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FOREWORD 

The Bureau of  Transport  and Communications  Economics  commissioned the 
Transport  Research  Centre  to examine various  fuel demand forecasts  for  the 
transport  sector up to  the  year 2000. This  paper  presents  the  results  of the 
Transport  Research  Centre’s  study. 

This  report will be  used  to  assist  the  Environment Group of the Australian 
Transport  Advisory  Council to formulate  policies  and  possible  strategies  to  reduce 
greenhouse  gas  emissions  from  Australian  transport.  Future  projects of the 
Bureau  are  expected  to  continue to assist  the  Environment Group in its 
greenhouse gas emissions  work. 

The Transport  Research  Centre  terms of  reference were to examine fuel demand 
forecasts  for  land, seaand air modes, the  validity of demand forecasts and  energy 
consumption  elasticities with respect  to  fuel  prices,  and the sensitivity  of demand 
forecasts to any  large  shifts in fuel  prices  orthe  prices  of  alternative  fuels, and to 
reviewthe  available  research  on  long-term demand elasticitiesfortransport fuels. 

The views  expressed in this report  are, of course,  those of the Transport  Research 
Centre and should  not  be  attributed to the  Department of Transport and 
Communications or  to  the  Bureau. The Bureau  has,  however,  added a short 
addendum to chapter 4 examining  the  revised  and  extended  forecasts  published 
by the  Australian  Bureau  of  Agricultural  and Resource  Economics in January 
1991. 

M. R. CRONIN 
Research Manager 

Bureau of  Transport and  Communications  Economics 
Canberra 

February 1991 
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ABSTRACT 

The Bureau of Transport  and  Communications  Economics  commissioned  the 
Transport  Research  Centre at Macquarie  University  to  investigate  various  fuel 
demand forecasts  for  the  transport  sector,  and in particular  to  identify  the  role  of 
fuel  prices in current  forecasts. 

The Transport  Research  Centre  also  examined  the  likely  effects  of  alternative 
fuel  pricing  strategies on  the  overall demand fortransport  fuel, based  on  estimates 
of  the  long-term  elasticities  of  fuel  consumption with respect to fuel  price. 

The study  focuses  on  the  current  major  transport  fuels,  which in 1988-89 
accounted for 93 per  cent of Australias  transport  sector  energy  consumption: 
petrol  (leaded and unleaded),  automotive  diesel  oil,  fuel oil and aviation  turbine 
fuel.  Major demand forecasts examined include  those of the  Australian  Bureau 
of Agricultural and  Resource  Economics,  the  National Institute  of Economic  and 
Industry  Research  and  the  Australian  Institute  of  Petroleum,  based  on  forecasts 
by oil companies, to the  year 2000. 

From an  examination  of  these  forecasts  and  derived  own-price  elasticities,  the 
study  concludes that only  relatively  large  increases in fuel  prices  are  likely  to 
produce anything more than non-marginal  reductionsin  the  levels  of  fuel demand. 
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SUMMARY 

This  study  examines a range of fuel demand forecasts made by various  agencies 
for  land, sea  and air  transport,  the  validity of these  forecasts  and the own-price 
elasticities with respect to fuel  prices assumed or  implied by the forecasts, the 
sensitivity  of  the demand forecasts to large  shifts in fuel  prices as a whole,  and 
the  available  research  results on long-term demand elasticities  fortransport  fuels. 
It focuses on current  major  transport  fuels. 

Major demand forecasts  include  those of the  Australian  Bureau of Agricultural 
and  Resource  Economics (ABARE), the National Institute of Economic  and 
Industry  Research  (NIEIR)  and the Australian  Institute  of  Petroleum. 

Since  the  consultant’s  report was completed, ABARE has  published new 
projections. The Bureau of  Transport and  Communications  Economics  has 
included an addendum (to chapter 4) discussing  the  revised  projections  and  the 
estimating  techniques  used by ABARE. 

In 1989 ABARE forecast  road  transport  energy  consumption  would  increase at 
an  average  annual  rate of  2.7  per  cent  from 1988-89 to 1999-2000. This was 
significantly  higher  than  the NlElR average  rate of 1.97 per cent. ABARE‘s 
revised (1991) forecast  is for road  transport  energy  consumption to grow at 1.8 
per  cent to 2001-02. 

Automotive  petrol  consumption was projected by ABARE in 1989 to  increase at 
1.4 per cent per year to 1999-2000,  the  average  rate observed since  the  mid 
1970s.  This  has  been  revised by ABARE in 1991 to about 0.9 per  cent  per  year 
to 2001-02, and  about 0.5 per cent from then  to  2004-05. 

The most  rapid  forecast growth is  for  automotive  diesel (5.5 per cent  per  year, 
ABARE’s 1989 forecast; 3.7 per cent, NIEIR), due to the assumed continuing 
substitution  for  petrol in commercial  vehicles, and the  continued  growth  of the 
road freight industry. ABARE’s 1991 forecast  is  for a  much lower  rate  of  growth 
of about 2.5 per cent, with road  transport use growing by 2.9  per  cent  per  year, 
to 2004-05. 

ABARE’s 1989 projections for aviation fuel use  had been revised upwards 
substantially from the  Department of  Primary  Industries and  Energy’s Energy 
2000 report, increasing  from  2.9 per cent to 3.9  per  cent per year, due to the 
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downward revision in expectations of future  oil  prices and to  substantial upward 
revisions in forecasts  of  growth in international  passengers to and  from  Australia. 
ABARE in 1991 again  revised  the  aviation  forecasts upwards, with an  average 
growth  rate  of 5.0 per  cent  to 2001-02. 

The Transport  Research  Centre  favoured  the  lower  NlElR  forecast  estimates for 
road  transport  diesel  consumption  and  the  higher ABARE 1989 estimates  for 
aviation  turbine  fuel.  Historically, however,  the  forecasts of these  two  fuels made 
by ABARE and  NlElR  have  tended to  be  sizeable  underestimates  of  actual 
consumption. 

For  rail  transport,  while ABARE in 1989 predicted  an  increase in total  fuel use, 
NlElR foresaw a decrease. The Transport  Research  Centre  leaned  towards  the 
ABARE (1 989) forecasts. 

The Transport  Research  Centre  considered  that LPG, natural gas  and  methanol 
had some potential as  economically  viable  transport  fuels in the 199Os,  although 
there is likely  to  be  little  switching  (other  than  from  leaded  to  unleaded  petrol), 
until  the  early decades of  the  21st  century. 

The primary emphasis of  this  study was to identify  the  role  of  fuel  price in current 
forecasts  of  transport  fuels. The forecasts by the  three  majoragencies- ABARE 
(1989),  the  Australian  Institute  of  Petroleum and  NlElR - did not  specify  their 
econometric  models in a form  permitting  identification  of  the  role  of  fuel  prices. 

The Transport  Research  Centre  estimated a series  of models for  road  transport 
and aviation  which  are  capable  of  deriving  the  required  elasiicities. The Transport 
Research  Centre recommended the  following  fuel  own-price  elasticities: 

Road  passenger  vehicles (5 year) -0.66 
Trucks  (non-urban) (5 year) -0.55 
International  aviation (1 year) -0.1 2 
Domestic  aviation (1 year) -0.1 8 

It is the Transport  Research  Centre’s  strong  belief  that  elasticity  estimates  derived 
directly  from  reduced  form  regressions  overtime-series  of  fuel demand, fuel  price 
and a number of  other commonly used exogenous variables,  such  as  gross 
domestic  product  and fleet  size,  are  significantly downward biased in contrast  to 
estimates  derived  from a properly  specified  set  of  structural  equations 
representing  the  real  determinants  of demand for  travel, and  hence fuel. 

Current demand forecasting  models  are  primarily  driven by price and  income. Big 
impacts  on  reducing  greenhouse gas emissions will involve  additional  factors 
such  as new technologies,  promotion campaigns for new more efficient  transport 
options,  and  research  incentives, all  of which  are  either  poorly  handled or unable 
to be  handled in the  current modelling and forecasting  environment. More 
fundamental  work is  required on both model  form  and  data  before  these  models 
can be incorporated  into an  assessment of  possible greenhouse  gas  emission 
reduction  strategies in Australia. 
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Summary 

Nevertheless,  based  on  econometricsimulation, i t  could  safely  be  concluded that 
non-marginal  reductions in greenhouse  gases  would require  quite  substantial 
non-marginal  changes to  fuel  prices i f  a fuel  tax were to be  the  sole  or  primary 
instrument of policy  used  to  reduce  fuel  consumption. 
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CHAPTER 1 INTRODUCTION 

The Bureau of  Transport and  Communications  Economics  commissioned  the 
Transport  Research  Centre at Macquarie  University  to  investigate  fuel demand 
forecasts in the  transport  sector,  and  the  likely  effects  of  alternative  fuel  pricing 
strategies on the  overall demand for  transport  fuels, as guided by estimates  of 
long-term  elasticities  of  fuel  consumption with respect  to  fuel  price. 

The results  of  the  investigation will be  used  as  background  material  for  advice to 
the  Environment Group of  the  Australian  Transport  Advisory  Council on possible 
impacts of  alternative measures which may be  adopted to reduce  greenhouse 
emissions. 

TRC’s brief  requires i t  to  investigate  the  current  status of transport  fuel demand 
forecasts in Australia,  giving  particular  attention  to: 

the  range  of  fuel demand forecasts made by various  agencies,  public  and 
private,  for  land, sea  and air  services; 
the validity of  the  levels  of demand forecast  and  any  energy  consumption 
elasticities with respect  to  fuel  prices assumed or  implied by the  forecasts; - the  sensitivity  of  extant demand forecasts to any large  shifts in fuel  prices 
as a whole and also  to  shifts in relative  prices  of  alternative  fuels; and 
the  available  research  results  on  long-term demand elasticities  fortransport 
fuels. 

The primary  focus  of  this  study  is  on the current  major  transport  fuels - 
automotive  gasoline  (leaded  and  unleaded),  gasoil  (especially  automotive  diesel 
oil),  fuel  oil, and aviation  turbine  fuel - which in 1988-89 accounted for 93.0 per 
cent  of  Australia’s  energy  consumption in the  transport  sector (ABARE 1989). 
Some consideration  is  also  given to alternative  fuels  which  could come on stream 
in the  next thirty years,  although no assumptions  are made about  the  economic 
or  energy  benefits  of  alternative  fuels. 

Although  our  primary  focus is on  energy demand forecasts  produced by existing 
econometric  and  growth-based  models,  the  limited  nature of the models requires 
that some recognition  should be given  to a wider  range  of  possible  long-term 
transport  strategies  which  could  have  significant  impacts on  greenhouse  gas 
emission  reductions. The potential  options  include  switching  to  cleaner  fuels, 
reducing  total  travel,  improved  fuel  efficiency  of  automobiles and trucks, and 
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switching  to more fuel  efficient modes. National  forecasts  of  future  energy 
demand depend largely upon projecting  present  trends  into  the  future,  ratherthan 
upon  an  understanding of how changes in the  locations and  behaviour of 
individuals and  businesses  affect  the mode, the number, and the lengths of trips 
demanded. 

Fuel demand forecasts  are  undertaken by a number of organisations.  Available 
forecasts  currently  are made up to the  financial  year 1999-2000. The major 
players  are  the  Australian  Bureau  of  Agriculture  and Resource  Economics, the 
larger oil companies (notably BP and Shell),  the  National  Institute  of Economic 
and Industry Research  and a few of the State  energy  agencies. The methods 
used to  forecast  fuel consumption vary  from: 

the  extrapolation of trends,  based  essentially  on  visual  extrapolation; - simple  growth  models  which assume a relationship between the  growth in 
fuel demand and the  growth in population and  gross  domestic  product;  and - the  econometric demand model (the  predictive model  approach)  which 
projects  into  the  future  on  the  basis of exogenous forecasts  of a set  of 
explanatory  variables  which  have  been  found  from  historical  data to be 
significant  influences  on  energy demand. 

The latter approach is  critically dependent  on  the reliability  of exogenous 
forecasts  of  items such  as  the  growth in real  gross  domestic  product, 
vehicle-kilometres  travelled (VKT), passenger-kilometres and load  factors  (for  air 
travel),  fleet  fuel  efficiency  (automobiles,  trucks,  aircraft), and population  growth. 

Fuel  efficiency  is  itself  strongly  influenced by projections  of  vehicle  technology, 
especially in relation  to  weight and carrying  capacity. 

There is virtually no  emphasis  given to a knowledge of, or  use  of,  fuel-price 
elasticities  of  energy demand in the  transport  sector. The econometric 
procedures  adopted  for  the main fuel  types within the road  transport and aviation 
sectors  involve a set  of  equations  relating  the  main  underlying  behavioral 
dimensions of  the  decisions  of  fuel consumers to a set  of exogenous influences, 
and  use  the  outputs of these  equations in an identity  to  calculate  levels  of  fuel 
consumption. 

Forecasts of each fuel  type  are  undertaken within each of  the  main  sectors:  road 
transport,  railways,  coastal  bunkers,  international  bunkers,  and  aviation.  Formal 
econometric  modelling is  restricted  to  automotive  gasoline and automotive  diesel 
oil in the  road  transport  sector, and aviation  turbine  fuel in the  domestic  and 
international  air  travel  markets. In 1988-89 the  road  transport  sector  plus the 
use of  aviation  turbine  fuel in the  air  sector,  represented 88 per cent  of the 
transport  sector's  energy demand (ABARE 1989).  Rail and sea sectoral 
forecasts and aviation gas (avgas)  forecasts  are  essentially  extrapolations based 
on  data  supplied from oil companies and  other  industry  sources,  tempered with 
judgments  concerning  factors  believed to be influential  determinants  of demand. 
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Chapter l 

This  report  is  organised  into a  number of  sections: 
issues  associated with fuel  conservation in the  transport  sector; 
documentation of  available  energy  forecasts in the  transport  sector  by  fuel 
type,  source of  forecasts, and  methods  used; 
a review  of  alternative  forecasts, with particular  attention to the  underlying 
assumptions made in the  development of these  forecasts; 
a review  of  the  evidence  of  long-term  fuel-price  elasticities of demand, and 
any explicit  or  implied correspondence with the  bases  for  Australian  energy 
forecasts; 
an  analysis  of  the  robustness of forecasts and  procedures to accommodate 
non-marginal changes in fuel  prices,  both  absolute and relative, with 
recommendations  as to future  actions; 
the  appendixes  give more information  regarding  emerging  aircraft 
technology,  automobile demand models,  the  methodology  used to  derive 
generalised  price  elasticities  of demand, a summary of  alternative  elasticity 
estimates,  and  details  on  the  Australian  aircraft  fleet. 
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CHAPTER 2 FUEL CONSERVATION: SOME ISSUES 

If governments  decide to  pursue  energy  conservation  policies in the  transport 
sector,  whether to limit greenhouse  gas  emissions  or  for  other  reasons, what role 
might  fuel  prices  play? 

Evidence  from  the 1980s, after  the  petroleum  crisis  of 1979, on  society’s  ability 
and willingness to consewe energy,  supports  the  view  that  technological 
modification  is a more successful  route to fuel  conservation than modification  of 
user  behaviour and attitudes (Greene  1989a,  1989b).  However,  there is  still 
much that can  be  done by the  use  of  imaginative  vehicle  use  reduction measures 
to encourage transport  users to be more efficient consumers of  transport  fuels. 

The three  majorthings we can  do in transportation to conserve  energy and reduce 
emissions  are: 

improve  vehicle  efficiency; - use alternative  fuels, more generally  non-fossil  fuels and  biomass fuels; and 
implement  vehicle  use  reduction measures including  phased-in  fuel  taxes 
and land development  taxes. 

If w e  are  concerned to  slow down transport  energy  consumption  and  emissions 
growth, i t  is  not enough to  hold  the  line  of  current  fossil  fuel  technology. W e  
acknowledge,  however, that  there  are a lot  of unknowns in establishing  the 
economics of  alternative  fuels  (with  the  exception  of LPG). There is  clearly a 
need to consider  vehicle  use  reduction  strategies. 

Measures directed  at  influencing  urban  travel modal  choice in itself, in order to 
encourage switching  to  publictransport  without  changing demand fortravel, have 
a very  small  effect,  of  the  order  of 5 per  cent. The big  reducers  of  energy 
consumption  are  efficiency  improvements,  non-fossil  alternative  fuels,  and 
vehicle use reduction measures. 

IMPROVED VEHICLE  EFFICIENCY 

For  technical  efficiency,  the  debate on  the  extent  of  gain in emission  reduction 
achievable by a whole host of proposed  (as distinct from  proven)  technical 
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measures is quite  unsettled,  almost by a factor  of two. This  applies  not  only  to 
individual  technologies  (for example,  enleanment,  temperature  regulation, timing, 
catalysis,  air pumping in road  vehicles) but also  to how these  are  aggregated 
given the large amount of  overlap in the  efficiency  benefits. 

The range of  future  technological  options  is  extensive:  variable  geometric  valves, 
reduced  engine  displacement,  electronic  controls,  ultra-lean burn, stratified 
charge  engines,  ceramic  components,  continuously  variable  transmission, 
advanced light materials, high efficiency  accessories,  lighter and stronger 
catalysts,  water  and/or  oxygen  enriched air for  diesel  vehicles,  increased 
compression ratios  for  oxygenates,  catalytic  ignition, and alternative  fuels 
including  multi-fuels. 

The current  set  of  emission  controls,  which  have a net  positive  effect  for light duty 
vehicles,  are  enleanment and timing (although  the  latter  can  be  negative in impact 
i f  not  regularly  checked). Air pumping has a negative  effect  (Saricks  1990). For 
heavy  duty  vehicles,  exhaust  sensors and new fuels  give  positive  net  emission 
benefits. 

The story  is somewhat different  for  aircraft  technology, where the  potential  gains 
in fuel  efficiency (measured in terms of  seat-kilometres  per 100 litres  of  fuel)  are 
as high as 30 per  cent  from  the  replacement  of  the 1990s generation  of  aircraft. 
Much of this  gain  is  likely  to be achieved by the  conversion  to  prop  fan  (unducted) 
engines,  combined with engine  thermodynamics  and  weight  reduction  materials 
(Greene '1 989a). 

We need to know the  conditions  under  which  individuals and firms will purchase 
more efficient  road  vehicles.  Are  fuel  taxes more effective  than  purchase  price 
substitutes,  or  alternative  corporate  average  fuel  efficiency (CAFE) rules in 
respect of sales  mixes,  vehicle  weights and so on? 

Recent  research by Greene  (1989b) in studying  the  effect  of US federal  fuel 
economy regulations and gasoline  prices  on new car  fuel  efficiency (1978-1 989) 
found  that  the CAFE standards  were a significant  constraint  for many 
manufacturers,  and  they  were  perhaps  twice as important an influence as 
automotive  gasoline  prices. 

ALTERNATIVE FUELS 

For alternative-fuelled  vehicles, we need to  continue  to  study  implementation. 
How are we going  to  begin  to  introduce  alternative-fuelled  vehicles?  Should  they 
be single  alternative-fuelled  vehicles or dual-fuelled  vehicles right at the start? If  
dual-fuelled  vehicles  are  introduced, how do we encourage individuals to 
purchase  these  vehicles? Do we subsidise consumers or do we set mandates 
for  manufacturers  to  sell a certain number of such  vehicles? I f  a mandate is 
imposed, how do we get  people  to buy the fuel? 
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It is  not enough to  introduce  the  dual-fuelled  vehicle (DFV) without some incentive 
for  the  alternative  fuel  to be  preferred  over  the  conventional  fuel in most  use 
circumstances.  Research  on  understanding consumer reaction  to, and 
acceptance  of, new technologies is generally  lacking. The issue  of  adaptation 
and ways of  slowly  changing  individual  fuel  use  without  noticeably  affecting 
lifestyle and  budget is  critical to the  success of  strategies to reduce  transport 
emissions. 

The recent  development of  flexible-fuel  vehicle (FFV) technology  for 
methanol-gasoline  blends makes multi-fuel  technology a reality  not just a 
possibility.  Unlike  dual-fuelled gasolinekompressed natural gas technology, 
which  has  been available  for some time in a  number of countries,  the F N  
technology  has  the  potential  to  be  relatively  inexpensive and nearly  invisible to 
the consumer. 

