976) 001
F-Test 68.573 Glejser (1969) 10.736

The advent of diesel locomotives in Tasmania, likeSouth Australia, did not assist

productivity. In fact, it would appear that Tasn@s railways did worse with diesel than

with steam. This may be partially reflective oétappropriateness of the infrastructure
for diesel locomotives, and partially reflective thie very poor state of the Tasmanian
railways prior to their takeover.

Table Twelve summarises the results for CR/AN.alD6f the railways, these results are
perhaps the least robust because during the fsteof the 1970s, the railway absorbed
the operations of South Australia’s railways (adgsihe Adelaide metropolitan passenger
service) and Tasmania, resulting in a large inerdéascosts and a massive drop in
productivity from which it took several years tccoger. This was almost certainly a
structural change in the operations of the railway, it is difficult to test, because it
happened too close to the end of the period ofyaisal Since this structural break almost
certainly affected both the slope and the interadphe regression, it is captured only
crudely by the AN dummy, which captures only thieioept effect.
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Table Twelve: CR/AN Regression Results — 1922-1992

Variable Coefficient t-ratio

STF -0.36636 -4.404

DEN 1.2094 8.803

PJ -0.15692 -3.162

PASS 0.23809 1.193

SP 0.13320 0.5016

MINT 0.00412 1.582

MIN -0.0057 -0.9804

RGNP -0.36202 -2.600

POPN 4.1147 4.841

RREV 0.01589 0.3947

LECV 0.30208 2.086

WAR 0.21325 1.641

AN 2.9212 7.990

OIL 0.38382 2.015
CONSTANT -3.6949 -3.165
Diagnostic Tests Heter oscedasticity Tests
Durbin-Watson 1.8257 e”2 on Y-hat 5.884
R-Squared 0.9725 e”2 on (Y-hat)"2 4,999
Adjusted R-Squared 0.9655 Arch (Engle (198p) 1.152
Log of Likelihood function | -10.1345 Harvey (1976) 1.262
F-Test 138.960 Glejser (1969) 21.129

The very large coefficient on the AN variable, acscmost likely because the takeover of
the two railways reduced productivity dramaticadly CR/AN, before the railway was
able to absorb its new assets, and return to tbduptivity levels it had previously
enjoyed . Perhaps the most anomalous finding fRfAGI is the very large positive
coefficient associated with the growth of Australipopulation. This may be picking up
economic growth effects, but it seems more likelyoé an anomaly associated with the
takeover, as it is neither large nor significanbpto 1975. Like WA, the coefficient on
steam is positive, but not significant, but unlf&, CR/AN had track better suited to
diesel locomotives. It seems likely that this ¢icednt is being driven by the poor
adaptation to diesel of South Australia and Tasmésee Table 13).

Since the absorption of the railways of South Aalgtirand Tasmania had such a major

effect on CR/AN, it is useful to examine the raijwzefore this occurred. Table Thirteen
provides the results of the same model appliedROAGI from 1922 to 1975.
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Table Thirteen:

CR/AN Regression Results — 1922 {975

Variable Coefficient t-ratio

STF 0.06183 0.5347

DEN 0.20749 1.161

PJ 0.0355 0.6929

PASS -0.6462 -3.414

SP -1.4326 -4.576

MINT 0.00562 2.220

MIN 0.23253 5.321

RGNP -0.0697 -0.3423

POPN -1.0816 -1.007

RREV -0.0925 -2.567

LECV 0.32623 2.589

WAR -0.18020 -1.723

OIL 0.17987 1.282
CONSTANT 3.8259 2.617
Diagnostic Tests Heter oscedasticity Tests
Durbin-Watson 1.8161 e”2 on Y-hat 0.05564
R-Squared 0.9875 e”2 on (Y-hat)"2 0.16147
Adjusted R-Squared 0.9834 Arch (Engle (198R) 0.@462
Log of Likelihood function | 20.4883 Harvey (1976) 20874
F-Test 242.862 Glejser (1969) 0.05127

The results prior to 1975 appear more in line wité other railway; density is positive

(though not significant), minerals traffic has asippioe effect and the large, anomalous
result for population has vanished, suggesting &n artefact of the absorption. Note
also the non-significant coefficient on staff numgeAlthough not definitive, it suggests
perhaps that CR/AN did not have problems of ovatffisy, or if it did, that these were of

a less significant nature than was the case ar éthstralian railways. This stands in

contrast to Brunker (1992), but Brunker was lookatghe railway after it had absorbed
the railways of South Australia (outside Adelaidetro-rail) and Tasmania, a process in
which CR/AN had to also absorb large numbers of siaff.