This  invisibility  is a critical  consideration in the  marketing  of,  and  adaptation to, 
substitute  fuels  or  fuel  mixes. If this  is combined with the  intense  interest in using 
alcohol  fuels, compressed natural gas, or  electricity  to reduce  motor  vehicle 
emissions  (Alson,  Adler  and  Baines 1988), the emergence of  significant  fuel 
markets in the  next decade or so becomes a real  possibility. 

Flexible-  or  dual-fuel  markets will differ in important ways from  current  motor  fuel 
markets. Whether the  fuel  is  methanol  or compressed natural gas or something 
else, i t  is likely to be  derived  from a different  feedstock. The fuels  motorists 
choose today  are  predominantly  derived  from  petroleum,  giving  fuel  producers 
considerable  flexibility  to  adjust to changes in the  market,  using  the same stock 
of refinery equipment. 

Methanol in particular will require a totally  different  production plant. Significant 
swings in the  methanol  market  share will put the  entire  capital  stock  at  risk. Wide 
swings in demand are  possible, because FFVs could  perform  nearly  equally  well 
on either  fuel. Given  the number of FFVs sold, one  can estimate  potential 
demand, but  actual  sales will depend  on prices and  consumer perceptions. 
Because of  this, it is  highly  likely  that  alternative  fuels  markets  created to reduce 
pollution will require  regulation to ensure  effectiveness. 

This  issue  requires  careful  consideration,  especially by those  supporters  of  the 
role  of market  prices  (modified by tax strategies),  since many believe that the 
price mechanism will become an  imperfect  basis  for  encouraging  both  the  supply 
and demand for  alternative, more fuel  efficient and  cleanertransport  fuels. 

The idea of electrification of major  roads  (Nesbitl 1989) can  be  considered part 
of an FFV strategy, where infrastructure  is used to  assist in the  reduction of 
transport  emissions. I f  the  limited  range  battery  technology  could  be 
supplemented with electricity  supplied  through  the roadway, using known 
technology  on air gaps  between  the  roadway  and  the  vehicle,  the  idea of  electric 
highways  could  be commonplace in the  next  century. 
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VEHICLE USE REDUCTION 

The long  run  involves  investigation  of  strategies  which may not pay off for ten, 
twenty  or fifty years, but could  pay off in the  time  scale  of  the  major changes in 
transport  emission  effects. It includes  greater  vehicle fuel efficiency and the 
introduction  of  alternative  fuels as major  transport  fuels, changes in land use 
patterns, and other  spatial  considerations  that  impact on vehicle  use. Many of 
the  factors  which  generate  vehicle  use  are  structural,  related to infrastructure 
which  takes a long  time  to turn over. 

OVERVIEW 

It is necessary  to  keep  an open mind on all  the dimensions. What happens if 
governments gradually phase in an  increase in fuel tax,  increase  charges  for 
parking in the central  business  district,  promote  increased  use  of  public  transport, 
promote  alternative  transport  fuels,  subsidise  certain  kinds  of  vehicles,  introduce 
telecommuting  and so on? 

In Australia,  public  transport  fares  have  increased in real terms  more  than  the 
price  of  petrol; and  indeed  most  public  transport  agencies  appear little  interested 
in transport  emissions - they do not see the potential  role  they might play in the 
long term, despite  the  current  evidence  that  price  is  not a direct  determinant  of 
mode choice  for  urban commuting. 

Allowance  for  all  these  contributing  policies  is a complicated  modelling  exercise, 
but it is likely to be  the  reality, and if we are to get a real  understanding  of what 
may be  possible, it is necessary  to  look  at  all  these  things  together.  For example, 
the  long-term  growth in GNP could go down by 1 percentage  point  primarily 
because of  increased  expenditure  on  energy. 

Existing  econometric models do not  allow  for  dramatic changes in vehicle 
efficiency  or  the  introduction  of  alternative  fuels.  While the models  can  handle 
increases in the price of  fossil  fuels, if there  is a cap  beyond  which  alternative 
fuels  would  be  introduced,  the  models  cannot  assess  the  implications  of  this on 
emissions  and GNP losses. 

This brief position  statement  highlights the importance of  forecasts  of  types  of 
influences on  energy  consumption:  vehicle fuel efficiency,  vehicle use and  the 
timing of the  introduction  of  alternative  technologies. In evaluating  currently 
available  energy  forecasts in Australia,  these  dimensions will be  given 
consideration. 
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CHAPTER 3 AUSTRALIAN ENERGY  FORECASTS IN THE 
TRANSPORTSECTOR 

Three  major  sets  of  forecasts  of  transport  fuels  are  currently  available in Australia. 
These forecasts  are  developed by the  Australian  Bureau  of  Agriculture and 
Resource  Economics (ABARE), the  oil companies as  synthesised  by  the 
Australian  Institute  of  Petroleum  (AIP), and the  National  Institute  of Economic  and 
Industry  Research  (NIEIR). ABARE has  taken  over  from  the  Department  of 
Primary Industries and  Energy in the  development of  the  Federal  Government's 
forecasts. The three  sets  of  forecasts up to the  year 2000, completed in 1989, 
are summarised in table 3.1, for  selected  years. 

The gaps in table 3.1 indicate  that  the  available  data  cannot  be  used  to  allocate 
fuel  types  to  particular  transport  sections. AIP and NlElR  supply  petroleum  fuel 
results  for  the  entire  set  of  users of petroleum,  and  only  separate  out  road 
transport and aviation. The transport  sector  represents  approximately 70 percent 
of  the  total consumption,  making it impossible  to  isolate rail and  sea  from  the 
remaining  petroleum  forecasts  given  by NIEIR. 

Where comparisons  can  be made, it is  notable that ABARE forecasts  are  either 
virtually  the same as AIP and NlElR  or  slightly  higher. In aggregate  the NlElR 
projection  is  around 0.5 percentage  points  below  the ABARE projection, 
representing a difference  of  around 5000 megalitres by the  year 2000. A 
summary of  key assumed or  implied  forecasts  of  growth in respect  of a number 
of  important  inputs  or  outputs  is  given in table 3.2. In the  context of automotive 
diesel  oil,  there  is  quite a substantial  discrepancy between ABARE and  NIEIR. 

The most  problematic  comparison  for  the  fuels with a high  level  of consumption 
in the  transport  sector  is  automotive  diesel  oil  (alternatively  referred  to  as  distillate 
and automotive  diesel  fuel).  Automotive  diesel  oil (ADO) is a subset  of  the  generic 
category  of  gasoil,  which  comprises  products  used in cars and trucks - 
commonly called ADO, products  used in vehicles in off-road  situations  (for 
example, tractors,  harvesters  and  trucks  on  mine  sites), and products  used in 
stationary  applications  (for example, boilers  for  electricity  generation and other 
stationary  engines). The AIP  industry  projections  for  automotive  diesel  fuel  inland 
is a projection  forgasoil  inland, that is,  total  gasoil  less  that used by bunkers. The 
ABARE definition of transport  fuels  excludes  diesel consumed by vehicles on 
mining  sites and  farms (concentrating on the  Australian  Bureau  of  Statistics 
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TABLE 3.1 TRANSPORT FUEL FORECASTS: AIP, NlElR AND  ABARE: MAJOR FUELS 
(megalitres) 

1988-89  1993-94  1999-2000 

Item ABARE AIP NlEIR B A R E  AlP NIEIR B A R E  AIP NIEIR 

Road transport 
A D O  5085 na 5045  6777 
Automotive  gasoline 

na 

Leaded 
Unleaded 3 429 4308 na 10883  10611 

na 7728  7680 

Total  gasoline 16  929  17  180  17  078  18  611  18  291 

13 500 12  872 

Railway transport 
A D O  
IDF 

637 

All  rail 
66 

petroleum  fuels 703 

lnternationalbunkers 
A D O  80 
IDF 71 
Fuel oil 564 

A D O  
Coastalbunkers 

IDF 
101 

Fuel oil 
38 
564 

Air transport 
Aviation  gasoline 118 
Aviation  turbine 

na 
na 

na 

na 
na 
na 

na 
na 
na 

121 

fuel 2970  3031 

A D O  in total 5 903 
Othergroupings 

IDF in total 
A D O  road 

175 

plus  rail 5 722 9 

fuels 
All  shipping 

1410 

na 
na 

667a 

na 

na 
na 

761 

na 
na 
na 

na 
na 
na 

l19 

2 980 

na 
na 

M 

300 

671 
66 

737 

73 

490 
71 

106 
33 
61 2 

127 

3 609 

7 554 
170 

na 
na 

na 

na 
na 
na 

na 

na 
na 

129 

3 826 

na 
na 

7 448 11 525= 

1 385 na 

5996  9196 na 7547 

na 2357 2788 
na 17439 16577 

na 
na 

18317  19796  19365  19616 

na 
na 

750 

na 
na 
na 

na 

na 
na 

127 

3 280 

709 
66 

775 

80 
71 
51 0 

117 

666 
30 

136 

4 578 

na 10102 
na 167 

na 
na na 

na 

na 727 

na na 
na na 
na na 

na na 

na 
na 

na 
na 

134 141 

4496 4015 

na na 
na na 

na 9 905  13  60ga na 

361 1474 na 409 

a.  Includes  non-transport  stationaty  engines. 
A D O  Automotive  diesel oil. 
IDF Industrial  diesel  fuel. 
na Not  available. 

Note ABARE publishes  forecasts in petajoules and the  other  forecasts  are  published in 

gasoline 0.0342 PJ/ML; automotive  diesel oil 0.0836 PJ/ML; industrial  diesel  fuel 
megaliires. The conversions  factors  from  petajoules to megaliires  are:  automotive 

0.0396 PJ/ML; aviation  turbine  fuel 0.0368 PJ/ML; aviation  gasoline 0.033 PJ/ML; LPG 
0.0257 PJIML; fuel  oil 0.0392 PJlML (ABARE 1989, table 4.2, p. 46). 

Sources ABARE (1989); Australian  Institute  of  Petroleum (1989); NIEIR (1989), 
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TABLE 3.2 COMPARISON OF AVERAGE  ANNUAL GROWTH 

ABARE AND NlElR FORECASTS 
RATES AND  SHARES ASSOCIATED WITH THE 

(percent) 

Item B A R E  NIHR 

Road transport 
Passenger  vehicle  stock 0.87 
Light  commercial  stock -0.4 - 
Passenaer  and liaht  commercial  stock - 2.4 

- 

Articulated  truck  Stock 
Rigid tick  stock- 

Passenger  vehicle VKT 
Light  commercial VKT 
Passenger  and light commercial VK7 

Articulated  truck VKT 
Rigid  truck VKT 

Total  energy  consumption 
Total  petrol  consumption 
Total  diesel  consumption 
Total LPG consumption 

Automotive  gasoline  consumption 
LPG's share 1988-2000 

Automtive  diesel oil consumption 
Fuel  efficiency 

commercial 
Passenger  and  light 

Articulated  trucks 
Rigid  trucks 

Total  energy  consumption 
Aviation transport 

Aviation  turbine  fuel  domestic 
Aviation  turbine  fuel  international 
Aviation  gasoline  fuel  domestic 
International  passengers 
International  passenger-kilometres 
International  passenger  arrivals 
Freight  tonne-kilometres 

Gross  domestic  product 
Othergrowth rates 

Population 
Deregulation  of  airlines: costs 

Oil prices (1988 US$) in 2000 
Oil prices (1988 US$) in 1988 

1.43 
2.63 

3.73 

0.02 

5.3 
4.92 

2.7 
1.49 
5.74 
5.31 

2.2 to 2.7 
1.4 
5.5 

- 

-0.6 to -1.4 
-0.5 to -1 .o 
-0.5 to -1 .o 

3.9 
4.8 
3.1 
0.3 

5.9 - - 
- 

3.0 

13.83 
18.0 

- 

2.08 
2.8 

- 
- 

0.05 
l .39 
1.84 

1.97 
1.27 
3.73 

2.7 to 3.3 
3.10 

1.27 
3.7 

-1 to -1.25 
-1.2 
-0.5 

2.80 
2.47 
3.30 
1.57 

5.09 
2.48 
5.09 
2.47 

3.02 

-10.0 
1.3 

18.0 
25.0 

- Item  not  forecast. 
VKT Vehicle-kilometres  travelled. 
Note A l l  data  refer to the  period 1989-2000 unless  stated  otherwise, 

and  are  associated with the 1989 forecasts  of ABARE and 
NIEIR. 

Sources ABARE (1989); NlElR (1989). 
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definition  of  road  transport  which  is in terms of  travel between  two places). Thus, 
even i f  we could  separate  stationary  consumption  of A D O  out  of  the AIP figures, 
there is s t i l l  the  definitional  problem  of  on-site  vehicle  use. 

Advice  from  Shell  Australia (Anne Parsons,  pers. comm., 9 February 1990) 
suggests that it is not possible  to  accurately  separate  out  the  road  transport and 
stationary  consumption of A D O  from  the oil companies records. A substantial 
amount of  the 9667 megalitres A D O  road  plus  rail used in 1988-89 (NIEIRfigure 
in table 3.1), is  actually  for  non-transport  stationary  engines, and  hence we have 
to  treat  the  AIP  historical  data and projections with great  caution. The ABARE 
breakdown (identified  from  tables G1 and G2 of ABARE 1989) is  not  very  useful 
when we are trying to compare alternative  sources of historical and  forecast  data. 

When  we compare the combined A D O  forecast of AIP with the ABARE forecast 
in table 3.1, the  differences  are  substantial. The comparison  unfortunately  has 
to  be highly qualified because of  the  definitional  differences: if we compared the 
total  of A D O  (that  is,  all sources)  reported by ABARE  (ABARE 1989), the 
differences  are far less  substantial.  NlElR  forecasts a 3.7 per  cent  average 
annual  growth  rate  over the 1989 to 2000 period, compared to 5.5 per cent by 
ABARE. 

The higher  projections  of ABARE (or  lower  estimates  of  NIEIR)  are  not  easy to 
reconcile. It does  appear that ABARE’s assumption  on  substitution  for 
automotive  gasoline and the  expected  growth in the  road  freight industry 
contribute  to  explaining  the  differences. More notably,  however, ABARE 
forecasts a similar  rate  of  growth  of  truck  stock, but its  projected  rate  of  growth 
of  vehicle-kilometres  travelled (VKT) is  substantially  higher  than  the NlElR  rates 
(table  3.2).  This  is one plausible  explanation  and  suggests  that much more 
research is  required  into VKT growth. 

Caddy (1985) shows that  the  main  short-run  impact  of  motor  gasoline  price 
movement on demand is  felt through changes in VKT (a VKT elasticity  of  -0.34); 
in the  longer run the movement towards more fuel  efficient  vehicles pushes the 
elasticity up to -0.44. An unpublished  investigation by Hensher, in the  context 
of passenger  vehicles,  suggests  that tying VKT growth  to GDP is a dangerous 
practice, and may partly  contribute to explaining why ABARE has  estimates  that 
are  generally too high. 

Both  the ABARE and NlElR forecasts  use  reasonable  assumptions of changes 
in fleet  fuel  efficiency  (table  3.3).  NlElR assumes an  annual  average 
improvement of  fleet  fuel  efficiency  for  all rigid diesel  vehicles of 1.2 per  cent , 
and 0.5 per  cent  for  articulated  diesel  vechicles up to 2000. ABARE assumes  a 
fleet fuel efficiency improvement  averaging 0.4 per  cent  per  year up to 2000. 
Thus ABARE is much more conservative  on  improvements in fleet average fuel 
efficiency,  further  adding  to  its  higher A D O  forecast. 

W e  have to  recognise  that, where  the  Australian  Bureau  of  Statistics  Survey of 
Motor Vehicle Use is used to obtain fuel efficiency,  there  is a large  margin for 
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TABLE 3.3 ROAD  TRANSPORT  FLEET  FUEL EFFlClENClES 
(/itres per 100 kilometres) 

1985 2000 

ABARE NlE/R ABARE NlElR 

Cars, wagons 
Petrol 
Diesel 

12.1 l 
10.14 

- 10.25 
- 9.55 

Light commercial 
Petrol 13.49 - 10.68 
Diesel 12.19 - 11 S4 

Cars, wagons, light 
commercial 

Petrol and diesel - 12.32 - 
Rigid  trucks 

A l l  fuels 
Diesel 

25.61 
25.77 

20.44 
21.27 

Articulated  trucks 
All fuels 53.56 - 48.24 
Diesel 53.1 1 - 49.31 

- Item not forecast 

Source ABARE (1989); NlElR (1989) 

error. Respondents are  asked  to  directly  indicate  the  litres per 100 kilometres 
achieved by their vehicles, with no allowance for different driving cycles  or quality 
of driving and  maintenance.  This is  unfortunately a common problem with most 
data sets  used  to  obtain fuel efficiency  estimates for the  entire  fleet  of new and 
used  vehicles (Hensher, Milthorpe,  Smith & Bodkin 1986). 

For  vehicle  registrations in the  year 2000, ABARE forecasts rigid diesel  truck 
stockto  be 455 000, whereas NlElR forecasts 431 650. (The respective numbers 
for  articulated  trucks  are 60 000 and 64 000.) The  numbers for diesel 
automobiles  are  very  similar (ABARE 376 639; NlElR 373 580). Thus we have 
a 2.6 per cent  higher  level of diesel  road  vehicles in the ABARE forecasts, 
reflecting  the more optimistic  growth in fuel substitution  than  NIEIR. Combined 
with the slower  rate  of  fuel  efficiency improvement, this can explain  quite a lot, 
but certainly  not  all,  of  the  difference in the  forecast for the year 2000 of the 
ABARE forecast (9196 megalitres) versus the NlElR forecast (7547 megalitres). 
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CHAPTER 4 THE ABARE FORECASTS 

In order  to  appreciate  the  difficulties  of  forecasting  fuel  consumption in the 
transport  sector, the Transport  Research  Centre  undertook a comparison of 
ABARE forecasts (ABARE 1989) with those  undertaken in 1984 by the 
Department of Resources  and  Energy  (1984). The forecasts and some actual 
levels of consumption  are  given in table 4.1. 

COMPARISON OF THE 1984 AND 1989 FORECASTS 

There  are some notable  differences in the  forecasts made in 1984 and 1989. 
Some of the  comparisons  are  between  actual demand (that  is,  the  levels up to 
1988-89 estimated in 1989) and forecasts  (that  is,  the  projections up to 1988-89 
made in 1984). 

Aclose inspection  of the results  suggests  that,  forthe  majorfuels in road  transport 
and aviation,  beyond two years  there  has  been a tendency to underpredict  quite 
substantially,  although  for  automotive  diesel  oil  there  is a substantial 
underprediction  even  after one year. 

This  limited comparison also adds credence to the  widely  held  view  that 
forecasting  beyond 18 months is extremely  difficult and, in particular that i f  
econometric  models  are  used,  they  should  be  consciously  combined with a 
substantial amount of judgment,  scenario  analysis  and  market  segmentation. 

The  ABARE projections made in 1989 are  obtained  from  econometric  models 
and extrapolative  techniques. The road transport fuels  and  aviation  turbine  fuel 
projections  are  derived  from  econometric  models;  the  water and rail transport 
fuels and aviation  gasoline  are  projected  from  simple models  and extrapolative 
techniques. 