Conclusions and Policy Ramifications

There are perhaps four useful conclusions which mardrawn from this analysis of

productivity. The first is rather obvious; railwsawhich have expanded into the niche of
providing unit train haulage of minerals have, tlgb doing so, increased their

productivity dramatically.

The second relates to staffing. On the face ofethdence in Tables One through 13, it
would seem clear that reducing staff is a good feayailways to increase productivity;
the coefficient on staff is negative and significkor almost all railways at least at some
point during the timeframe of analysis. This suppthe “over-staffing” hypothesis that
has been a consistent theme on the part of polikgrador roughly the past two decades
(see for example, Industry Commission, 1991, ane tbferences cited therein).
However, the reality is rather more subtle thars.thiThe results on staffing for South
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Australia prior to 1950, Queensland after 1950 @RVAN before it took over the
railways of South Australia and Tasmania providly @ery weak evidence of an inverse
correlation between staff numbers and productivitySW, Victoria and WA provide
stronger evidence, but to explore the robustnesthief evidence, we examined sub-
periods for these railways. The results are desdrin Table 14 beloW.

Table Fourteen: Staff Numbers and Productivity in NSW, Vic & WA in Periods
Prior to 1992

NSW Vic WA

Coefficient t-score Coefficient t-score Coeffitien| t-score
1900-1980 -0.14542 -2.941 -0.21242 -3.449 -0.69672 -3.167
1900-1970 -0.07354 -1.382 -0.11792 -1.947 -0.49981 -4.803
1900-1960 -0.05938 -1.228 -0.12265 -2.248 -0.38113 -4.172
1900-1950 -0.03713 -0.663 -0.09867 -1.635 -0.23085 -1.385
1900-1940 -0.07399 -0.858 -0.16405 -1.942 -0.21910 -1.125

The results are fairly clear; not only are the Giorts, in general, becoming smaller the
shorter is the time period, but they are also,enegal, becoming less significant. Our
hypothesis, in regards to staffing, is therefordadlews; Australia’s railways (with the
exception of Tasmania) had roughly the right nundfestaff to operate a steam-powered
railway efficiently circa 1950. Operating a diepelwered railway requires far fewer
staff and, although the railways began reducindf stambers when they introduced
diesel trains, not all were unable to do so sudhidy rapidly to prevent excess staff from
reducing the productivity which they might otheraibave obtainefl. Given that the
railways were owned by State governments, and Wwea®ily unionised, a slow reaction
speed was perhaps not surprising. However, theeree here of the railways being
somehow fundamentally sclerotic in relation to thabour practices (as the Industry
Commission, 1991, suggests) is rather weak.

The third lesson is that technological change dustsnecessarily bring productivity
improvement. One would expect, given the potdgtiarge differences in productivity
between steam and diesel locomotives, that a raibwatching from the former to the
latter would receive an immediate productivity lloodHowever, the full benefits of
diesel locomotive technology can only be enjoyeithaf track and other infrastructure are
optimised for use by diesel locomotives, and if thikwvay can adjust its staffing profile
(see above). In particular, from the perspectif¢he below-rail infrastructure, light
track with many curves (suitable for smaller, lighsteam trains) does not allow diesel
locomotives to maximise their productive capaci§ome railways were able to change
their track infrastructure more rapidly (or weratfmate to have track already better
suited to diesel locomotives), and hence enjoyererobthe productivity benefits which
diesel can bring sooner (NSW Victoria and CR/ANDthers took some years to alter

® Further details on each of these regressionsvaitahle from the authors upon request. Here wedgo
just on the staffing effects.

" NSW, Queensland and CR/AN do seem to have adagiatilely quickly, as suggested by the evidence
in Tables Four, Five, 13 and 14. In particularVM§lable 14) seems to have adapted to dieselishtion
1960, as its coefficient on staffing is not sigedfiit. However, at some point in time between 187D
1980, something else affected the railways of NSkitivmeant that overstaffing again became an issue.
It is not clear what that something else was, gthendata in our models.
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their track infrastructure (WA and Queensland)ill 8thers proved unable to adapt to
their new diesel locomotives, and actually perfatmiess efficiently with diesel
locomotives than they had with steam (SA and Tagmpanhis is an important lesson for
policymakers going forward; disruptive shocks te @art of the rail system, like rolling
stock technology, are not necessarily enough iim tiven right to improve productivity,
which requires a more holistic approach to railwggrations and management.

It is conceivable, given their large fixed costsd acomplexity, that railways have
technical limits to scale and scope beyond whichytltannot efficiently expand
regardless of how well they are managed becaugen ghe technology of the day, the
rail system is too complex to be effectively colitd from head-office. Thus, one
would not expect size measures like revenue growttensity to be positively correlated
with productivity over the whole range of their piide values. However, Australian
railways are quite small on a global scale, anseéms unlikely that any have reached
such technical limits. Moreover, it is the smallailways, in general, that show a
negative relationship between revenues and prodtyctnot the larger railways. This
suggests that, rather than technical possibilitesg the limiting factor, the railways
concerned were poorly governed; rather than pugshusiness opportunities that could
enhance their overall productivity, they expandeid ihaulage tasks that left them less
efficient. Given the pervasive influence of pal#i factors on the railways, it seems
unlikely that the blame for this poor governance & laid solely at the feet of the
relevant Commissioners who managed the railways.H@nsher et al (1995) point out,
where railway managers were given the ability toage themselves with a commercial
focus, they were able to do so effectively. Thesdms for railway policy going forward
are therefore two-fold. Firstly, political influea over railway haulage tasks has not
disappeared, and politicians and lobby groups wlsiebk to influence the direction
railway businesses should take should be awarghbatbility of a given railway system
to absorb tasks which use its assets inefficieistlyather limited. Secondly, it is not
axiomatic that all growth improves railway prodwdiy; the nature as well as the size of
the growth, clearly matters.
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Appendix: Data Issues

There are two further important issues to addrasa long time series such as this;
stationarity and structural breaks. Turning fitststationarity, Table Al provides a
summary of the results of the stationarity testsdemted. Owing to the presence of
serial correlation, the Phillips (1987) - Perro®&®8) test was favoured over the Dickie
Fuller test, although both gave similar resultstenms of stationarity. The relevant
critical values for each text are as folloWs:

* A(1)=0 z-test -11.2
* A(1)=0 t-test -2.57
* A(0)=a(1)=0 3.78

The test statistics, presented in the same ordéheasritical values, are presented in

Table Al.