Road transpon 
Looking at road  transport  energy  consumption  as a whole, i t  is assumed by 
ABARE to increase at an  annual  average rate of 2.7 per  cent  from 1988-89 to 
1999-2000. This is considerably  higher than the NlElR average rate  of 1.97 per 
cent. All consumption of fuels in on-road  vehicles is  allocated  by ABARE to the 
road  transport  sector rather than allocated  between  personal  transport and 
individual industries. 
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A 
cJ) TABLE 4.1 COMPARISON  OF  FORECASTS  MADE IN 1984 A N D  1989 AND  ACTUAL  CONSUMPTION 1985-86 A N D  1988-89 ro 

(petajoules) il 
1999- 8 

Item 1985-86  1986-87  1987-88  1988-89  1989-90  1990-91  1993-94  1996-97 2000 8 2. 
Road transport 
Liquid  petroleum gas 

Difference  (per  cent) 

Auto gas (unleaded) 

Diference  (per  cent) 

Auto gas (leaded) 

Difference  (per  cent) 

% 
2 
Y 
8 

12.9  14.2  15.6  16.8  18.0  19.1  22.1 
12.3 
-4.7 

13.7  15.3  17.3  18.7  20.0 
-3.5 -1.9  +3.0  +3.9  +4.7 

23.6  26.3 
+6.8 

28.6 

17.2  51.3  84.7  126.6  166.6  204.1  300.5 
18.4 
+7.0 

47.8  82.3  120.7 
-6.8 -3.0 4.7 +7.1 

178.5  227.9  372.2  503.8 
+l 1.7  +23.9 

596.4 

526.0  491.7  456.0  409.7 
527.6 497.8 

364.3 
482.6 

321.0 
461.7  414.8 

206.3 

+0.3 +l .2  t5.8  +9.9 
378.3  264.3  155.5 

+13.9  +17.9  +28.1 
80.6 

b 

v 

Auto gas (leaded plus unleaded) 543.2  539.5 
546.0 

540.7 
545.6  564.9 

536.3  530.9  525.1  506.8 
582.4 

Difference  (per  cent) 
593.3 

+0.5 +0.2  +4.5 4.6 
606.2 636.5 

+11.8 
659.3  677.0 

+l55 +25.6 

Automotive  diesel oil 

Difference  (per  cent) 

Railway transport 
Automotive  diesel oil 

Difference  (per  cent) 

Industrial  diesel  fuel 

161 .O 
143.3  152.9  163.3  173.0  183.4  194.2 

169.1  180.7 
229.2 

196.3 
+l 2.4  +9.9  +10.7 

209.6  222.6 
+l35 

261.6 
+14.3  +14.6 

305.1 
+14.1 

355.0 

28.6  28.4  27.1 
24.7  25.8 25.1 

26.0 
24.6 

26.5  26.9 
25.1 

28.3 

-13.6 
25.1  25.9 

-9.4 
26.7 

-7.4 
27.4 

4.0 -5.3  -6.7  -8.5 

2.6 
nf 

2.6 
nf 

2.6 
nf 

2.6 
nf 

2.6 
nf 

2.6 
nf 

2.6 
nf 

2.6  2.6 



TABLE 4.1 (Cont.) COMPARISON OF FORECASTS  MADE IN 1984 A N D  1989 AND  ACTUAL  CONSUMPTION 1985-86 A N D  1988-89 
(petajoules) 

Item 1985-86 198687 1987-88 198849 1989-90  1990-91  1993-94  1996-97 
1999- 
2000 

Electricily 

Difference  (per  cent) 

Automotive  diesel oil 
International bunkers 

Difference  (per  cent) 

Industrial  diesel fuel 

Difference  (per  cent) 

Fuel  oil 

Difference  (per  cent) 

Black coal 
Coastal bunkers 

Ditierence  (per  cent) 

Automotive  diesel oil 

Diflerence  (per  cent) 

Industrial  diesel  fuel 

-.I Difference  (per  cent) 
2 

3.5 

+8.6 
3.8 

0.8 

+12.5 
0.9 

3.1 

-3.2 
3.0 

29.0 

-42.7 
16.6 

4.1 
3.3 

-17.1 

4.4 

-25.0 
3.3 

2.7 
2.7 
0.0 

3.8 

+5.3 
4.0 

0.9 

+55.5 
1.4 

3.2 
2.8 

+20.0 

29.3 

-41.3 
17.2 

4.1 

-7.3 
3.8 

4.4 

+27.2 
5.6 

2.4 
2.3 
-4.2 

4.4 

+2.3 
4.5 

0.9 

t200.0 
2.7 

2.5 

+28.0 
3.2 

29.5 
18.7 
-36.6 

4.1 
3.1 

-24.4 

4.4 
4.3 
-2.3 

2.2 
1.8 

-18.2 

4.9 

+34.7 
5.2 

0.9 

t244.0 
3.1 

2.3 
2.8 

+21.7 

29.8 

-25.8 
22.1 

4.1 
3.6 

-1 2.2 

4.4 

-1 1.4 
3.9 

1.9 
1.5 

-21 .o 

5.0 

+8.0 
5.4 

0.9 

t200.0 
2.7 

2.0 
2.8 

+40.0 

30.0 

-37.7 
18.7 

4.1 
3.5 

-14.6 

4.4 
3.9 

-1 1.4 

1.7 
l .5 

-1 1.8 

5.1 

+7.8 
5.5 

0.9 

+200.0 
2.7 

2.8 
1.8 

+55.5 

30.2 

-37.7 
18.8 

4.1 
3.7 
-9.7 

4.4 
4.0 
-9. l 

1.6 
1.4 

-12.5 

5.5 
6.1 

+10.9 
6.5  6.9 

0.9 
2.8 

t153.0 
3.0 3.1 

l .3 
2.8 

tl15.0 
2.8  2.8 

30.6 

-37.3 
19.2  19.6  20.0 

4.1 
4.1 
0.0 

4.5 
4.1 
-8.9 

1 .l 
1.3 

t18.2 

4.3  4.3 

4.3  4.5 



A m TABLE 4.1 (Cont.) COMPARISON  OF  FORECASTS  MADE IN 1984 A N D  1989 AND  ACTUAL  CONSUMPTION 1985-86 A N D  1988-89 
(petajoules) 

Item 1985-88 198687 1987-88 198849 1989-90  1990-91  1993-94  1996-97 
1999- 
2000 

Fuel oil 

Difference  (per  cent) 

Natural gas 

Air transport 
Aviation  gasoline 

Difference  (per  cent) 

Aviation  turbine  fuel 

Difference  (per  cent) 

~ ~ 

29.9  30.2  30.5  31 .O 31.2 30.7 
24.8  24.2  24.6  22.1 

31.7 

-17.1  -19.9 
22.8 

-19.3 
23.1  24.0 

-28.0 
25.0 

-26.5  -25.9 
26.1 

-24.3 

~~ ~ ~~~ ~ 

nf  nf  nf  nf nf nf nf 
0.0 0.0 ' 0.1 0. l ,O.l  0.1 0.1 0.1  0.1 0 

(3 

U 

3.6  3.7  3.7  3.7 
3.5  3.7  3.9 

3.7  3.7  3.8 
3.9 

-2.8 
4.0 

0.0 +5.4 +5.4 4 . 1  +8.1 
4.0  4.2  4.3  4.5 

+l05 

85.7 
89.3 

88.5 
93.2 

91.5  94.6  97.8  101.3 11 7.0 
102.5 109.3 

+4.2 
113.4  118.0  132.8  149.5  168.5 

+5.3 +12.0 +l55 +l 6.8 +l65 +l35 

Autogas Automotive  gasoline. 
nf Not  forecast. 

Notes 1. First row is forecasts made in 1984. Second  row is  actual  levels up to 198849; afler 1988-89 is  forecasts made in  early 1989. Third row is 
percentage  difference between forecasts made in 1984 and 1989 recognising  that  the 1989 data  include  actual consumption  up to 1987-88. 

the  forecasts  for  the  period 1988-89 to 1999-2000 were revised upwards in the 1989 edition. 
2. A positive  sign  indicates  either  that  the 1984 forecasts were low in comparison to historical  data  in  the  period 1985-96 to 1987-88, orthat 

Source ABARE (1989); Department of Resources  and Energy (1984). 
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The assumed growth in ADO is  the most  rapid (5.5 per  cent compared to 3.7 per 
cent  of  NIEIR) due tathe  assumedcontinued substitution  for  automotive  gasoline 
in the  commercial  vehicle  sector and the  continued  growth  of  the  road  freight 
industry. W e  note  the  recent  efforts by State  governments,  especially New South 
Wales, to  assist  the  railways  to make them  more competitive with road  freight 
vehicles. 

Automotive  gasoline  consumption is assumed by ABARE to  increase at 1.4 per 
cent  per  year,  the same as the  average  rate  observed  since  the  mid 1970s. The 
mix  of  leaded and unleaded  petrol is assumed to go  from 80:20 to 12:88 by 
1999-2000. 

Aviation 

The air transport  sector‘s  major  fuels  are  aviation  turbine  fuel and aviation 
gasoline. The projections have  been revised upwards substantially  since  the 
Energy2000report (DPIE 1988), increasing  from 2.9 per  cent  to 3.9 percent  per 
year.  This  revision  is due to the downward revision in expectations  concerning 
future  oil  prices and the  substantial upward revision in the  Department of 
Transport and  Communications’  forecasts of growth in international passengers 
t o  and  from  Australia (5.9 per  cent  per  year). Energy2000assumed 2.6 per  cent 
per  year up to the  year 2000. 

The revised 3.9 per  cent  contrasts with the  worldwide  best  estimate of air 
passenger  growth  averaging 5.7 per  cent  annually  for  the  next 15 years  (Boeing 
1989; McDonnell  Douglas 1989). Discussions with the  Domestic  Aviation 
Division  of  the  Department  of  Transport and  Communications (6 February 1990) 
suggest  that  according  to  the  long-term  trends  the  growth of domestic  passengers 
is close to 7 to 8 per  cent,  implying  that  the ABARE revision used in the 1989 
energy  forecasts is also too  low.  This  further  helps  to  isolate  the  sources  of 
forecast  error. However, with deregulation  any  assumptions  on  domestic  aviation 
could  be  proved to be substantially  incorrect  over  the  next  few  years. 

Beyond the  year 2000 further  consideration will have to be  given  to  the  fuel 
efficiency of the 1990s generation  of  aircraft,  which may  come on stream  earlier 
than  currently  envisaged once the  skies  are opened to new and diversified 
competition. A synthesis  of new aircraft  technology,  together with the  estimated 
effectiveness of advanced  energy  efficiency  technology  for  aircraft,  is  given in 
appendix 1. All  current  forecasts assume the  existing  composition  of  the  aviation 
fleet. Improvements in the  energy  intensity  of  aviation  have  also  been  notable 
since  the  early  seventies  (figure 4.1, International  Energy Agency 1987). 

Shipping 

For  the sea vessels,  the oil companies supply  historical  data  on a State-by-State 
and fuel-by-fuel  basis. ABARE uses essentially  visual  extrapolation.  Given  the 
relatively  small amount of  local  fuel  going  into  ships’  bunkers, we do not comment 
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a.  Index based on consumption of aviation  fuel  in OECD 
countries  divided by world  total of ton-kilometres  flown. 

Source International  Energy Agency (1987). 

Figure 4.1 Energy Intensity  in  Aviation 
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a.  Index based on world  bunker oil demand divided by 

Source International  Energy Agency (1987). 
Figure 4.2 Energy Intensity in World Shipping 

laden  ton-miles. 
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on this  sector. A substantial  quantity  of  fuel  is  purchased  overseas  (although  the 
amount is unknown). 

The greatest  potential  for  reducing greenhouse  gas  emissions  from  international 
bunker  fuels comes from  improved  technical  efficiency, by improving  revs  per 
minute as well  as  the  surface  area  of  vessels  which  creates  the  resistance. A 
gradual  shift  from steam  turbine  ships  to  motor  diesel powered  ships, 
improvements in the  design  of  diesel  engines  and  propellers,  and  slow  steaming 
have all added to  the  improved  energy  efficiency  of  the  maritime  sector, as 
measured  byworld  bunkeroildemand  perladen  ton-mile  (figure 4.2, International 
Energy Agency 1987). 

Coastal  bunkers  are  further  limited  technologically by port  constraints,  which 
condition  the  size, draft, beam, and length of vessels. The economic life of a ship 
is  typically 10 to 15 years,  although many have  older  design  lives  of up to 25 
years. It is reasonable  to assume that  the  current  fleet  represents  the  fleet up to 
the year 2000. However, even if there was a disagreement  about  this,  including 
any  claim  of a major  program of engine  retrofit,  which  is  extremely  unlikely, any 
planned changes in technology  and  operating  environment  are  unlikely  to  affect 
the  aggregate  consumption of bunker  fuels. 

Exogenous influences on the  forecasts 

In the  road  and  aviation  sectors,  the major exogenous inputs  are the future  rate 
of economic  growth  (represented by gross  domestic product), the  future path of 
energy prices, and  the  technological  developments in aircraft and automobile 
engine  technology. GDP is assumed to grow at 3 per  cent  per  year  over  the 
period up to  the  year 2000. A close  functional dependence is assumed to exist 
between  energy  consumption and  economic  growth,  although  the  relationship 
could  besignificantlyaffected by effectiveconservation measures  (Marks 1989a). 
ABARE assumesthat the  prices  of  petroleum  products in Australia will rise in real 
terms, in line with movements in world  oil  prices. 

Industry  analysts  suggest  that  oil  prices will remain  relatively  low in real terms 
throughout the 1990s (Clarke  1989). ABARE assumes that world oil prices  are 
most likely  to  rise  over  the  projection  period  to  an  average  of US$18 per  barrel 
in 1988 dollars in the year 2000, an  increase  from a world  trade  weighted  average 
of US$13.83 per  barrel in 1988. This  increase in price  per  barrel  is based  on  the 
assumption  that OPEC will increase its share of world  oil  production and trade 
over  the  199Os, but not  to  the  extent that prices will rise  steeply. 

NlElR questions  the  assumption  of a constant US$18 per  barrel  price  over  the 
period to 1990. It raises  doubts  about  the much higher 1990-2000 oil  production 
profile of 1989 compared to  the  corresponding 1987 Department of  Primary 
Industries and  Energy  report.  That is, unless some tax  reductions were 
implemented,  funds  accruing to  the  industry may be insufficient  to  attain  the 
projected  production  levels. 
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The moderating  influences on OPEC price  increases  are: 
the  continuing  tensions within OPEC, although some OPEC watchers 
suggest  that OPEC, with about  two-thirds of the  worlds  reserves, is 
expected to  reassert  control  over  prices sometime in the 1990s 
(Transportation  Research  Board  1989); 
the  demonstrated  price-responsiveness of both  world oil demand and 
non-OPEC supply; - the  recent  significant  increase in the  level of demonstrated  world oil 
reserves; 
the  existence  of  very  large  quantities of alternative  sources  of liquid fuels 
such  as oil shales  and  heavy  crude oil. 

ALTERNATIVE  FUELS 

Petroleum  products  are assumed by ABARE to  continue  to  dominate  transport 
energy  use up to  the  year 2000. LPG, natural gas  and  methanol  are  considered 
to have some potential as economically  viable  alternative  transport  fuels in the 
1990s. 

LPG 

ABARE assumed a 2.7 per  cent  share of total  road  transport  fuel  consumption 
by the  year 2000, increasing  from the 1988-89 share of 2.2 per cent. The rapid 
growth in consumption of LPG is assumed to  continue to 1999-2000, but at a 
lower  rate  than in the  recent  past. The distribution  infrastructure  is now quite 
extensive,  although  further  market  penetration may be  constrained by its 
availability. 

Natural gas 
Although  natural gas is  currently a negligible  contributor  to  transport  energy 
consumption,  the  gas distribution  infrastructure  is in place,  and  natural gas could 
be  promoted much more  as  an alternative  road  transport  fuel. The technology in 
vehicles  is  proven  overseas,  and is in the  demonstration  phase in Australia. 

The State  Transit  Authority of New South Wales introduced two buses  powered 
by compressed natural gas (CNG) in the Sydney metropolitan  area in May 1989, 
returning a 36 per  cent  saving in fuel  costs  per  vehicle,  at a current  fuel  price  of 
$7.30 per gigajoule.  Another 200 C N G  powered  buses are  being  considered, 
with an  eventual  replacement of  the  entire  fleet of 1500 buses (Energy Focus 
1990). The State  Transit  Authority  claim a 25 per  cent  reduction in carbon  dioxide 
emissions, a 33 per cent  reduction in hydrocarbon  emissions,  and a 50 per  cent 
reduction in carbon  monoxide  emissions. The capital and operating  costs  are 
comparable to diesel. 

Market  penetration  for C N G  would  have to  be  preceded by the  installation  of 
compression or  liquefaction  facilities and the necessary  modifications  to  vehicular 
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fuel systems to enable  transport  use.  Natural gas is a candidate  for  dual-fuelled 
vehicles, and with the right  incentives,  both in terms of  vehicle  purchase  price 
and fuel  prices,  could be introduced  fairly  soon. 

Despite  the  current  efforts in Australia  to promote this  alternative  fuel  for  road 
transport,  its  contribution  to  energy  consumption in transport up to  the  year 2000 
is assumed by ABARE to be  negligible.  Given  the oil price  outlook,  the economics 
of  natural gas are  unlikely to improve  markedly  over  the  next  ten  years  unless 
significant improvement in its ease of storage  or  use  occurs. The current 
demonstrations  are in urban  transit buses  and  long-haul  trucks.  Clark (1989) 
cites  forecasts  of 4 petajoules of sales in these  two  areas by 1993-94. 

Given  the  dominance of  the  car in the  total  annual  vehicle-kilometres  (for 
example, 92 per  cent  of  total  vehicle-kilometres in Sydney in 1988, with another 
7 percent for commercial  vehicles),  the  major  savings in energy  consumption will 
flow  from  car  conversion. 

Methanol 
This  fuel  currently  has a low  level  of  public acceptance of  its  potential.  Although 
thereisactivedevelopmentanddemonstrationinanumberofcountries(DeLuchi, 
Johnston & Sperling 1988), there is  currently no production  of  this  fuel in Australia 
fortransport  purposes. The share of  energy  derived  from  methanol is assumed 
by ABARE to be  negligible in the  projection  period. 

ABARE'S MODELS 

The assumptions  on  growth  rates  are one means of  projecting  energy 
consumption, or can  form  the  basis  for  projecting exogenous variables in an 
econometric  model. To assist us in assessing the forecasts, we need to set  out 
the  models and extrapolative  procedures  used by ABARE for each type of fuel 
and transport  sub-sector. The main features  are summarised  below. 

ABARE: ROAD TRANSPORT FUEL 

The  ABARE forecasts made in 1989 were not based  on  the  set  of  econometric 
models originally developed  bythe  Department of  Primary  Industries and Energy 
(1987). Some major  concerns with the  forecasts  derived  from  the  suite  of  road 
transport  models  required ABARE to adopt a  more pragmatic and  judgmental 
strategy. However, there is a strong  belief  that  the  econometric  approach is still 
desirable in this  context and ABARE embarked on a major  review  and  revision 
of  the  road  transport model  system  (see ABARE 1991). 

ABARE's 1989 forecasts  of  energy  consumption  were  obtained  from a simple 
identity  which  linked  vehicle  utilisation to fuel  efficiency. To obtain  estimates of 
the  average  rate  of  vehicle  utilisation and fleet  fuel  efficiency i t  was necessary to 
identify  the  size and  composition of the new and  used  vehicle  fleet.  Separate 
estimates  were  obtained  for  six  categories of vehicles  (passenger,  light 

23 



BTCE Occasional Paper 103 

commercial, rigid trucks,  articulated  trucks,  buses and  motor  cycles)  and  each 
fuel where appropriate  (petrol,  diesel and  LPG). Somewhat informal methods 
were  usedtoforecast  energy  consumptionforthe fleet  of buses  and  motor  cycles. 

The demand for new vehicles was modelled as a function  of income, new vehicle 
prices, new vehicle fuel efficiencies  and  lagged new vehicle  registrations.  For 
articulated  trucks  the  fuel costs were related to an  index  of  interstate  rail  freight 
rates, to reflect changes in the  relative  cost-competitiveness of road  and rail 
transport. 

The empirical models are summarised  below. 

New cars andstation wagons (NCSW} 

In NCSWt= 8.1420 + 0.325 In RGDPt/ RVPt-0.3840 In RFPElt 
+ 0.3341 In NCSWg1 R* = 0.90 

New light commercial  vehicles (NLC) 

In NLCt= 1.5224 + 0.5318 In RGDPt- 0.3591 In RFPE2f 
+ 0.461 3 In NLCt-1 R2 = 0.94 

New rigid  trucks (NUT} 

In NRTt= 0.0354 + 0.7226 In RGDPf- 0.1768 In RDPElt 
+ 0.4649 In NRTtl  R2 = 0.91 

New articulated  trucks (NAT) 

In NATf= -7.5578 + 1.0174 In RGDPt- 0.4799 In RAT? 
+ 0.4649 In NATt-1 R2 = 0.76 

where: R G D P  is  the  real G D P  (1979-80 $ million); RVP is an  index of real  vehicle 
purchase price (1980-81 = 100); RFPEl = RFP . VENPV/11.1; 

RAT = RDP . VENAT / (51.7 . RRLRT); RFP is a real  petrol  price  index 
(1980-81 = 100); RDP is a real  diesel  price index (1980-81 = 100); VENPV, 
VENLC,  VENDRT,  VENAT are  the  efficiencies  (in  litres  per 100 kilometres)  of 
new petrol passenger  vehicles,  petrol  light commercial  vehicles,  diesel  rigid 
trucks,  and  diesel  articulated  trucks  respectively; and RRLRT is an  index of real 
rail  freight  freights. 