Table Al: Stationarity Test Results
NSW Vic Qld SA WA Tas Comm.
TTFP 4.572 -4.7572 7.3872 -4.4405 4.434 -1.3999 | -2.9727
2.5615 -1.5692 6.1506 -1.4495 2.9901 | -0.43718 | -1.0017
6.2492 1.2922 24.329 1.0205 7.9822 0.80032 | 0.9749
STF -4.1652 -5.0672 -3.5469 -8.1878 -2.7005 -3.2415 -5.5136
-2.0274 -1.7743 -2.1249 -2.5252 -1.0644 -1.3929 -1.7669
2.1408 1.5615 2.888 3.257 0.56725 1.0043 1.6155
DEN -4.2932 -2.776 -2.7361 -8.7094 -8.0574 -3.369 -7.6157
-1.3847 -1.2092 -1.1459 -1.9948 -2.9369 -1.3034 -1.907
1.4173 0.95903 0.8066 1.9616 4.6099 0.83544 1.8315
PJ -2.5704 -4.678 -4.1431 | -7.8624 | -9.1661 | -1.1301 -17.94
-1.8645 | -1.9894 | -1.7495 | -2.2134 | -2.3293 | -0.50867 | -3.2793
3.7545 2.0806 2.6272 2.4435 2.7053 0.1833 5.219
PASS -6.5004 0.77666 -12.388 -9.253 -14.01 -2.0788 -8.0848
-1.978 0.24983 | -2.6713 | -2.4397 | -3.0096 | -0.69129 | -2.2163
2.1235 0.88538 | 3.5222 2.9761 4.4013 0.43536 | 2.7908
MINT 4.1147 6.8923 6.1895 | 5.77E-02 | 3.2154 -7.3527 | 0.69057
2.7826 -1.9773 6.5343 | 1.65E-02 | 3.1104 -2.0609 | 0.50496
8.5077 1.9316 30.852 0.62191 10.344 2.1264 2.4294
MIN -2.9459 | -6.9795 | -1.6412 | -0.4932 | 0.77049 0.9147 0.38364
-1.2996 | -2.2426 | -0.93314 | -0.21132 | 0.49289 | 0.50155 | 0.20901
1.2067 2.6571 2.1915 1.5947 2.1909 2.0793 1.132
RGNP 3.3379 3.3379 3.3379 3.4251 3.3379 3.4251 2.464
7.3255 7.3255 7.3255 7.1952 7.3255 7.1952 5.5924
59.136 59.136 59.136 56.692 59.136 56.692 46.753
POPN 0.79802 1.048 2.3348 1.5187 2.0387 1.0057 0.99513
4.017 4.0104 14.54 4.8622 8.3061 2.4729 5.21
154.79 80.33 372.35 69.517 139.65 34.309 156.45
RREV -1.7928 -1.902 0.5503 -7.1152 | -0.58184 | -3.3512 -1.019
-0.90672 | -0.42462 | 0.31296 -2.1162 -0.34803 -1.5105 -0.5777
2.0838 0.8701 2.1823 2.3016 1.3477 1.2327 1.0753

8 These are for the tests with no trend. Resuttthiotest with a trend also give similar resuttserms of
stationarity, as do the Dickie-Fuller test resudisd are available from the author upon request.
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As is clear, none of the variables are stationafje are left with two options; we could
either undertake the regressions in first diffee=mpcor we could endeavour to find a
cointegrating vector for these ten variables, drahtexamine an error-correction model
via the approach first suggested by Engel & Grarg@87) and now widely used. We
choose the latter option, because this allows ébieb interpretability of results, and also
because the error correction term coefficient mtesia useful summary of how fast each
railway responds to productivity shocks. It rensato ascertain whether there is a
cointegrating relationship. For this, we use tbbahsen & Juselius (1990) procedure,
which also indicates how many cointegrating retadtops there are. Table A2 below
reports the results of the Johansen & JuseliusQ)1pgocedure. Johansen & Juselius
(1990) only provide critical values for their tessults for cointegrating relationships
with up to five variables. Thus, the critical veduare from Osterwald-Lenum (1992).
For ten variables, the critical value for the tréest statistic (LTRACE) is 232.49 at the
95 percgnt confidence level, and that for the maxineigenvalue test statistic (LMAX)
is 62.42:

Table A2: Cointegrating Relationships Test Results

NSW VIC QLD SA
Number of
relationships| LTRACE LMAX | LTRACH LMAX LTRACE LMAX LTRACE LMAX
3 112.815 | 30.628 137.51] 41.548 134.5p2 50.268 433.842.233
2 153.895 41.08 191.196 53.686 190.982 56/46 179,8%46.034
1 218.98 65.085 249.037 57.841 252.348 61.366 946.266.419
0 301.773 | 82.793 312.094 63.056 352.019 99.671 0324. 77.722
WA TAS Comm.
Number of
relationships| LTRACE LMAX | LTRACH LMAX LTRACE LMAK
3 152.95 50.787 121.01% 32.1%4 127.724 40.697
2 211.56 58.603 173.84% 52.829 174.666 46.932
1 276.97 65.409 232.48 58.636 239.549 64.893
0 363.29 86.32 314.864 82.384 309.288 69.Y39

In no cases are there zero cointegrating relatipash Instead, the evidence points
towards a single cointegrating relationship ind¢hse of each railway.