Used vehicle  registrations were derived  from the application  of a vehicle  survival 
function  of  the  logistic form. The physical age of  the  vehicles was the  prime 
determinant  of  scrappage. No allowance was  made for economic deterioration. 
The survivability model was parameterised  using  vehicle  registration  data from 
the  fourcensuses in 1976,1979,1982and 1985. 

Estimates  of  the  average  annual  kilometres  travelled by vehicles  of a given age 
and  year of f i r s t  registration were  derived from estimates  of  the  average  annual 
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distance  travelled by the  vehicle  stock, and  a  model of  the  relative  utilisation  of 
vehicles  of  different ages,  based  on  a  negative  exponential  function. 

Finally  the  average  fleet  fuel  efficiency was estimated  for  vehicles  of each  given 
age  and  year of  first  registration  from  the  average  rate  of  fuel consumed by new 
vehicles and the  effects  of  increasing  vehicle age  on rates  of  fuel  consumption. 
The resulting  utilisation  rates and fleet average fuel  efficiencies were  used to 
derive  energy  forecasts,  after  assumptions  were  imposed  on  each  model in 
relation to the exogenous variables. 

The assumptions  underlying  the  forecasts  of  levels  of  the exogenous variables 
were: 

real  vehicle  prices  for  passenger  cars and light commercials to  decline by 
1 per  cent  per  year; 
passenger  vehicle  fuel  efficiency  to  increase by 0.5 per  cent  per  year,  light 
commercial  vehicle  fuel  efficiency  to  increase by 1.4 per  cent  per  year up 
to 1993 and  then  increases by 0.6 per  cent  thereafter up to 2000, rigid and 
articulated  truck  fuel  efficiencies to increase  by 1 per  cent  per  year up to 
1994 and then by 0.5 per  cent  per  year up to the  year 2000; 
real  rail  freight  rates to decline  annually by 1 per  cent;  and 

m average rate of growth in real GDP of 3 per  cent  per  year. 

There was no direct  link between fuel  prices and  energy demand in the 1989 
ABARE road  transport  fuel  forecasts  (or  those  of  AIP and NIEIR). Given that the 
demand for  fuel  is  derived  from  the demand for  travel, it is more sensible to 
approach  the  problem  from  the  perspective  adopted by ABARE. This is  also  the 
general  thrust  of  the more detailed  modelling  exercise  undertaken by Hensher, 
Gunn and Botchie  (1989)  and by Hensher, Smith and Milthorpe  (unpublished)  for 
obtaining  all  the  necessary  elasticities  for  deriving  the  fuel-price  elasticity  of 
energy demand (see  appendix H). 

In chapter 5 we utilise a knowledge of the  relationship between fuel  prices,  fleet 
size,  vehicle  utilisation and fuel  efficiency  to  derive  suitable  fuel-price  elasticities 
of energy demand. 

Unfortunately,  without  re-estimating  the ABARE models it is not  possible  to 
identify  these  three  elasticities in orderto  derive  the  elasticity  of  current  interest. 

Road transport fuel: comparison with NlElR 

The NlElR approach  has many similarities  to  the ABARE method. Details  of  the 
equation  set  are  not  available.  Apart  from a  number of  different  forecast 
assumptions for  the exogenous variables,  which  are  thought to be  the  major 
explanation  for any differences in forecasts,  the  main  differences  are: - vehicle  maintenance  costs  are  included in the NlElR model for  the demand 

for passenger  vehicles; 
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- for  rigid and articulated  trucks, demand is  also  related to the  overall  activity 
in the goods sector;  and 
NlElR adjust the fleet  fuel  efficiency  estimates  obtained  from  the  Australian 
Bureau of  Statistics SurveyofMofor Vehicle Usage(SMVU) to  reconcile  the 
S M V U  results with known levels of fuel consumption,  assuming that  the 
average  annual  kilometres  per  vehicle  remain at  the 1988 level. 

ABARE: AVIATION TRANSPORT FUEL 

Separate  econometric  models  have  been  developed for  aviation  turbine  fuel 
consumed by domestic  and  international  aviation. The version of each  model 
used to derive  the  forecasts  reported in ABARE (1989) was not  then  published 
(but see ABARE 1991). The models  reported in Department of Primary  Industries 
and Energy  (1987)  have  been  superseded. 

Approximately  half of the  aviation  turbine  fuel isconsumed in each of the  domestic 
and international  markets  (domestic  consumption was  54 per cent in 1983-84, 
52 per  cent in 1984-85, 47 per  cent in 1985-86. 53 per  cent in 1986-87, and 
51 per  cent in 1987-88). 

Domestic  aviation 
The domestic  aviation  model was estimated  on a time-series  from 1969-70 to 
1986-87. Three  equations  were  separately  estimated: 

In PASKM = -6.524 + 1.668 In RGDPt + 0.748 In RAWEt+ 0.0387 In RPPt - 0.663 In RAFt R2 = 0.99, DW = 1.62 
SKM~= [l/ut] PKM; 

In DACt= 1.6070 + 0.7524 In SKMf R2 = 0.99, DW = 2.45 

where, for each  year f : PASKM is number of passenger-kilometres; R G D P  is  real 
GDP; R A W E  is  real average  weekly  earnings; RPP is  real  petrol  price  (to 
represent  intermodal  competition); RAF is  real domestic  airfares; S K M  is number 
of  seat-kilometres; U is system-wide load  factor; PKM' is  predicted passenger- 
kilometres; and DAC is domestic  aviation  turbine  fuel  sales. 

Forecast  assumptions made are: 
real GDP is assumed to grow by 3 per cent  per  year up to 1999-2000; 
real average  weekly  earnings fell by 1.3 per  cent in 1987-88, and  are 
assumed to  increase by 2 percent in 1988-89, up to 1.2 percent in 1989-90 
and 1.8 per  cent  thereafter; 
real  air  fares  decreased  nearly 1 per  cent in 1986-87,  and  are assumed to 
decrease by 0.5 per  cent  per  year  to 1989-90, then  to  increase by 0.5 per 
cent  to 1999-2000; - system-wide load  factor  is assumed to remain  constant at  the 1986-87 
value of 0.73 (this may be highly inaccurate after deregulation); and 
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real  petrol  prices  fell by 3 per  cent in 1987-88 and are assumed to grow by 
1 per  cent per year up to  the end of the century. 

These combined  assumptions lead  to an  average  annual  growth  rate of 4.8 per 
cent per year  for  the  period 1988-89 to 1999-2000.  This compares with the 
average  annual  growth  rates of 5.7  per  cent  over the 10 years to 1987-88, and 
5.3 per  cent  over  the 5 years  to  1987-88. 

International aviation 
The international demand model is  less complex,  and is  driven by one variable: 
total  international passengers. No allowance is made for the possibility  that 
inbound  passengers  are  travelling  on  flights  which consume fuel from 
non-Australian  sources. 

In IACt= 5.591 + 0.540 In IPt R* = 0.97, DW,= 1.33 

where IAC is sales of aviation turbine fuel (in kilolitres)  to  international  operators 
in year f, and IP is number of  international  passengers in year t arriving and 
departing  Australia. 

Forecasts of international  passengers  are  supplied by the Department of 
Transport  and  Communications. The annual  growth  rate of international 
passengers  each  financial  year  overthe  period 1988439 to 1999-2000 is 5.9 per 
cent per year. Over the 10 years  to 1987-88, the  average  annual  growth  rate 
was 8.4  percent. From this base  aviation  turbine fuel consumption was projected 
to grow at an  average rate of 3.1 per cent  per  year  over  the  forecast  period. The 
average  growth  rates  over  the 10 and 5 years  to  1987-88  were 4.9 per cent and 
8.5 per  cent  respectively. 

The combined  average  growth rate  of  domestic  and  international  aviation 
consumption of aviation turbine fuel is 4.1 per  cent  over the forecast  period, 
compared to an  average  growth  rate  over the 10 and 5 years  to 1987-88 of 3.9 
per cent and  6.8 per cent  respectively. 

Aviation transport fuel: comparison with NlElR 
The NlElR approach to  forecasting  aviation  turbine  fuel  also  distinguishes 
domestic  and  international  airline  activity.  Domestic  airline  activity  is measured 
by passenger-kilometres  and  freight  tonne-kilometres. The former is assumed 
to be a function  of the product  of  the number of passengers  carried and distance 
travelled. The latter measure is  derived by aggregating  the  products  of  tonnes 
of  freight  over each  stage  and  stage  length. 

The explanatory  variables in the passenger-kilometre  model are income per 
capita, real gross non-farm product  and  real  domestic airline fares.  Freight 
tonne-kilometres is modelled as a function of domestic demand and freight rates. 
Passenger-kilometres  travelled is then used to  generate  total passenger 
tonne-kilometres.  Domestic  aviation  turbine fuel is  predicted  given  total tonne- 
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kilometres  and  assumptions  about  the  average  fuel  efficiency  of  the  existing  fleet 
and  average  system  load  factor. 

Aviation  turbine  fuel  consumption by international  operators  is  modelled by NlElR 
as a function  of  the number of  international  travellers.  Although  this  relationship 
is  also used by ABARE, NlElR uses total  international  arrivals  rather  than  all 
arrivals and  departures. 

Aviation  gasoline  (avgas) demand is  forecast from historical  trends,  allowing  for 
the changes in the  level of domestic  activity. ABARE assumes that  the demand 
for avgas will grow at an  average rate  of 0.3 per  cent  per  year,  based  on 
consumption  trends in all  Australian  States  over the last 5 and 10 years up to 
1987-88. The NlElR assumes an  average  annual growth rate  of 1.57 per  cent, 
which is  substantially  higher. There is no  explanation  found in the  NlElR  study 
other  than a statement  that avgas demand, which  has  varied  considerably, 
historically  is  related to the  level  of  domestic  activity  (NIEIR 1989, part 2, p. 2.25). 
This  significant  discrepancy  is  of  concern,  despite  the  minor  role  of avgas in the 
overall  transport  energy  task. 

ADDENDUM  TO CHAPTER 4: THE  ABARE  FORECASTS 

In January 1991, ABARE published new projections of energy demand and 
supply,  which  covered  the  period 1990-91 to 2004-05 (ABARE 1991). The 
previous  publication  had  projections  which  extended  only  to  1999-2000. The new 
publication  contained  details  of a revised  methodology  for  forecasting  Australian 
road  transport  fuel demand. The latest  projections  of  energy demand revised 
downwards the  previous ABARE estimates  of  future  Australian  road  transport 
fuel demand. Projections  of  aviation  fuel demand were revised upwards slightly. 

Road transport energy forecasting models 

Forecasts of  the demand for  automotive  gasoline,  automotive  disel  oil, LPG and 
natural gas  used by the road  transport  sector  are now based  on a model 
documented in Donaldson, Gillan & Jones (1 990). The model  documented in that 
paper  focuses  on the passengercarcomponent of the  fleet but similartechniques 
were  used for  other components of  the  road  transport  market. 

Passenger car transporf 
Basically,  the new model  contains  only  two components, the  estimated  size  of 
the  vehicle  stock  and  the  average  quantity  of  fuel consumed by vehicles. The 
forecasts  for the commercial fleet  are  slightly more complicated, in that  there is 
a breakdown of  the  average amount of  fuel consumed into  the components of 
average rate  of fuel consumption per unit of carriage  and  average  distance 
travelled  per  type  of  vehicle  per  year. 

Estimatesofthesizeofthepassengervehiclefleetarebasedonalogisticfunction 
of  the form: 
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S/P = a/(l + e-@ + G) 

where: SPis registrations  per  adult  person;  aisthe  saturation  level  (at  which  the 
rate  of  growth in car  ownership  per  person  falls  to  zero); band care  parameters 
determining  the  position  of  the  growth  curve  along  the  time  axis and  the  rate  at 
which  the  growth  curve  approaches  saturation  respectively;  and tis time. 

Accordingly,  car  ownership  per  head  of  population is modelled  simply  as a 
function  of time, subject to some saturation  constraint. In this model,  economic 
variables  are  omitted  on the assumption  that,  while  they will determine  whether 
people  purchase new vehicles  or  retain  old  vehicles  longer, they will not  affect 
the  level  of  the  vehicle  stock.  Parameterisation  of  this model is described in 
ABARE (1991). 

The average  fuel  consumption  per  vehicle  per  year (AFC)  was modelled  directly 
as a function  of  national income  (approximated to an  index  of  real GDP) and the 
real  price  of  gasoline. It is important  to  distinguish AFC from  the  average  rate of 
fuel consumption  per  vehicle  kilometre, as in the  previous  model. Changes in 
AFC should be understood  to combine the  effects  of changes in kilometres  driven 
per  vehicle and  changes in average fuel economy per  vehicle  kilometre. 

The following  function was used to estimate AFC, modelled on data  over  the 
period  1970-71 to 1988-69. 

lOgAFCt=9.5 - 0.14lOgP~-0.18lOgGDP~-11.82D1 +1.57D2 
(19.63) (-2.39) (-3.92) (-4.34) (4.32) 

where: Pt is the  index  of  real  automotive  gasoline  prices in year t ; GDP is the 
index of real GDP in year t ; D1 is a dummy variable  for  the f i r s t  two years of  the 
first  oil  price shock;  and D2 is a dummy variable  for 1981-82 (when demand 
contracted  despite  falling  real  prices).  (Figures shown in parentheses  are 
t-statistics.) 

AFC2001~~2 was estimated  at 1693.7 litres  per  year.’ AFC was multiplied by the 
forecast  size  of  the  car  stock,  to  form an  estimate of  total  fuel used by cars and 
station wagons. The total  fuel  figure was then divided  into  categories of 
automotive  gasoline,  automotive  diesel  oil, LPG and natural gas,  on the  basis of 
actual and  expected  penetration  levels of these  fuels.  Automotive  gasoline was 
then  split between  leaded  and  unleaded. 

1. In the  previous ABARE model, forecast fuel consumption for  petrol passenger  cars in 2000 
was 10.25 litres  per 100 kilometres. The revised M A R E  (1991) projections do not  provide 
explicit  forecasts  for average fuel economy, although a fleet average  car fuel  efficiency for 
2004-05 of 10.9 litres per 100 kilometres  is  stated as ‘implicit in the  business-as-usual 
scenario’ b. 33). Takino  the  forecast AFC, if the  averaae  kilometres  travelled  per  vehicle 
rise to 18 000 per  year,  ihen  the  implied  average  fuel echomy would be 9.4 litres  per l00 
kilometres. At hiah  levels of motorisation,  there  is, however,  no clear  expectation 
vehicle-kilometres  would  increase. 
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Commercial road transpori 
Fuel  consumption for the  commercial  vehicle  fleets  (rigid  and  articulated  trucks, 
light commercial  vehicles,  buses and motor  cycles) was estimated  on  the  basis 
of forecasts  of  average  fuel  consumption  per unit of  distance,  the average 
distance  travelled  per  year  and  the  respective  vehicle  stocks for these  fleets. 
Estimated  values  for  these components of  total  fuel consumption  are shown in 
ABARE (1991, p. 48):  Fleet  average  fuel  efficiency  estimates for the  commercial 
fleet used in the  latest  set  of  forecasts  are  of  similar  order to those  listed  earlier 
in table 3.3. Estimates  of  the  1999-2000  fleet  average  rate  of fuel consumption, 
expressed in litres  per 100 kilometres,  for rigid trucks,  articulated  trucks and light 
commercial  vehicles,  were 2'1.27, 49.30 and 10.70 respectively. 

Air  transport 
Estimates  for  consumption  of  energy in the air  transport  sector rely heavily on 
forecasts and assumptions for passenger  numbers, air  fares and  other  variables 
developed by the  Bureau  of  Transport  and  Communications  Economics. 

ABARE (1991)  adopts different approaches for  determining  projections  of 
international and domestic  aviation  fuel demand. 

International  aviation  fuel demand projections  are  modelled as a function  of  the 
number of  international  passengers  forecast  for  any  year. 

Projections  of  domestic demand for  aviation  turbine fuel are  modelled  using  three 
separate  equations,  estimated  from  data  forthe  period 1969-70 to 1989-90. The 
first  equation  estimates  the number of  passenger-kilometres  as a function  of  real 
GDP, real average  weekly  earnings,  real  petrol  prices and real  air  fares. The 
estimate  of  passenger-kilometres is then  adjusted by an  estimate of  the 
system-wide load  factor  for  the  year, to arrive  at an  estimate  of  the number of 
seat-kilometres.  Finally,  the  estimate  of  seat-kilometres in the  year is used to 
determine an estimate  of  the  level of aviation  turbine  fuel  sales  for  domestic 
aviation.  Details on projected  future  growth  rates of the  independent  variables 
and the  functional form forthe  estimation models are shown on pages 45 and 46 
of ABARE (1991). 

Fuel consumption forecasts 
ABARE (1991) gives fuel forecasts  for 1998-99 and  2001-02, rather  than  for 
1999-2000 as in ABARE (1989).  This  has  placed some limitation on 
comparability  between  the two publications. These two forecasts  are compared 
below. 

The forecasts of Australian  transport  energy  consumption  have been adjusted 
slightly downwards for  all modes, except  air  transport. Air transport  energy 
consumption is now forecast  to grow at an  average  annual rate  of 5.0 per  cent 
over the period 1988-89 to 2001-02,  whereas previously it was forecast  to grow 
at an  average  annual  rate  of  only 3.9 per  cent, in the  period 1988-89 to 
1999-2000. The same estimates of growth in energy  consumption for  the  road 
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transport  sector  energy  consumption  have  been amended from 2.6 per cent per 
yearto 1.8 percent,  closerto the average  annual  growth  rate  estimated by NlElR 
(1 989), of 1.97 percent. The ABARE (1 991) forecast  of  total  energy  consumption 
fortransportin2001-02isslightlylowerthanthepreviousforecastforl999-2000. 

Forecast growth in the consumption of automotive  gasoline  and  automotive  diesel 
oil (ADO) have  both  been  revised downwards from  the prior projections (ABARE 
1989). A D O  consumption  growth  has  been  projected at  an average rate of 2.5 
per cent  per  year up to 2004-05, down from the previous  estimate  of  average 
growth in A D O  consumption of 5.5 percent  per  year up to 1999-2000.  Automotive 
gasoline growth is now forecast to grow at a lower  average  rate  of 0.9 per  cent 
per year up to 2001-02, falling  slightly  thereafter to an  average of  0.8  per  cent 
per  year up to 2004-05. 
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CHAPTER 5 LONG-TERM FUEL-PRICE DEMAND ELASTICITIES: 
A  SYNTHESIS OF THE EVIDENCE 

Forecasting  procedures  which  allow  for  the unit price  of energy,  either  implicitly 
or  explicitly, assume a relationship between  changes in fuel  prices and  changes 
in the  quantity  of  energy consumed. There is avast and often  conflicting  literature 
on direct  elasticities  of  fuel demand with respect  to  fuel  prices. 

In this  chapter we identify  the  major  evidence  from  Australian and international 
studies,  as a way of  establishing a reference  point  for  our  inquiry  into  the  key 
Australian  forecasts  of  fuel demand. 

THE RELATIONSHIP BETWEEN PRICE AND  DEMAND 

Why is a  knowledge of  the  elasticity  of demand for  energy with respect  to  fuel 
price an important  item  of  information? I t  provides a means of  identifying  the 
unique  contribution that fuel  price has  on  the  overall demand for  energy. This 
answer,  however, is  crucially dependent  on  the  assumption, made in deriving  the 
elasticity  estimate,  that any other  important  influences  on  energy  consumption 
have  been  accounted for (that is,  separated  out  from  the  price  effect). 

The challenge in any  studies  designed  to  obtain  elasticity  estimates  is  to  separate 
out  the  influences  of  the  major  behaviourial  determinants  of  energy demand. 
Extrapolative methods  based  on  simple  growth  assumptions and judgment 
typically  are  unable  to  establish  the  effect  that  fuel  prices have  on future demand. 

Government organisations and oil  suppliers  are  particularly  interested in the 
influence  of  price, and  hence  need to  recognise  the  contribution  that  formal 
methods,  such  as an econometric  model,  can make to  separating  out  the 
contributing  behaviourial  influences. Even with the  most  appropriate  econometric 
model  and available  data  there is  still a  need for an input of good  judgment, 
experience,  scenarios and market  segmentation  which is  not  well  handled by a 
mathematical  model. 

Because road  transport and aviation  are  the  dominating modes in transport, 
government  departments  and oil companies  have concentrated  on  developing 
econometric  models in these  two  areas,  and  used  simple  extrapolative 
procedures in all other  areas.  Econometric  models  have  been  developed  to: 
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- forecast  energy  consumption  directly by regressing  total  or  per head  energy 
consumption  on a set  of  explanatory  variables such  as GDP or GDP per 
head  and fuel  prices; and 

. forecast  energy  consumption as a by-product of separate  forecasts  of  the 
major  behaviourial  influences  on  energy demand. In the  context  of 
automobile demand these  behaviourial  influences  are  vehicle  ownership, 
vehicle  use and fleet  fuel  efficiency, each treated as  endogenous variables. 

The basic approaches  adopted by ABARE and NlElR have  been set  out in detail 
in chapter4.  Energy  consumption  can  then be derived  from  such  models in either 
of two ways: 
m by using  the  appropriate  elasticities  (denoted E) derived  from each  model to 

calculate a fuel-price  elasticity  of demand (see  appendix 11 1  for a proof): 

Ee,p = %,p + Ev,p - &[p 
where e is  total  or  per head  energy consumed, v is  vehicles  registered or 
per head, k is  total  kilometres  per  vehicle  or  per  vehicle  per head, f is 
average fleet  fuel  efficiency and p is unit fuel price’; 
by using the  models  to  provide  forecasts  of  the  endogenousvariables  which 
are  themselves  used to forecast  energy  consumption:  total  or per head 
energy demand equals  total or per  head  vehicle-kilometres  divided by 
average fleet  fuel  efficiency. 

ROAD TRANSPORT 

With the  exception  of the automotive  gasoline  fuel  price  elasticity  determined by 
Caddy (1985) of -0.25, such  elasticities  cannot be derived  from  available 
information. 

The fundamental difficulty  of  inferring any reliable  fuel-price  elasticity  from  the 
extant set of known Australian  econometric  models,  used  predominantly  (almost 
solely) to obtain  forecasts of energy  consumption as distinct  from  identifying 
fuel-price and other  elasticities  of demand. 

There is a lot more fundamental  work  required in Australia on both model  form 
and data. One area  where this has occurred is in automobile  ownership  and 

1. There are a number of advantages to eaimating component demand equations and not 
simply  estimating  gasoline demand directly.  First and most obviously, one m a y  be interested 
in how price and  income affect  asoline consumption  and not  simply in the  magnitude of the 
effect. The distributional  or ot ?l er consequences of improved fuel  efficiency  versus, say, 
reduced  automobile  ownershi  might be of interest,  especially  ifthe ownership levelwill have 
an important im act on use. emnd, i t  is sometimes believed  that  disaggregation may oiften 
have  a higher  eve1 of parameter stability (Wheaton 1982). This is due to the  idea  that 
disaggregation may suggest new exogenous variableswhich  are  important  predictors in each 
component equation.  Third,  disag  regation may also be important if structural  relationships 
exist among the endogenous varia 1 les (Hensher & Smah 1986). 

P 2 
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utilisation with particular  reference  to  petrol. Hensher, Smith, Milthorpe and 
Barnard  (1 988) and Hensher, Smith and Milthorpe  (unpublished)  have  developed 
and  estimated a series  of  interrelated dynamic demand models for household 
sector  vehicle  ownership and use. 

Cars 
A longitudinal  data  set  (1981-1 985) of  very  rich  panel  data was collected  from a 
sample of households in Sydney. The models  are  dynamic in that lagged 
experiences and future  expectations  are built into  the models,  enabling us to 
derive  short-term  and  long-term  elasticities. The models  have  a  four-year  lag, 
consistent with Dahl’s (1 986) viewthatthe  median  lag in adjustment in the  United 
States is 2 to 4 years. The lags in adjustment  determine when a policy will take 
effect. The models  and results  are  set  out in detail in appendix II  (drawn  from 
Hensher, Smith and Milthorpe,  unpublished). 

Fleet  size and vehicle  use  elasticities with respect to fuel  prices  are  obtained 
which,  together with fuel  efficiency  elasticities with respect to fuel  price, can  be 
used to  derive  the  fuel-price  elasticity  of demand for  petrol. 

Additional  evidence on elasticities  of  vehicle use with respect  to  fuel  cost,  derived 
from a single  cross-section,  is  given by Hensher  and Smith (1986), where the 
estimate  varies  from -0.22 to 4.31. The weighted (by fleet  size in each 
household) fleet  size  elasticity  is -0.31 ; the  weighted  vehicle  use  elasticity  is 
4.26 (the  latter  given in Hensher  and Smith 1986). 

In orderto  obtain  an  estimate  of  the  fleet  fuel  efficiency  elasticity, we ran a simple 
ordinary  least  squares  regression on ABARE time-series  data (1 976-1 988), and 
obtained 0.09. This compares with the  range  of 0.06 to 0.08 reported in Greene 
(1989b),  where  he  studied  the  role  of  fuel  efficiency  versus  corporate  average 
fuel  efficiency (CAFE) standards in influencing  fleet  fuel  efficiency.  Using  the 
Sydney panel  data  for  this  study, Hensher  estimated 0.1 1 ,  with the  following 
model: 

Fuel  efficiency  per  vehicle  (litres  per 100 kilometres) = 4.076706 
- 0.004841 In (VKT in thousands) + 0.000945 In (vehicles  per  household) 
+ 0.1 1448 In (petrol  cost in cents  per  kilometre) - 0.0001 84 In (household 

income) R2 = 0.97 

W e  have  taken  Greene’s  CAFE-constrained  estimates  (those  based  on 
manufacturers  where fuel  efficiency  standards  are  operative), in contrast to the 
unconstrained  estimate of 0.2. Thus there  is some correspondence. Greene  and 
Roberts  (1984)  report  an  estimate  of 0.5 for new vehicles,  supporting  evidence 
reported in Dahl (1986, table 1 - reported in appendix 111); a much higher than 
expected  figure compared to  the  estimate  for  the  entire  stock  of new and  used 
vehicles. 

If w e  combine these  three  elasticities, we get a petrol consumption elasticity with 
respect  to  fuel  price  of (-0.26) - (+0.09) + (-0.31) = -0.66. In time-series  of 
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cross-section  data, as a time-series  gets  shorter  and  the  cross-section  gets  larger 
with more  data  variation,  the  cross-sectional  differences seem to dominate  and 
longer-run  adjustment is captured. The four-year Sydney panel  data  set, with 
over 1300 households  per wave, is  of  this form. 

This  result  of -0.66 is  substantially  higher  than  the  estimate of -0.25  derived 
directly  using  the ABARE data,  and  that  of Caddy (1989).  But  note  that it is  very 
similar  to  the mean estimate of -0.71 obtained by Goodwin from 45 time-series 
studies  and -0.84 for 8 cross-section  studies.  Dahl's  average was -0.6, from a 
large number of  studies  from models with long-run  flow,  household,  long-run 
distributed  lags and  non  stock-flow  models  (Dahl  1986).  Details of many of these 
studies in the  literature  are  given in appendix 111. 

To help us in gauging  the  reliability  of  the -0.66 estimate, we identified  the  best 
estimates  from  the  extant  overseas  literature. 

Using  overseas  evidence  the  resulting  elasticity of petrol consumption with 
respect  to  price  is -0.54, that  is,  (-0.26) - (+0.21) + (-0.07). The latter  result  for 
fleet  size  is  derived  from 10 studies  reported by Goodwin (1988). The vehicle 
use result  is  derived  from  an assessment of a number of  studies  reported by 
Drollas  (1984), Goodwin (1988), Greene  and Hu (1982), Vaes (1982)  and De 
Jong (1989),  and  the fleet  fuel  efficiency  estimate  is  obtained  from Greene 
(1989b). 

We have  very  strong  evidence  from a large number of sources to  support  the 
suggestion  that  the  petrol  price  fuel demand elasticity  lies in the  range  of -0.54 
to -0.71. 

Donnelly (1983) is the only known Australian  study  which  obtained  direct 
estimates  of  petrol  price demand elasticities,  obtaining -0.42 for  Australia as a 
whole, with a block of low  values  for New South Wales, Victoria,  Queensland and 
South  Australia  (-0.38 to -0.46),  and a block  of one high value  for Western 
Australia and Tasmania (-1.03).  This  figure of -0.42 is  directly comparable to 
-0.25 from  re-estimation  on  the ABARE data. 

Donnelly used  the  technique of seemingly  unrelated  regression (SURE) to  obtain 
parameter  estimates. SURE was applied with the  assumption of  no  serial 
correlation, but spatial  correlation between  the  States  of  Australia.  Donnelly  also 
obtained  an  ordinary  least  squares  estimate  for  Australia  of -0.67, significantly 
higher  than  the -0.42, which  for  automotive  gasoline is  the  reverse  relativity  to 
that  found in the  estimation  of  the ABARE data by ordinary  least squares and 
two-step  least  squares  reported  herein. 

In choosing  between  the  evidence  derived  from  direct  estimation  (-0.25  to  -0.42 
for  Australia) and indirect  evidence  derived  from  three  behaviourial  relationships 
underlying consumer energy  consumption  (-0.661  for Sydney, -0.641 for 
Australia, and -0.54 for overseas  countries), we need to document the 
advantages of  estimating component demand equations,  and  not  simply 
estimating  gasoline demand directly. 
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Disaggregate  models  are  generally  believed  to  have a higher  level  of  parameter 
stability, due to  the  fact  that  disaggregation may often  suggest new exogenous 
variables,  which  are  important  predictors  of each  component equation.  This is 
certainly  the case when one  compares the Sydney modelswith their  large number 
of  influencing  effects  relative  to  the  single  equation  fuel demand specification. 
Disaggregation may also  be  important i f  structural  relationships  exist among the 
endogenous variables. 

When the  price  of  petrol  increases, a whole sequence of behaviourial  responses 
is  set in motion,  whereby  individuals  start  to  drive  less,  to  drive  fewer  kilometres 
more carefully,  to  replace  their  less  efficient  vehicles with more fuel  efficient 
vehicles,  and  even  to own fewer  vehicles than they  would  have done otherwise. 

If  the  structural  relationships  are complex  and  important,  then  the  typically  simple 
form  of  the  aggregate  time-series  models,  used to obtain  direct  estimates  of 
fuel-price demand elasticities,  fails  to accommodate the  interdependencies  and 
functional  relationships embedded in the  system of  behaviourial  equations. 
There is some very  convincing  evidence  to  support  this  statement. 

If one were to  begin with the fully specified  structural system  and to  derive a 
reduced  form  which is consistent with the  initial  set  of  relationships,  the  reduced 
form  single  equation  would  typically  be  quite complex, with non-linearities in 
parameters  and  composite  structural  parameters embedded within each 
parameterto  be  estimated. If  the  directly  estimated  energy demand model  were 
derived in this way then we might  expect  aconsiderable  convergence of evidence 
from  both  approaches. 

The study  undertaken by Drollas (1984) is the  only known effort  to do this, giving 
a complex  reduced-form  single  equation  (Drollas 1984, equation 12, p. 75). His 

" model is estimated with time-series data for  the  period 19%-1980. The final 
estimates  of  the  fuel-price  elasticity  vary  from -0.55 to -0.82, depending  on  the 
country. 

This  evidence  provides  strong  support  for  the  selection  of a long-run  petrol  price 
elasticity  of demand lying in the  vicinity  of -0.66, in preference  to  the  result based 
on  what  could  fairly  be  called  naive  aggregate  reduced-form  specifications such 
as ABARE (1989), Donnelly (1983), and all the  pre-l980  econometric  studies in 
Australia. The model  described by Caddy, despite  its  structural  character, 
appears to  be somewhat limited in respect  of  the  specification  of  the  lag  structure; 
which may be one of  the  reasons  for  the  low  fuel-price  elasticity. 

Drollas  illustrates  another  reason why elasticities  are  higher:  this  results when 
proper  allowance is made for  long-run  adjustments in the  motor  gasoline  equation 
that is  derived as a reduced-form  specification  from a properly  specified  set of 
structural  equations  which  define  the  real  behaviourial  relationship  influencing 
the demand fortransport  fuel.  Dahl  (1986)  indicates  that  higher  elasticities  from 
simultaneously  estimated  models  are  consistent with simultaneous  systems bias 
toward  zero in the  single-equation  case. The ideal  data for capturing  long-run 
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adjustment and  hence long-run  elasticity  is a panel up to 10  years with a rich 
(dominating)  cross-section. 

If this rationale  is  accepted  for  petrol,  then in the  absence of any  evidence  on 
diesel in road  transport, we believe it reasonable  to  place  the  diesel  fuel demand 
elasticity  for  road  transport in a range  which is  slightly  lower  than  for  petrol, with 
a preferred mean estimate  of  approximately -0.55. 

Sweeney, a well known commentator  on  energy  economics, stated in 1984 that 
long-run  delivered  elasticity  of demand for  gasoline  is  probably in the-0.6 to -1 .O 
range (Sweeney 1984, p. 37). The evidence  presented above for  gasoline  is 
consistent with this  viewpoint. 

What we have also  identified  is  aparticularconcern with the  majority  of  the  studies 
based  on  naive  aggregate  econometric  specifications of  fuel demand models of 
a reduced  form,  which  have  no  proven  derivation  from a behaviourally  plausible 
set  of  associated  structural  equation  relationships.  Dahl  (1 986)  adds the  further 
point  that  stock-flow models  tend to  give  at most  short-run  estimates,  unless 
estimated  on a data  set in which  cross-section  differences  dominate. 

Alternative fuels 

The issue  of  alternative  fuels needs to be briefly  considered,  although up to the 
year 2000 i t  is reasonable  to assume that  very  little will change other  than a switch 
from  leaded  to  unleaded  petrol. W e  recognise the potential  for new fuels and 
flexible  fuelled  vehicles in the  early decades of  the  twenty-first  century. 

Greene (1989~) studies  the  choice  between  leaded  and  unleaded  petrol in the 
United  States where, unlike  Australia, one can  use  eitherfuel in the  given  vehicle. 
Not  surprisingly  he  found  that, in the absence of  legal  restriction,  the  own-price 
elasticities  are  inversely  related  to  market  share. Thus own-price  elasticities 
decrease  rapidly with increasing  market  share. 

Greene found  that a 1 per  cent  decrease in the  price  of  unleaded  regular in 1983 
would  result in a 34 per  cent  increase in market  share at a 1 per  cent  market 
share  (that  is an  increase  from 1 per cent  to 34 per  cent); whereas a 1 per  cent 
decease in price  at a 50 per  cent  market  share  results in a 17 per  cent  increase 
(from 0.5 to 0.58). 

This  evidence may give us some idea  about  the  potential  substitution between 
LPG and petrol, with the  caveat  that LPG suffers  from  the loss of  boot space  and 
the  concern  about  safety,  which is  not a problem with alternative grades of  petrol. 
If  LPG was equated to leaded  petrol,  then a 1 per cent  decrease in its  price 
(holding  the  price  of  petrol unchanged)  would  increase its market  share by 
approximately 30 per  cent,  from 2.2 per  cent in 1989 to 2.86 per cent.  This is 
clearly an  overestimate  for  the  reasons  already  cited, but it is  indicative, and 
highlights  the  point  that  very  large  price  relativities will have to  occur  before we 
can see any significant  substitution. 
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Thus without  substantial  support  from  fuel  suppliers, government  and distributors 
of  fuel, it is  unlikely  that  alternative  fuels will make significant  inroads on current 
fuel  market  shares. The effort  required in Australia  is  almost  certainly  going  to 
have limited  impact  (other  than  market  conditioning)  prior  to  the  year 2000. 

AVIATION TRANSPORT 

Aircraft  are second to road  transport in the  consumption of petroleum  fuels  (see 
table  3.1). The growth  of  air  travel, however, is considerably  greater  than  that  of 
highway  travel  (the  former measured by passengers  or  passenger-kilometres; 
the  latter by vehicle-kilometres).  Although  air  travel has  increased  substantially 
in the  last  ten  years,  the  growth  of fuel use  has  been  restrained by substantial 
improvements in aircraft  fuel  efficiency. 

The United  States  has  witnessed  an  increase in seat-miles  per  gallon (SMPG) 
from  26.2 in 1970 to 48 in 1989. New commercial aircraft in 1989 deliver 50 to 
79 SMPG, with this  expected  to  increase  to 65 to 80 SMPG in the  early 199Os, 
with a total  aircraft  fleet SMPG of 62 to 68 by 2010 under  current  industry  plans 
(Greene 1989a). 

Even given these  encouraging fuel efficiency  statistics,  overall  fuel consumption 
is  still  likely  to grow due to the increased demand for  air  travel. The best  estimate 
of  overall  energy  consumption  growth in the  United  States is from 0.8 per cent  to 
1.8 per  cent  per  year up to the  year 2010. This  contrasts with the annual  rate  of 
growth of  3.9  per  cent up to  the  year 2000 assumed by ABARE (1 989). 

The US evidence from 1970 to 1987, of an  average  annual  rate of growth of 
energy  use of 2 per  cent,  suggests  that  Australia  is consuming aviation  fuels  at 
a higher  growth  rate  than  the  United  States  (possibly because we started  at a 
lower  base of  traffic and an  older  fleet). 

There  are many exciting developments in aircraft  technology  which can  have 
substantial  impacts on fuel  efficiency and  hence  energy  consumption. Many of 
the new developments  are  unlikely  to be on  stream until after  the  year 2000, 
indeed  even  after  the  year 201 0. A summary of  the  major developments is  given 
in appendix I, together with the estimated  effectiveness  of advanced energy 
efficiency  technology  for  aircraft in the next 20 years. Our main  interest  herein  is 
on developments  which  can  impact  on  energy  forecasts up to the year 2000. 

In the  future, as load  factors  top out and operational improvements are  eaten up 
by rising  air  traffic  congestion,  the movement to  larger,  technically more efficient 
aircraft  types will become the most  important means of  improving fuel efficiency. 
However, although  efficiency improvements in the  seventies and early  eighties 
were driven by rising  jet  fuel  costs, in the  late  eighties  jet  fuel  prices  declined  quite 
substantially. 

This was also  reflected in the  share  of  airline  operating  costs. In the  United  States 
in 1978, fuel  costs  comprised 40 per  cent of airline  operating  costs,  making  fuel 
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efficiency a paramount  consideration in aircraft  purchasing,  retrofitting, 
maintenance  and  operation.  By 1988 fuel  cost as a share of  operating  cost had 
fallen  to 18 per  cent, and it is expected  to go lower  still. In the meantime, the 
costs of aircraft  ownership  (capital  costs)  have jumped from 28 percent  to 42 per 
cent  of  operating  costs, so that  the  cost  of  the  plane  instead  of  the cost of  fuel 
now dominatesairline  purchase  decisions  and  aircraft  manufacturers’  plans. 

This  changing  composition  has  affected  the  major  manufacturers’  decisions  on 
engine  technology. In particular,  Boeing,  Airbus and  McDonnell  Douglas all 
decided  not  to  offer more expensive, but more efficient,  propfan  engines  on  their 
1990s generation  aircraft. 

Despite  today’s  relatively  low  energy  prices,  aircraft  fleet  efficiency will continue 
to improve as the  newer, more efficient  engines and  airframes  replace  older,  less 
efficient equipment.  For  example,  Boeing’s new 747-400 (megatop) is 10 per 
cent more efficient  than  the 747-300, and  the 737-5Q0 offers a 20 per  cent  fuel 
economy advantage  over  !he 737-200 it replaces. Our task is  to  establish  the 
key  characteristics  of  the  current and projected  (on  order)  fleets  of  aircraft  which 
we can  expect to see in the  Australian  skies in the next ten  years. 