We now turn to the structural break tests, whiclstrtake the non-stationarity of the
variables into account in order that the robusultsscan be obtained. We do this by
incorporating an error correction variable for easample and sub-sample, and
conducting a Chow (1960) test on the results. Téggired us to estimate three error
correction vectors and run three regressions foh s#&ructural break test, which proved

® SHAZAM reports the test statistics for up to nawntegrating relationships. In each case henethe
were less than three, so the results for moretthvae have been excluded for brevity. They ardable
from ther authors upon request.
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to be a time-consuming procedsThis procedure effectively allows for structubagaks
in the intercept, the slope of the short-run pdrithe equation and in the long-run
cointegrating relationship between the variables, ia thus a very generalised approach.

In order to conduct the structural break testsneeded some priors about where such
structural breaks might lie. Potential structumadaks were found in two ways. Firstly, a
Chow (1960) test was run for each year in the sarffpllowing Andrews, 1993) using a
simple model with no error correction variable ngsa function in SHAZAM (Northwest
Econometrics, 2004) which facilitates this testheTresults of this test are not robust,
given the non-stationarity of the variables invalveHowever, it does provide a useful
starting point of analysis. Secondly, the graphgroductivity of each railway were
examined visually to ascertain any particularly iobg break points. This gave rise to
the following potential break points for each railw

NSW 1950 1972
Vic 1929 1951

Qld 1950 1970
SA 1923 1950
WA 1956 1969

Tas 1918 1950
Comm 1952 1967

Each railway contains the advent of diesel as astenpial break point. Other break
points include years when minerals traffic begamtoease rapidly (NSW in 1972, Qld
in 1970, CR/AN in 1967 and WA in 1969), the Greapiession, the end of the First
World War and the Commissionership of Webb in ScMtistralia in 1923. One might
also incorporate other break points, particulanlyhe 1980s, when the railways changed
rapidly. However, structural breaks towards thd eh a time period are difficult to
establish robustly, due to insufficient data in seeond sub-sample.

Each of these potential break points was testeayusiChow (1960) test incorporating
the error correction variable into the model adioed above. In order that the alternate
potential break point does not influence the resoft the break point which is being

tested for at a particular point in time, whenitesthe earliest potential break point for
each railway, we use a sample from the first yedhé whole sample (1901 for the State
railways, 1922 for CR/AN) to the year before them®l break point. When testing the
second potential break point, we use a sample thenyear after the first potential break
point to the last year of the whole sample, 199Re test statistics for each railway and
each year are presented in Table A3 below. Naealdecision labelled “no” indicates

that the null hypothesis of no structural break waisrejected.

9 The sub-samples were also tested for stationaity,found to be non-stationary. Test results are
available from the authors upon request.
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Table A3: Structural Break Test Results

Year Test Statistic Decision Year Test Statistic Decision
NSW 1950 0.9556338 no 1972 0.5521758 no
VIC 1929 0.41266012 no 1951 0.6441837 no
QLD 1950 2.87401701 yes 1970 9.7436496 yes
SA 1923 1.72173832 no 1950 5.31835 yes
WA 1956 3.28227008 yes 1969 -0.307811 no
TAS 1918 4.02903656 yes 1950 5.6795389 yes
COMM 1952 3.46203605 yes 1967 0.8892682 no

The critical values differ for each railway in eagbar, but lie between 2.46 and 2.72.
New South Wales and Victoria present no structior@éks; meaning that the relationship
between the independent variables and productreityained the same throughout the
century, a rather interesting finding in its owght given the changes experienced by the
railways over the century. South Australia, WeastAustralia and the Commonwealth
Railways have one structural break apiece, and 3lead and Tasmania have two. For
the Three railways with only one structural bretile Chow test was re-run, using the
whole sample rather than truncating the samplbeeabpposing structural break. This is
intended to test the robustness of the resultseab&er South Australia, the test statistic
is 8.44, confirming the result in Table A3 aboveHowever, for WA and the
Commonwealth, the results are 1.37 and 2.28 ragphct This suggests that neither
railway has a robust structural break in the 19883ndicated in Table A3 above. Thus,
in the model results, NSW, Vic, WA and the Commoalife have no structural breaks,
SA has one, and Queensland and Tasmania have iaseap
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