In order  to  identify the fuel  consumption of  the  Australian passenger fleet,  data 
were  compiled  on  the  following  items  for  each  aircraft  type:  fleet  size,  average 
hours  flown  per  aircraft,  seat-kilometres  per 1000 litres  of  fuel, average  airborne 
speed (kilometre  per  hour)  (not maximum cruise speed  as supplied in 
manufacturer  specifications),  seats  per  aircraft,  and  load  factor. The data  are 
reproduced in appendix IV. 

Given  the  dearth  of  any  evidence on price  elasticities  of demand for  aviation 
turbine fuel (avtur) in both  the  domestic and international  aviation  sectors, we 
undertook some preliminary  empirical  analysis. A time-series  database was 
developed,  drawing  on  the  quarterly  data  series (1 977-88) reported by Cosgrove, 
Gargett and Viney (1989), unpublished  quarterly  avtur  consumption  statistics 
broken down by domestic  and  international  aviation  (supplied by ABARE), and 
an  unpublished  avtur  real  fuel-price  series  supplied by the  Bureau of  Transport 
and  Communications  Economics.  Separate  models  were  estimated for  domestic 
and international avtur demand. 

Given  that  the demand for  avtur  fuel  is  determined by the demand for  travel, the 
price  of  fuel and the  fuel  efficiency  of  aircraft, we specified a structural system of 
equations of the  form: 

Avtur demand = f(demand for  travel,  avtur  fuel  price,  aircraft  fuel 
consumption,  general  health of  the economy) 

Demand for  travel = f(household  income,  exchange  rates, air fare,  petrol 
price,  seasonal dummies, special  events  bias) 

Given  that  the demand for  travel  is an endogenous influence  on  energy demand, 
three-stage  least  squares (3SLS) is used to obtain  parameter  estimates. It was 
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not possible to treat fuel  efficiency as  an endogenous variable, because of the 
lack  of  suitable  data.  Obtaining a suitable measure of  fuel  efficiency, such  as 
seat-kilometres  per  litre,  requires a substantial amount of  basic data collection. 

Greene(1989a),however, hasshown,forasampleofaircraftintheUnitedStates, 
that the all-up (or maximum landing)  weight  of  an  aircraft  can by itself  explain 93 
per  cent  of  the  variation in fuel use. Given that we have  data  on  the  all-up  weight 
of  aircraft  which  since 1977 have operated  on the domestic  service  network in 
Australia, we use  aircraft  weight as a suitable  proxy  for  fuel  efficiency. Two 
versions  of  weight were investigated:  for  each  quarter we obtained a weighted 
average fleet  weight,  using as alternative  weights  the number of  aircraft  of each 
type and  the number of  airborne  hours  of  each  aircraft. 

Given  the difficulty in identifying  fleet  sizes and  airborne  hours  (or  both)  for 
international  airlines which are  applicable  to  Australia, the fleet  weighted average 
weight variable was calculated for only domestic  services. The airborne  hours 
specification was selected  for  inclusion in model  estimation,  even though the 
partial correlation  between  the two  measures is 0.97. 

The final equations  are summarised below: 

Domestic  aviation: 

In A D  = -8.46159 - 0.149002 In ARFP + 0.0553705 In PK 
+ 0.34841 9 In A F W  + 0.867561 In RGDP 

In PK = -0.28.8288 + 5.1 2733 In RGDP - 0.200787 In RAF 
+ 0.129037 In RPP - 0.148932 D1 - 0.425704D2 - 0.1 90482D3 + 0.261  21 1 BD + 0.09231 5AMD 

+ 0.1 42737CGD 

International  aviation: 

In AD = 4.828285 - 0.1 02374 In ARFP + 0.1 30572 In DP + 1 .l 71 39 In RGDP 
In DP = -0.622476 + 0.00401 0 In RTWl + 1.38093 In RAF - 0.1799994D1 + 0.0425447D2 + 0.478477D3 

- 0.028435BD - 0.043498AMD + 0.041 005CGD 
where AD is avtur demand; ARFP is avtur real fuel  price; PK is 
passenger-kilometres; A F W  is average fleet weight per  aircraft; RGDP is  real 
GDP; RAF is real air fare; RPP is real petrol price; D1 is 1st quarter (of the year) 
dummy; D2 is 2nd quarter dummy; D3 is 3rd quarter dummy; BD is  Bicentennial 
Year dummy; CGD is Commonwealth Games dummy; DP is departing 
passengers; RTWl is  real trade weighted  index; and AMD is 1980 airline merger 
dummy. 

Air fares have  been  treated  as  exogenous  influences,  primarily  because up to 
1990 the  domestic  aviation  market in Australia  has  been air fare  regulated.  This 
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means, however, that  international  airfares,  also  treated  exogenously,  are  likely 
to  yield downward biased  estimates  of  passenger demand elasticities,  which 
would filter  through  to  impact on the  fuel-price  elasticities,  although  given  the 
increasingly  smaller  contribution  of  fuel-prices to the  cost  of  operations, i t  is 
unlikely to significantly  alter  the mean fuel  price  elasticity  of  energy demand 
(especially  after  consideration  of  the  confidence  limits  on  point  estimates). 

The fuel-price  elasticities  of  avtur demand for domestic  and  international  aviation 
are  respectively 4 . 1  5 and -0.1 0. If  we assume that  the  empirical  evidence  from 
the  automobile  gasoline  studies  is a guide  to  the  implications on elasticity  result 
of  different model  specifications  (that  is  stock,  flow,  lagged),  and  data 
specifications  (that  is  household,  vehicle,  quarterly,  annual,  cross-section),  then 
these  estimates  are  likely  to  be  on  the low side (see also  appendix W ,  table  from 
Dahl  1986). Our specification  is based on quarterly  time-series  data with no lag 
in prices. In the  context  of  the  automobile  elasticity  evidence, we suggest a 
mark-up of  approximately 20 per  cent. 

Finally, it must  be  recognised  that  although  the  elasticities  derived  from  historical 
data  are an important  source  of  information for evaluating  future  energy 
consumption  consequent  on fuel  price changes, the data  are  less  rich  than  data 
available  to  the  airlines  themselves.  Airlines  have access to advance  bookings 
that  give  (in  the  short  run  at  least) a better  idea  of  future changes.  Computer 
systems will track  frequent-flyer  kilometres  to  determine  their  effect on future 
traffic growth. Most importantly,  the  forecasters  have  access  to  future  marketing 
strategies  that will help  predict  areas  of  growth and movements in fares.  That  is, 
airlines  are  able  to make predictions  based  upon  expected  business  actions,  that 
make it more likely  that  their  forecasts will be  accurate. 

RAILWAY TRANSPORT (INCLUDING HIGH-SPEED RAIL) 

Fuel  price  elasticities of energy demand are  not  available  for  the  rail  sector. 
Railway  transport in 1988-89 accounted  for 3.15 per cent of the total energy 
consumed in the  transport  sector (ABARE 1989).  Automotive  diesel oil 
accounted for 74.3 per  cent  of  this  energy, compared to 78 per  cent in 1987-88. 
Rail accounted for 10.8 per  cent of total A D O  consumption, with an  increased 
share of this  fuel (compared with 8.5 percent in 1983-84, as shown in table  3.1). 

Forecasts  undertaken by ABARE and  the oil companies in this  sector  are 
essentially  extrapolative,  using  advice  from  State  rail  authorities, and  are 
accompanied by a statement  that  the  growth in rail  fuel consumption is expected 
to  increase  only  marginally  over  the  projection  period.  This  assumption,  first 
stated in 1984 (Department of Resources  and  Energy 1984, p. 26),  has  been 
carriedforward in the  subsequent  revision of projections made bythe  Department 
of  Primary  Industries  and Energy and ABARE. 

The ABARE forecasts  are  increasing  overtime, in contrast  to  the  NlElR  forecasts 
which are  decreasing  over  time  (table 3.1). NlElR  presumably  have assumed  a 
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sufficiently  large improvement in fuel efficiency and fuel  substitution  towards ADO 
(and to a lesser  extent  electricity)  to more than  offset  the  growth in traffic. 

The Australian  railway Research  and  Development  Organisation’s Energy and 
Railways report (ARRDO 1981)  appears to be the only  relatively  recent  effort to 
predict current and future energy demand for the Australia-wide  rail system. A 
State  Rail  Authority  of New South Wales train  operation  simulation  program 
(MTRAIN)  was used  to  obtain  energy  forecasts. The IMP econometric  model of 
the  University  of  Melbourne  Institute  of  Applied Economic  and Social Research 
provided macro-economic inputs  for  predicting the effect  of  energy  price  rises. 
The long-term  fuel-price  elasticities  are  not  given in any of the  reports. Two key 
equations in MTRAIN are  used to obtain  predictions  of  the  rolling  resistance  of 
trains  sets and the fuel consumed per 1000 gross  tonne-kilometres  of train set. 
Separate  equations  were  derived  for  freight and  passenger  services (full details 
are given in ARRDO 1981). 

The best  estimate  for 1979-80 is 795 megalitres  of  equivalent  distillate, with 
diesel  comprising 80.57 per cent  of  the  energy consumed. The share of A D O  is 
lower  than  the  Department of Resources  and  Energy  figure of  close to 90 per 
cent. 

The forecasts  of  oil  prices  used  are assumed by A R R D O  (1981) to be $50-60 
per  barrel in 1980 dollars,  equivalent to US$29-35 in 1988 dollars (assuming  an 
exchange rate in 1980 close to unity). They also assumed that a price  increase 
may occur gradually at an  annual  rate  of 3 to 4 per cent per year, or there may 
be a number of large  increases up to 1985, levelling off as oil  prices approach 
the costs  of  alternative  fuels. 

How wrong they were! This is one of a number of illustrations in the  literature  of 
substantial  errors made in forecasting  future oil prices in studies undertaken in 
the early to mid  1980s. In another  context,  the U S  Federal  Aviation  Authority 
forecasts in the  early  eighties  (and  even up to 1987) of gross  national  product, 
seats p e r  aircraft, trip length, yield, enplanements, load  factors and fuel  prices, 
had their greatest  percentage  difference  from  what  actually  occurred in prices: 
22.9 percent in 1986 and 20.079 percent in 1987. The other  items  were  typically 
2 to 3 per  cent in error  (Transportation  Research  Board 1989, table 1, p. 13). 

One could  generally  accept the ABARE rail  transport  energy  consumption 
forecasts,  on  the  basis of  very  limited  plans by the  railways  to change their 
technology  or  increase  electrification  (plus,  for example,  the  State  Rail  Authority 
of New South Wales replacing  urban  rail with buses  from  midnight to 6 am.), and 
replacing a number of intrastate  services  using  older  diesel  trains with the XPT. 
Light  rail systems,  suggested for a number of urban  areas,  are  unlikely  to  lead to 
any substantial energy changes through the nineties. 

There is the  possibility, however, of some substantial  overall  energy  savings if 
the Very  Fast Train (VFT) commences operations  between Sydney,  Canberra 
and  Melbourne. The current  planned  start-up  date  is 1997. The impact will be 
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TABLE 5.1 ENERGY USE, CARBON DIOXIDE  EMISSIONS AND RATIOS FOR MAJOR 
TRANSPORT MODES 

(MJper 
Energy Emission 

(kg CO2 per 
Mode pass-km) Ratio pass-km) Ratio Energysource 

Car : 1.8-2.4 3 4  . 0.13-0.17 . 2.4-3.2 Motor spirit 

Plane 2.1-4.1 3.4-6.7 0.13-0.25 2.4-4.7 Jet fuel 

VFT 0.83 

VFT 0.61 

1.36  0.068 

1 0.053 

1.28 Electricity 
generation 
existing plant 
33 p e r  cent 
efficiency 

1 Latest 
technology 
45 per cent 
efficiency 

VFT 0.46  0.75  0.042 0.8 Potential 
technology 
60 per cent 
efficiency 

pass-km Passenger-kilometres. 
VFT Very fast train. 

Note  The latest estimates  (VFTPfoject Evaluation, VFT J o i n t  Venture, Canberra,  November 
1990)  forthe VFT are for primary energy consumption of 0.27  kilowatt-hours per 
passenger-kilometre (equivalent to 0.97  megajoules per passenger-kilometre) and 0.109 
kilograms of carbon  dioxide per passenger-kilometre.  These values are somewhat 
higher than those in VFT  (1989). 

Source VFT Joint Venture (1989, table 11, p. 89).  Reproduced  with permission, 

on  energy  consumption in aviation  and  private  road  transport, with some minor 
adjustments to rail  overall.  Here we have  one  very  real  benefit  through  modal 
substitution.  There  would  be a reduction in petroleum  fuel  use, bpt an  increase 
in electricity demand (derived from brown  coal,  black  coal,  oil  and  natural  gas). 

Estimates by the VFT Joint  Venture (1989) suggest  that  based  on  today’s 
technologiesforalltransport modes, the VFTcan  havearange of efficiency  ratios 
of  between 140 per  cent  and 310 per  cent in transport  gas  emissions per 
passenger-kilometre when  compared with a car or jet  plane  (table 5.1). The 
potential  for further improvement is greatest  for the VFT, as new technologies 
can  increase  the  efficiency of electricity  generation  (suggested  as 33 per  cent to 
45 per cent with the latest  technology,  to  as high as 60 per  cent with future  three 
cycle  generation). 
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It is claimed that power stations can potentially remove other gases  more 
effectively  than  cars and jet  planes,  giving a potential VFT carbon  dioxide 
emission  efficiency  ratio as high as 200 to 500 percent (VFT Joint  Venture 1989). 

If the  forecast  of  traffic  diverted  from  existing modes is accurate  (Hensher, Gunn 
& Brotchie 1989), then we can  expect  significant  savings in energy  consumption 
in the Sydney-Canberra-Melbourne corridor,  the most heavily  trafficked 
interurban  corridor in Australia. Around 4.1 million  of  the 11.3 million 
Sydney-Melbourne  equivalenttrips  (that  is,  excluding  induced  traffic)  are  forecast 
to travel  by  the VFT in 1995, with the  majority  of  this  traffic  diverting  from  car and 
air  travel. 

The potential  gain in energy  efficiency of the VFT is reinforced by recent US 
evidence, in the  context of the  proposed  high-speed rail  service in Florida.  Lynch 
(1 990) suggests that conventional  steel  trackand  Maglev  high-speed rail systems 
enjoy a  gross  energy  consumption  efficiency (measured in BTU per 
passenger-mile) of between four and five  times  that  of  the  aeroplane, and at least 
twice that of a  car  (Lynch 1990, tables 5 and 6). 
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CHAPTER 6 CONCLUSIONS  AND  RECOMMENDATIONS 

The impetus for this  study was the  desire to investigate  the  impact of a number 
of transport  fuel  pricing and taxing  regimes  on  greenhouse gas. emissions 
contributed by the  Australian economy. The transportation  sector  presents 
substantial  challenges  to a policy  strategy  to encourage  transport  users  to  reduce 
these  emissions. 

These challenges  arise  from  the high expectations  that  individuals and 
businesses  have  about the quality  of  transport  services  available  to them, the 
difficulty  of  coordinating  decision  making  given  the  fragmented  nature  of  most of 
decision  making in this  sector, and the  long  lead  times,  long  lifetimes and large 
capital  investments  required in the sector. 

Early investigations  into the impact  of  pricing  policies  consistent with reducing 
carbon  dioxide  emissions by approximately 20 percent of 1988 levels by the  year 
2005 (the Toronto Conference target) have not been  encouraging.  Marks  and 
Swan (1989)  suggest that  to  attain  the  Toronto  target in 2005 would  require a 
minimum3.6percentperyearincreaseinfuelcoststoroadtransportviataxation, 
assuming a long-run  fuel-price  elasticity between -0.3 and -0.6. This in turn 
would  reduce  the  base  forecast of GDP growth by 0.031 32 percentage  points  per 
year  to  3.4087  per  cent  (the  base  being 3.44 per cent). 

Evidence in the  United  States  (for example,  Greene 1989b) suggests  that the 
taxation  route  is  far  less  successful in achieving  energy  conservation  than  the 
imposition of fuel  efficiency and emission  standards  (such  as  corporate  average 
fuel economy), targeted  toward  the  small number of  decision makers who 
produce  transport  vehicles. 

An unpublished  econometric  inquiry by the U S  Office  of Congress  and  Budget 
(reported  at  the  January 1990 Transportation  Research  Board  Annual  Meeting 
in Washington, D.C.) into the possible  impacts  of a 'carbon  charge' is  not  very 
encouraging. Two charge  levels  per  carbon-ton  were  investigated: US$lOO and 
US$300, equivalent  to  an  additional  price at the  retail pump of US35 cents  per 
gallon and US$1 per gallon. 

A US$1 00 charge per carbon-ton isequivalentto US$27 perton of carbon  dioxide. 
Weighting  the  carbon  dioxide  charge by the amount of carbon  emission  produces 
a carbon  charge of US$2.23 per  million BTU for  oil  (noting  that  there  would  be a 
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highercharge  forcoal),  which  would  lead  to  an  average  increase in energy  prices 
in the  transport  sector  of 24 per cent (compared to 55 per cent in the  industrial 
sector). 

After one  year  the  reduction in carbon  dioxide  across all  sectors  is 23 per  cent 
for  coal, 7.5 per  cent  for  oil and 2.7 per  cent  for  gas.  Total  energy  consumption 
is reduced by 9.1 percent in the year  following  the  introduction  of  the  tax. Carbon 
dioxide  would  be  reduced by approximately 12 per  cent. 

The evidence  based  upon  econometric  simulation  suggests  that  non-marginal 
reductions in greenhouse  gases  would require  quite  substantial  non-marginal 
changes to fuel  prices, i f  a carbon  tax  were to be  the  sole  or  primary  instrument 
of  policy. It has  been  estimated  that  the loss worldwide of 7 per  cent  per  year  of 
gross  national  product in orderto  defer  global  warming by 200 years is industrial 
suicide,  especially  for  the  developing economies  which  are  strongly  committed 
to  accelerated  industrialisation. 

However, despite  the  price  insensitivity  of  the demand of  current  populations  for 
energy, it is necessary  to  begin to introduce  appropriate  price  signals  which  are 
identified with efforts  to  reduce greenhouse  gases. The real  efforts  today  should 
be concentrated  on a broader  set  of demand management strategies  (including 
moderate price  increases as signals), combined with continuing improvements 
in the  fuel  efficiency  of  vehicles  using  conventional  fuels, and a continuing 
research  program  into  the economic  and emission  benefits  of  alternative  fuels. 
Mechanisms for  encouraging consumer adaptation  to  economically  viable 
alternative  fuels  should be included in the  research  program. 

What must  be  said,  however, is  that  although  the  traditional  econometric model 
serves a useful  purpose, i t  is  very  limited in respect to an  assessment of these 
new issues.  Current demand forecasting models  used by economists  are  driven 
primarily by price and  income. The big impacts  include new technologies, 
promotional  strategies and research  incentives, all of which  are  either  poorly 
handled  or  unable  to  be  handled in the  current  modelling  and  forecasting 
environment. 

The challenge is  not  to  singularly  identify  the  role  of  prices and  taxes, but to  also 
identify  strategies  to make technological change  and  consumer adaptation a 
success. The experiences in the  seventies  and  early  eigMies showed that 
technological  modification,  rather  than  behaviourial  modification,  is  the way to 
effect  energy  conservation. 

In the  Australian  context,  automobile  manufacture and design is very much 
influenced by decisions in Japan  and the  United  States.  Consequently  heavy 
reliance  on  local  fuel  price  increases may have limited  effect i f  the  major 
automobile  suppliers  cannot  supply  the  local  market with appropriate  fuel  efficient 
vehicles. 

California has made a start by a combination of  price  incentives and  mandated 
standards on the mix of  fuels in the  total  automobile  vehicle  stock  over  the  next 
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TABLE 6.1 POLICIES FOR THE TRANSPORTATION  SECTOR 

Policy or 
activity Fuel  use 

Transportation 
Fuel  choice demand 

Infrastructure 
development 

Regulation 
Controls 

Standards 

Set  emission  limits on 
natural gas leakage to 
promote operation and 
maintenance  improvements 

Raise CAFE standards to 
promote  design,  production, 
marketing,  and  purchase 
of high-fuel-economy 
vehicles 

Set  standards  for  vehicle 

operation  and  maintenance 
maintainability  to promote 

improvements 

Impose fuel economy 
standards  for used cars  to 
increase  rate of disposal  of 
vehicles  that have very  low 
fuel economy 

Modify  natural gas utility 
regulatlon  to promote  use 

transportation fuel 
of  natural gas as a 

standards  for  vehicles 
Establish equipment 

to promote  use of 

green-house  gas 
ailernative  fuels  with  lower 

Support  local  controls on 
parking and highway  lane 
use to encourage higher 
vehicle occupancy and 
lower  emissions  pertrip 

the performance of low- 
Set standards  to improve 

emission modes and, in 
concert with advertising, 
make their use more 
attractive  emissions 

Require  Federal and 
State  agencies 10 
consider  vulnerability 
to  climate change when 
planning  transportation 

Develop  standard  that 
reduce  materials use 
and associated 
greenhouse  gas 
emissions in 
Infrastructure 
development 



8 TABLE 6.1 (Cont.) POLICIES FOR THE TRANSPORTATION  SECTOR tD 
?l 

Policy or 
activity 

Licensing and Require  periodic  vehicle Certify mechanics  and Require  consideration 
certification  inspection,  maintenance, garages to  service  vehicles of vulnerability  to 

and certification to promote that use alternative  fuels  climate change in 
operation and  maintenance with  lower greenhouse 
improvements gas emissions to develop  major 

Transportation  lnfrastrucfure 
Fuel  use Fuel choice demand development 

9. 
0 

ii 
2 

s 

application  for  permits 

infrastructure 'D 
u 

system for CFC refrigerants 
Establish a deposit-refund 

in mobile  aircondtioners 

Fiscal 
Prices 

Taxation 

Subsidies 

Tax petroleum  fuels,  establsih Tax petroleum  fuels as part  Provide  corporate  tax Surcharge on construction 
packages of taxes  and  rebates of an Integrated package of incentives  for employers contracts  to  support 
or  corporate income tax  options to promote use of to encourage  employees demonstration and 
incentives, to promote  design, alternative fuels with to  increase  vehicle  certification  of  designs 
production,  marketing, and - lower  green-house gas 
purchase of high-fuel- emissions 

occupancy  and  reduce 
emissions 

and standards  that  reduce 
materials use in 

economy vehicles  infrastructuredevelopment 

Promote design,  production,  Subsidise a range of sector  Subsidies  to  promote 
marketing, and  purchase of 
high-fuel-economy  vehicles 

activities  to promote  use of development of Iow- 
qlternative  fuels  with  lower  emission modes 

by  taxes and rebates green-house  gas  emissions, 
including R&D 



TABLE 6.1 (Cont.) POLICIES FOR THE TRANSPORTATION SECTOR 

Policy or 
activity Fuel use Fuel  choice demand 

Transportation lnfrastfucture 
development 

Direct Purchase  high-fuel-economy R&D to reduce  cost of 
expenditures  vehicles  for  government 

vehicle  fleets, and support  with  low green-house  gas 
producing  alternative  fuels 

prototype  development to 
promote  design  and 

emissions 

production  of  efficient  vehicles 

lnformafion 
Advertising 

Education 

Advertising and public 

of high-fuel-economy  vehicles 
information to promote  purchase 

Promote operation and 
maintenance  improvements 

Develop and support  courses 
to promote  improvements in 
vehicle  operations  that  reduce 
emission of  greenhouse  gases 

R&D to  understand demand R&D to reduce  materials 
for  transportation to use and  associated 

formulation  of  policies  to 
permit subsequent  greenhouse gas emissions 

reduce  growth in demand development 
in  infrastructure 

Targeted  advertising to 

to  low-emission modes 
promote  switching  from  high- 

Encourage  exchange of 
information on materials 
reduction  through  limited 

construction  industry 
R&D partnerships in the 

Require  Federal and State 
agencies to consider 
vulnerability to climate 
change when planning 
transportation 
infrastructure 



g TABLE 6.1 (Cont.) POLICIES F O R  THE TRANSPORTATION  SECTOR m 
Policy  or Transportation  Infrastructure m 
activify fuel  use  Fuel  choice demand development 

3 
8 

Moral  suasion Promote operation and 

that reduce  emission of 
maintenance  improvements 

greenhouse  gases 

Signalling 
inspection and  maintenance 
Require  periodic  vehicle 

to  signal  vehicle  manufacturers 
to develop  designs  that 
maintain  high  fuel economy 

Tax petroleum  fuels  to 

to  design and  produce  high- 
signal  vehicle  manufacturers 

fuel-economy vehicles 

Research, 
developmenl  and 
demonstration 

support programs 
Public  invention- 

Promote switching  from 
high- to low-emission modes 

with  lower greenhouse gas petroleum  fuels as a sign 
Promote switching to fuels Increase  the  tax on 

emissions, as signal  to to  local governments to 
vehicle  manufacturers  to increase  efforts  to promote 
produce  vehicles  that can use of modes with lower 
use  such fuels emissions 

Require  Federal and 

vulnerability to climate 
State  agencies to consider -, 

change when planning 

transportation 
major  investments in 

for them to think  about 
infrastructure, as  a signal 

the  potential need to  adapt 

U 

2 
8 



TABLE 6.1 (Cont.) POLICIES FOR THE TRANSPORTATION  SECTOR 

Policy or 
acfivity Fuel  use 

Transportation 
Fuel  choice demand 

Infrastructure 
development 

Commercialisation 
policy 

Provision of 
specialised 
onformation 

Demonstrations 

CAFE Corporate  average  fuel  efficiency. 
CFC Chlorinated  fluorocarbons. 
R&D Research  and  development. 
Source US Department 01 Energy (1989). 

Demonstrate  design  and 

01 materials in 
methods to  reduce use 

infrastructuredevelopment 
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ten  years.  Residents of Southern  California who purchase a  new automobile 
satisfying a particular  level  of  fuel  efficiency  obtain a substantial  price  rebate. 
Specific  policies  for  the  transportation  sector  designed  to  contribute in varying 
degrees to  the  reduction  of  transport  emissions  are summarised in table 6.1. 

The primary  task  of  this  study  has  been to identify the role  of  fuel  prices in 
determining  the  long-run demand for the  major  fuels in the  transport  sector. It is 
not  possible to derive  the  necessary  elasticities  from  the  available models  used 
by ABARE, the Australian  Institute  of  Petroleum, and  NlElR to forecast  energy 
demand up to the  year 2000. 

The empirical inquiry detailed in this  report  finds  that  fuel-price  elasticities  should 
be  derived  from a set  of  behaviourial  equations which represent  the  major 
influences  on  the  derived demand for  transport  fuels. The direct  estimation of an 
energy demand model is  only  satisfactory if the reduced-form  energy demand 
equation is derived  from the set  of  structural  behaviourial  equations. 

The  recommended fuel demand elasticities  for  road  transport  are -0.66 for 
passenger  vehicles  (predominantly  automotive  gasoline)  and -0.55 for  trucks 
(predominantly  automotive  diesel  oil). The  recommended price  elasticities  for 
aviation  turbine  fuel  are -0.12 for international  aviation and -0.18 for domestic 
aviation. 
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, APPENDIX II THE  SYDNEY  AUTOMOBILE DEMAND  MODEL 
SYSTEM: EMPIRICAL RESULTS FOR THE 
DYNAMIC VEHICLE CHOICE AND USE MODELS 

The dynamic speScations of the  vehicle  choice and use models reported in this appendix break new 
ground in our understanding of the household sector's demand for automobiles. W e  praent vehicle 

t y p e m i x  choice results for households with one, two and threplus private and household  business 
registered vehida, followed by the results of the  joint  fleet-sue/body mix choice. The dynamic vehicie 
use model in then presented,  followed by the prscntation  and discussion of the most importanc 

elastidties of vehide choice and usc The models and results presented herein are dn extract 5 o n  

Hcnsher c6.d (1990) 

Vehicle Type Choice Results 

Empirical dynamic vehide type (mix) choice models are given in Table A2.1. Separate  typechoice 
models are atimatsf for one, two and threwr-more vehicle households with fleet-size specific 

seleccwity terms: usad to link t h e  mal& with the household level  vehicle  use modcl. The laiter 
comprise four equations with equality restrictions on parametcm across  equations. Results are based 

an the 1172 households which participabd in a l l  four wavu of a panel of Sydney Households o y e r  che 
p e r i d  1981-1985. All dollar i t e m s  M crpd in 1981 values. 

The reported t y p e  choicc dta are given for the p o o l c d  four waves, corrected for heterwed-ticity, 
with the heteroscedasticity  weights basal on the VFLTYF parameter. The optimal  value of B is 0.1, 
which suggestp that  the rrsponse reaction in automobile typechoice holdings to a change in type  choice 

determinant4 U predominantly instantaneous with a small additional one la% reaction. However, we 

found a rather flat log-likclihocd surface for vdua of between 0.1 and 0.9. The scatistid  significance 

of individual &gta and o v d  g&&f-fit of t h e  models are imprenrive. The pseud"R2s for one, 
cwo, and t b p l u s  vehide models arc mpcctively 0.55, 0.57, and 0.53 (the  equivalenc  overall fits for 
the statlc spsufications were mpctiveiy 0.18, 0.28 and 0.27). We have identified  in  the excemion to 
a  dynamic spscification the importancc of upectatiom and cxperiurces in vehicle  choice  dxisions. 
Through the application of a lagged indu structure WC have been able to intrcduce a  dynamic 

specification into  all the qhtaq variables, greatly improving the  range of intertemporal  influencs. 

57 



BTCE Occasional Paper 103 

Table A2.1 Dynamic Vehicle Type (Mix) Choice 
(e = 0.1, T - erpctations, R = urpriencc) 

Expectations Effccte. Acronym 1 Vehicle 2-Vehides  3+ Vehicles 

Vehide mix c a p i t d  cost [$/1o3] PRICE.T -.000077  -.000098  -.000073 
[-L511  [4.62] [A921 

Vehide mix capital  coat [S/1o3] PRCHNC.TO02485 0.002201 0.001105 

i houschoid income [S/r++10-5] 

Fuel c m t  [c/km*lO"ttypical - b/Y=l 
Houschold sizn[CseatsI0.' 

Total vehicle seatspace if household 
size > 4 p ~ o m  
Exprience Effats: 
No. of v e h i d ~  in mix with weight <l00 kg 

No. of vehicles in mix with weight l000 to 
1200 kg 

No. of vehicles in nix with luggage capacity 
10.4m3 
No. of vehid~ in mL with luggage capacity 

[4.94]  [4.11] 

VFLTYP.T-.002283  -.002113 

t11.41  [-6.591 

SQCAPS.TO.271708 - 
[9.60] 

STSPC.T - 0.002804 

[2.18] 

VMASS1.R-1.48975  -1.17758 

[-22.31  [-9.031 

VMASS2.R - -1.25575 

[-9.611 

LUGCPl.R-.55642 

[5.80] 

LUGCP2R-1.19552 - 
0.41-0.1m3 

Total luggage capacity of mix [m3] 

NO. Of Vehicles in UIk with klUMCe 
rating <2 
No. of vehicles in mir with insurance 
rating 2-6 

No. of vehider in mir with 4 cylinders 

No. of vchidu in mir with 6 cylinders 

Average mix deration h m  0 to 100 

t13.91 

LUGCAP.R - -.g1816 

[-10.01 

INSRT1.R -1.29207 - 
[-14.01 

INSRTZR -1.41450 - 
[-20.2] 

C(LND4.R - -.61204 

[4.50] 

C(LND6.R - -1.58391 

[-11.31 

AVGACC.R-.47596 -.64241 

[5.39] 

-.On1463 

1-6.611 

- 

-.59547 

[-6.401 

-1.34850 

[-13.021 

-.763i7 

[-8.191 

-.58626 
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km/hour [ ~ M R ~ s ]  [-30.71 [-16.i] !-1?.9! 
Total seatspace if household sizc >4 S?SPC.R - -.0093z? 

(-5.001 
No. of vehicla in mix with manual MANUALR - - -.a6525 

transmission 

Log-likelihood at wnvergcncc 

Log-likelihood at ZM 

LiLeIihocd ratio index 

Samplc size 

Heteroscedasticity wmtion 

weights 

-2774.42 

-6115.63 

0.55 

2552 

Wave 4: 0.99990 

Wave 3: o.99ago 

Wave 2 0.98994 

Wave 1: 0.89143 

-1449.20 

-3358.20 

0.57 

1401 

1.00063 

1.00828 

1.06115 

1.30346 

[-10.61 

4994.i9 

-1054.53 

0.53 

441 

0.99975 

0.99749 

0.9rm 

0.70715 
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Table A2.2 Type Choice  Basic Statistics 1581: private and 
household  business  registered  vehicles] [CH=chosen] 

81 

ALL CB 

1 Vehicle: 
PTCSKM.T [c/km] 5.221  4.751 

PRICE.T [s*10-31 5.724  4.433 

8[~r10-3]/100 1.480  1.188 

PRCHNC.T [S*10-3] 

VFLTYP.T [$/l001  7.997  7.300 
Hhld income [mean=24037]  22723 
Sample Size 7216  656 

2 VehicIes: 
PTCSKMT [c/km] 10.435  9.673 

PRICE.T [%*lO-’]  11.273  9.061 
PRCHNC.T [S*10-3] 
*[%-10-~]/100 3.883  3.210 

VFLTYP.T [$/l001 14.02  13.05 

Hhld income [mean331131 34314 

Sample si 3883  353 

3+ Vehicles: 
PTCSE;M.T [c+] 16.98  15.89 

PRICE.T [S*10-3]  18.62  16.30 

PRCHNC.T [S*10-3] 
+*10-~]/100 9.286  8.249 

VFLTYP.T [%/100]  21.58  20.17 
Hhld income [mean=43940]  48827 
Sample size 1111  101 

Notes: 

82 

ALL CH 

4.981 4.562 

5.681 4.577 

1.422  1.217 

7.615  7.013 

24913 

7073  643 

10.007 9.234 

11.550 9.461 

3.861  3.333 

13.32  12.33 

33359 

3817  347 

16.41 15.36 

18.40 15.94 

8.561  7.675 

19.73  18.50 

45115 

1243  113 

83 84 

ALL CH ALL CH 

4.746 4.341 4.823 4.374 

5.530 4.464 5.536 4.635 

1.254  1.095 1.252  1.137 

7.132  6.564 7.179  6,547 

22777 22631 

6952  632 6831  621 

9.474 8.789 9.631 8.968 

11.036 9.073 11.424 9.810 

3.566  3.059 3.755  3.387 

12.43  11.55 12.62  11.77 

32179 32578 

3828 348 3883  353 

15.54 14.66 15.74 14.91 

17.69 14.44 18.19 14.71 

7.660 6.690 7.474  6.167 

18.80  17.77 19.24  18.19 

42298 40051 
1254  114 1243  113 

1: The mean valu6 relate to the unreightni l a g g e d  indq so they are 1.1 of the current prid value. 
2: The mean vduu are unweighted (i.r prior to the application of the heteroscedasticity weight 
reported in Table A2.1) 
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All three type (mix) choice modek have  variabls  reprevnting the major categorie oi influence: 
financial  performance, m n g e r  carrying  capacity,  luggage  capacity, and clav of  vehicle. Vintage and 

make dimensions are excluded a explanatory  variable4 because they arc part of the definition of the 

choice  altunativa; which  are unranked. Thus these models can provide  predictions  of  household 
choices of vehidc t y p  (mixes)), defined by d e .  model and vintage. Some of the staric mod& in the 

literature  incorrectly indude vehicle age in the definition of the choice  variable and a an explanatory 

variable. The ty-pidy dominating tvdne for the  variable suggests a misspec.fication  problem. The 
empirical  invstigatiom which l e d  us to the dation of the find models found that the financial effects 
am kt sp46.d aa ”pctatiom kdiq nh- vchide quality  attributes are stronger intluence in 

the form of erprience dats. Interpretation  of the expectations  variables is straightforward. 

The strong  statisticd  sigtdicance of the  experience effecLs is indicative of the important role  of  habit in 
shaping  typ-choice holdinp. AU these data have the  correct  negative sign. Takiig the luggage 

,capacity  variables ru an  uample, the  negarive  sign on the  experience  parameter suggsts that there is a 

greatex likelihood of holding a vehicle (mix) in the cnrrent *cd that h= a similar luggage profiie a 
the vehide (mix). The higher parameter  estimate for LUGCP1.R compared to LUGCP2.R in the  one 
vehide model suggsts that the  exprienc.  effat is stronger  for a given  level of similarity with vehicles 
p”essing luggage  capKities in the range 0.1 - 0.4 cubic metra than in the  range of > 4 cubic metres. 
In contrat  the paramctu Ethates on the  insurance  rating uprience variables  take  abouc the same 
value regardlea of the insurance catqory. 

Vehicle Body Mix and Fleet Size Choice Results 

The dynamic fleet-size/body-mix choice model is jointly atimakd by the full informarion maximum 

likelihood (FIML) p d w ,  with each variable d&ed as a  lagged  erogenous  index of the 

erpctatioons form. The l a g g s d  structure 6und to give the hi&& likelihood for t y p e  choice (B = 0.1. 1 
1%) W= dso applied to the  higher  level joint choice  of  flsct size and M y  mix The set of iniluences 
on dynamic choice were ba4al on the tindinep from the static spcdcation reporred in Hensher et. al. 
(1988). After further exploratory analpis re  elected a find model which had these s a m e  influenca 
(associared with the same body m u  alternatives),  plus a proxy initial  conditions variable.  de&& a the 

household’s history with vehida prior to the panel period. This variable is s@ed a the number of 

vehicle4 the household has held sine the household was formed. The find model is summarised in 
Table A2.3 together with snmmary statistia in Table A2.4. 

The overall fit of the dpamic flaetsize/body-mix choice model is much improved over  the  static 

model (reported in Hensher etal 1983) with the likelihdratio index increasing from 0.17 to 0.42 (250 
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per  cent higher). AU the parameter  estimates of the cxogenous  variable are strongly signscant 

(except  for the rental accommodation on d u m m y  variable  associated with the zerc-vehicle fleet size) 
and of the expected s i p  T w o  of the  three fleet-size s&c constants  are  statistically  non-signifcant. 

The inclusive values  ansociated with the linLageE htascn typ+mix choice and  body-mix choice, and 
between body-mix choice and fleet-size  choice  are both highly  significant and positive. Although the 
M y  mix inclwive  value lis within  the 0-1 interval, thus satisfying the necessary and sufficient 
conditions  for a  random utility  specification being consistent with utility maximisarion,  the  type-choice 
inclusive  value U outaide the range (= 1.43). W e  found that this mean parameter estimate wag 
extremely  robust to different  starting valua on the FIML estimates, and to the inciusionjurclusion of 
selective exogenous variahlep. Ebrsch-Supan (1987) has shown that an inclusive  value  greater  than 
unity can still l e d  to a n&cd multinomid logit model which can be reconciled with random utiIity 

maximisation. It homes an empirical  issue k a t e d  with the properties of the particular data set. 
He has shorn as a l o c a l  sufficiency  that  the parameter of inclusive  value can exceed  unity and be 
consistent with random utility madmisation provided all mixed partial derivatives of the cumuiative 

distribution  function (.df) up to the  order of the choice  set are non-negative in the open interval 
containing all data points, and if the cdf d o s  not u d  unity ac a point in the unit  interval. We 
applied thia test and were  able to corroborate this l o c a l  suf6ciency for our data However, Train et al. 
(1987) have mently stated that the static random utility theory (for which the  global and local 
sufkiency  conditions have h e n  developed)  does not represent dynamic aspects of vehicle choice, and 

by  implication it in an open question as to the  applicability  of t h i s  condition  in a  dynamic choice 

context. From a p d y  statistical viewpoint,  the  inclusive value parameter indicates  relative 

substitutability within and among ne.&, and neither  posibility can be ruled out a priori. 
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Table A2.3 - Dynamic Joint  Fleet Size-Body Mix Choice 

B = 0.1, all variables are of the expectations form. 9 alternatives. 4688 observations.  Alternatives: 0 

= zero vehicles. IS = I &an, 1W = I wagon, 1 0 = 1 other  vehicle, ?S = 2 sedans, 2 w,S] = 1 
wagon plus 1 sedan, 2 0 = 2 other vehiclq 3s = 3 dam, 3 0 = 3 other vehicles. The fleet sizes are 
defined in terms of privately registered and household-businss registered  vehicle, with other-businss 
registered  vchiciep treated exogenously.] 

Explanatory Variable 

Fleet size %plus d u m m y  (35,3 0) 

Fleet size 2 dummy (2s. 2(W,S), 2 0) 
Fleet size 1 d u m m y  ( E ,  IW, 1 0) 
Number of driver licenm (d except 

0 vehida) 
Rent accommodation d u m m y  (0 vehicla) 
Buy acm~cdation d u m m y  (ZS, 2(W.S), 2 0) 
Other-businss registered d u m m y  (ZS, 2(W,S), 

2 0, 35, 3 0) 
Other-business regkkd d u m m y  

(IS, lW, 1 0) 
Number of commuten working in and 
adjacent to central  city 

(IS, lW, 10, ZS, ZW, 2 0) 

(2S, 2(W,S), 2 0 .35, 3 0) 

(2S, 2(W,S), 2 4 35, 3 0) 

No. of  children (IW, Z(W,S), 2 0) 

Annual household income (‘00’8) 

No. of full and paretime work= 

Age of household hesd (S, 3 0) 

Lifecycle stage dummy: 

Young adult& no children (0, lS, IW) 

(03, 10) 
Retired permns, no ChiIdrrn 

(ZS,Z(W,S), 2 0, 35, 3 0) 

Adulta 35-64 yrs old, no children 

M c i e n t  

-3.763 

0.4264 

0.6035 

3.5179 

0.4968 

0.4508 

-8.509 

-5.331 

4.596 

0.5818 

1.1002 

0.6154 

4.180 

2.595 

2.376 

4.199 

value 

4.61 

0.75 

1.23 

10.03 

1.33 

2.86 

-13.11 

-10.12 

-4.11 

9.23 

9.35 

6.14 

-124 

11.86 

14.21 

-6.39 
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Previoua  vehicle history 

(all except 0 vebicle3) 
Inclusive  value body mix 
Inclusive  value t y p e  ink 

Log-likelihoml at convergence 

Log-likelihood at zem 

Likelihood ratio index 
Heteroscedasticity  corrcctioo weights: 

0.136  4.09 

0.559  25.7 

1.431  38.9 

-6019 

-10300 

0.42 

Wa v e  4 

Wave 3 

W a v e  2 

W a v e  1 

0.99956 

0.99559 

0.95499 

0.34667 
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Table A2.4 Fleetsize-Body mix Basic  Statistics [All dollar items 
are in 1981 values]. 

Variable 81  82 a3 84 

Proportion of hhlds in flee& 
conraining: 

asedan 

a station wagon 

a panel van 

a light commercial 

a small truck 

an utility 

an other-busin- registered sedan 

an othu-businers registered wagon 

an othu-busin- rrgistued other veh. 

zero vehicles 

one vehicle 

two vehiclu 

three or more vebicla 

one sedan 

one wagon 

one other vehicle 

two sedans 

Table A2.4  continued 

one sedan plus one wagon 
two other vehicles 

three sedaos 
three 0th vehidcs 

Typ choice  hciusive vaiue 
one sedan 

one w q o n  

one other vehicle 

two sedans 

one sedsn plus one wagon 

0.803 
0.209 

0.037 

0.034 

0.038 

0.021 

0.095 

0.030 

0.013 

0.053 

0.560 

0.301 

0.086 

0.435 

0.101 

0.024 

0.163 

0.061 

0.078 

0.038 

0.049 

-1.165 

-1.664 

-3.112 

-2.657 

-2.795 

0.776 

0.225 

0.041 

0.039 

0.037 

0.030 

0.080 

0.023 

0.011 

0.059 

0.549 

0.296 

0.096 

0.405 

0.113 

0.031 

0.155 

0.063 

0.078 

0.040 

0.056 

-1.034 

-1.334 

-2.625 

4.342 

-4.476 

0.i59 

0.224 

0.026 

0.052 

0.032 

0.032 

0.075 

0.029 

0.013 

0.067 

0.539 

0.297 

0.097 

0.391 

0.111 

0.038 

0.157 

0.066 

0.074 

0.044 

0.053 

-0.873 

-1.176 

-2.416 

4.527 

-1.691 

0.742 

0.242 

0.027 

0.06; 

0.032 

0.030 

0.080 

0.027 

0.012 

0.073 

0.530 

0.301 

0.096 

0.369 

0.119 

0.041 

0.151 

0.072 

0.078 

0.035 

0.061 

-0.983 

-1.228 

-2.501 

4.635 

4.769 
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two other vehicles 

three sedans 
three other vehicle, 

number of  driver licenca 

proportion  of households: 

renting a house 

buying a house Poan being paid] 
with at  least one other-busineo 
registered vehicle 

number. of commuters working in or 

adjacent to the cmtd city 

annual household income 

number of workus [full plus part] time 
age of household head 
number of childmu in the  household 

Proportion of households in 
lifccyclc stavJ: 

young adults, no children 
adults 35-64 yeara, no childrrn 

retired persons, no children 

previous vehicle history [no. of 

vehicles  held  since &at vehicle 

acquired up to B M  of panel] 

N O k  

41.033 -6.052 -6.281 -6.296 

-9.626 -6.471 -6.218 -6.246 

-8.795 -5.849 -5.614 -5.707 

2.218  2.172  2.155  2.149 

0.187 0.180 0.165 0.166 

0.663 0.549 0.538 0.508 

0.150 0.126 0.126  0.128 

0.586 

33318 

1.929 

47.63 
1.289 

0.136 

0.156 

0.043 

10.09 

0.549 

34984 

1.765 

48.47 

1.316 

0.128 

0.171 

0.051 

10.09 

0.431 

36441 

1.694 

49.36 

1.303 

0.118 

0.179 

0.057 

10.09 

0.414 

38681 
1.686 

50.27 

1.275 

0.105 

0.195 

0.064 

10.09 

1. The mean dacd to the unweightal l a g g e d  i ndq so they are 1.1 of the  current  period  value. 
2. The m- v&- unweighted (i.e. prior to the application  of the heteroscedasticity  weights 

reportal in Table A2.3). 

Thus, what OUT r d t s  suggept for the typxhoice/body-mix interface is th a t  substitution among nests 

(i.e. from one body mix to another) occurs more readily than substitution within nests (i.e. from one 

t y p e  mix alternative to another). For erample, moving h m  one xdan to one wagon or one sedan to 
one other vehicle, or from one wagon to one other vehicle is an &er substitution than going from say 

one sedan of  type X to one sedan of type h However for  the  body-mix/ileet size interface, 
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substitution within nst4 (i.e. from one fleet size to another) occurs I s s  readily than substitution  within 
nest9 (i.e. from one body-mix alternative to another). M the exogcnous variables  except body-mix 
inclusive  value enter into the  indirect  uriiity exprcssions for the 9 body-mix alternarives. The 
probabiiity of fleehizc.choice is determind solely by~the inclusi\-e  values  associared wirh each  body- 

mix node. For the  degenerate node of zero vehiclu,  the  inclusive  value is lniexp VBM = 0) = VBM 
= 0. The result4 Seem eminently  plausible. 

The joint  flcet-size/body-mix choice model is delined on privately-registered and howhold-business 

registued vehiclo. Other-business registered vehicles M ududed from the  definition of the endogenous 

choice  variable hecause hoouschoIds  typicdly do not have a choice of whether or nor to  hold such 

vehicles. They are tmtd an uogenous variables. The role of the prerncc of other-businas registered 

vehiclrr is handled in model estimation by the uogenous inclusion of two d u m m y  variables 

repmuting the prsence/absena of such  vehicla in householdrr with one or mortthandne non-other 
business +terd vehicle (Table A2.3). The effecb =e strong  negative  influences on the  probability 

of having additional vehida in the  private and household-business  categories. 

The reulta in Tables A2.1 and A2.3 can be appiied to the bare data with the sample  enumeration 
method to  calculate for each household  their  probability of each t y p c m i x  choice  conditionai on a-body- 

mix and fleet-size,  their  probability of M y - m i x  conditional on fleet-size, and rhen  the  marginal 

probability of fleet  size  (given  the uogenously determined availability of other-business  regisrered 

vehicles). The joint  probability of type mix. body mix and flset size m i a t e d  with the chosen vehicle 
protile is now utilised to derive  for each household  the  selativity  correction term for  inclusion in the 
dynamic vehicle use model WC have optd for the  selectivity  correction  specification which only 

rcquiro data on the ch-n path through  the nsted choice hierarchy. Henshcr and Milthorpe (1987) 

report  empirical  evidence based on the panel d a b  which shows that the use of the more complex 

correction formula pro+ by Dubm and  McFadden yields Virrually identical resuirs. The form of the 

selectivity term used henin is given in Table A2.6. 

Dynamic Vehicle Use in the Household Sector 

The linal dynamic vehicle use models with Ylecririty M s u m m a r i s e d  in Table A2.5. W e  have 

reported multa based on alternative -umptiom on the initial conditions. The dynamic use models are 

specifid in ten of total household  kilomctra as%xiatzd with all  vehicle. The use of other-business 
registered  vehicla is t n a t e d  endogenously (m contrast to their vehicle choice) since households do have 

an innuence on the pattern and level of'use of such vchicla In Hemher [l9851 we have discussed the 
linkago between  the use of each vehicle in a household at a point in time and over  time, and have 
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argued that the influence of the use level of one vehicle on the use level of another  vehicle in the 

household’s fleet is h s t  EtUdied intratempody, with the rcssulting usc of each vehicle s u m m i n g  to 
d e h e  the total annual UIY of all vehicles. The latter is then included in the dynamic use model as the 
new lagged  level of use. Furthermore, for the use module to be compatible with the vehicle  choice 

maidc, the former n& to be a household-level model. Tbis dso rrsclves a  computational  problem of 

identifying  the  relevant mapping of vehiclu though time for calculating the kgged indices, especially 

the  lagged  selectivity index. 
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Table A2.5 Dynamic Vehicle Use Models (1172 households with 

annual h * 10-~. 
0, 1, 2, 3, 4+ vehicles). AI dollar i t e m s  ace in 1981 dollars. Dependenc variable = 

[EX= urogenous, EN = endogenous; UN = unconstrained, SC = s e r i a l  covariance. ST = SC + 
stationarity, p = correlation between vi (the random effmt) and the residual  disturbance] 

1 2 3 4 5 6 8 

HXMo EX EN EX EN EN EN EN EN 
R UN UN SC sz sc UN S2 sc 

Constant 0.5558  0.7103  0.6766  0.9933  1.0906  1.2797 1.6621 1.2232 

(5.901  [6.31]  [6.92]  [8.03]  [8.46]  [5.91]  [9.25]  [8.56] 

AGEHD -.0031  -.0039 -.0040 -.0056 -.0062  -.0164  -.0195  -.0064 

L-2.21  [-2.41  [-2.51  [-2.91  [-3.11  [-3.81  [-5.4] [-3.31 

DHINC 0.3067  0.3903  0.3569  0.5371  0.5913  0.4193  0.6021  0.6089 

[1.92]  [2.24] [Z.lO] 12.681 [2.93]  [2.35] [X001 12.98) 

PTCSK "45 -.M98 -.OS10  -.OS99  -.0619  -.0469 -.OS82 -.D623 

[-3.31 [-3.51 [-3.61 [-3.i] [-3.8]~  [-3.31  [-3.61  [-3.91 

NONRRC 0.2806 0.2942 0.2941  0.2975 0.2969 0.2722 0.2823 0.2918 

[4.35]  [4.40] [4.333 [4.081 (4.151  [4.00]  i3.931  [4.15] 

SELLP 0.2062  0.2447  0.2194  0.2820  0.2970 0.2583 0.3032  0.2992 

[3.31]  (3.641  [3.31]  [3.75]  [3.97]  [3.78]  (4.051  [3.99] 

CITY.4.R -.l562 -.l850 -.l694 -2176 -2282 -.l857 -2254 4283 

[-5.01 [-5.31 1-5.11 [-5.6] [-5.81 [-L31 [-L81 [-5.81 

69 



BTCE Occasional Paper 103 

Table A2. 5 continued 
1 2 3 4  5 6 7 8 

NHHBUS 0.2285'  0.3004  0.2663  0.4064  0.4458  0.2977  0.4242  0.4578 

NFTW 

LCEF 

HKML 

SELECT. 
MTY 

HKM, 
Q 

P 

L* 

WOO 

W22 

Function 

Evaln's 

Iterat. 

[7.09] 

0.3068 

[10.7] 

0.3048 

[5.81] 

0.6017 

I34.71 

0.0089 

[2.78] 

1 

EX 
UN 

- 

[7.36] 

0.3453 

[10.7] 

0.3737 

[6.23] 

0.5194 

[16.1] 

0.0088 

P.74 

2 

EN 
UN 

- 
- 

[8.171 [9.66]  [10.2]  [7.14]  [9.52] [10.4] 

0.3286 0.3897 0.4035 0.2798 0.3372 0.4046 

[10.9] [ l 1 4  [11.6] (7.171 [8.62] [11.7] 

0.3387 0.4764 0.5156 0.5437 0.6644 0.5267 

[6.15] p.211 [?.?'l] (6.771 [9.06] [8.48] 

0.5572 0.3871 0.3373 0.5190 0.3570 0.3235 

[45.8] [15.3] [12.0] [15.5] [11.9] [11.3] 

0.0091 0.0082 0.0078 0.0074 0.0070 0.0075 

[2.73] [2.38] [2.33] [2.27] [X061 [2.25] 

3 4 5 6 7 8 

EX EN  EN  EN EN EN 
sc sz sc UN SZ SC 

0.0000 0.2405 0.3314 - 0.2944 0.3887 

[-0.00] [5.65] [5.37] - [4.86] [5.06] 

- 528.7  -1355.5 - 628.1 -1486.1  -1463.5 -6886.0 -6989.3  -1461.8 

1.5827  1.5562  1.5596  1.5855  1.6205  1.5687  1.6221  1.6326 

1.0017 1.0239  1.0132 1.1088 1.1595  1.0410  1.1634  1.1760 

561  517  693  751  947  564  980  1085 

17 16 M 26  17  27  27  22 
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TestJ of alternative hypothss with respect to the initial conditions kvio] and the ermr variance rnacrk 
are summarised in Table 112.6. The test  statirtia s a t i s f y  the c&-square discriburion. W e  use the 

likelihood ratio t a t  to identify  the  implications of the  restrictions on the models. 
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Table A2.6 Likelihood Ratio Tests far Vehicle use Model 
Comparison 

Tet A 2[L, -L, ] + I In U, X' with T dcgrca of freedom [T df.] * *  

Teat B 2bF-L$] +' I In det W* - x2 with (T+l)(m-k,) df. 

Test C 2[LF-L:'] - x2 with 
TestD2&$-Lt] - x2 with 

Test E: 2b$-L$] - X 2 with 
Test F: 2&L,"-L$] - X 2 

llndet wZ - X 2 
I In det w22 - X 2 

Teot G 2[L, -L, ] + * *  

Test H: 2& -L, 1 + * *  

.. . 

~~. . 
. ~~ 

.~ 

Tat N w n k  
. .  

A 
B 
C 
D 
E 
F 
G 
H 

TP+1]/2 - 2 df. 

[T+l]F+2]/2 - 3 df. 

2 df. 

F+l]p+2)/2 - 4 df. 

[T+l]Im-kz] df. 

LR DF X 2 

16545 

lllD0 
1198 

261 

45 

216 

11183 

1.54 

4 

5 

8 

12 

2 

11 

5 
5 

reject 

reject 

reject 

reject 

reject 

reject 

reject 

rejecc 

The p r e f d  dynamic vehicle use model is Model 2 (Table A2.5) in which the initial conditions 

(HKM,) ue endogenous and the entire Juipl cnmbtiDn matrix 6) is unretricted as arbitrary positive 
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dcfink. Model A impascs an uogcneity audition on HKM. aide maintaining an unrestricted R such 
that the elements take the form: 

[a]  correlation within initial conditions  period: 

WO. = u$[l-tc]~ + LT3/[1-K]’ + U: [A211 

[b] codation between initial conditions and observed wave t: 
WOt = U;/[l-k] [A221 

[c] comlation within the ohscrvable prid 
W,, = U; + 2 ,  F t  

[d] cnmhtion between obsmable periods: 
W,, = LT;, sft 

lA2.31 

w.41 

The repulb in Table A2.5 reprrsent the lirst known effort L0 eptimate a dynamic vehicle use mode! in 

which explicit allowance is made for unobserved hckerogeneity  within  the panel p e r i o d  and prior 40 the 
Panel (i.e. initial conditions), as reU as true state dependence 

The hdinga suggest that for the  subset of mal& 1 to 5 with no cornlacion assumed between the 

random effect and one timeinvariant observed variable, that endogeneity of yio and an arbitrary 

unreptricted but positive  definite] error variance drir is the preferred  assumption. The imposed 
wrreiationd StNctW in mod& 4 and 5 when con@ to mode1 2 is not an improvement on an 

arbitrary cnmlatiod form. 
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Table A2.7 Variables in the Dynamic Vehicle Use Model 11981- 
19851 
[ mtha, = the number of months in the last 12 months a vehicle has ken in the households; v& = 
total vehicle months in the last 12 months. M d o h  i t e m s  M in 1981  dollan, adjusted by the 
comumer price index 81 = 1.0, 82 = 1.102, 83= 1.234, 84 =1.309. To convert  variables weighted by 
months held which give a per vehicle r c d t  to a fleet rault, multiply by vmhs/l2]. 

Variable Name 

hnal HMd Km. 
[HKM] (b*104) 

No. of full-time 

workers PFTW] 

No. of Hhld. 
Businaa Rcg'd 
VehicIa[NHHBUS] 

No. of Workus 

Employed in or 
Adjacent to City 

[CITYAR] 

Age of €&Id Head 

[AGEHD] 

Weighted Age 

p r  fleet veh. 

WEVI (y-4 

Household Life 

Cyde S@ed 
ki&>llYra. 

Derivation Wave 1 

XY&krM." 23994 

[1.870] 

Erno. empl. 1.3940 

2 0  hA/nk] [0.940] 

0.1890 

[OS301 

0.5330 

[0.700] 

C[ag.,*mt&] 6.5400 
[4.000] 

vmhs 

0.2350 
[0.420] 

Wave 2 

2.3830 

11.7981 

1.3590 

[0.920] 

0.2210 

[0.580] 

0.4050 

[0.630] 

44.410 

[l3201 

6.6600 

[4.1001 

02300 

[0.420] 

Wave 3 

2.2703 

[L6951 

1.3220 

[0.920] 

0.2440 

[0.650] 

0.3910 

[0.610] 

44.940 

[13.10] 

6.6900 

[4.100] 

0.2380 

[0.430] 

Wave 4 

2.3190 

[1.703] 

1.3140 

[0.920] 

0.2420 

[0.630] 

0.3750 

[0.560] 

45.780 

[l3201 

6.6600 

[4.300] 

0.2490 

[0.430] 
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Table A2.8 Continued 

Variable Name Derivation Wave 1 Wave 2 Wave 3 Wave 4 

Weighted m m  C[wtvrmrhsv] 1074.0 1088.0  1084.0 1069.0 

28.130 26.160 24.810 24.890 

[15.70] [15.30] [14.60] [14.20] 

0.7570  0.9310  0.8370 0.i920 

0.941 [ 2.00I [ 1.101 [ 1.101 

3.8750 3.6810 3.5170 3.5170 

[ 1.601 [ 1.401 [ 1.401 [ M O ]  

0.2320 0.2230 0.2090 0.2030 

I 4 3 3 1  [ 0.271 [ 0.301 [ 0.281 

0.3510 0.3485 0.3418 0.3554 

value of fleet tmtbul,/vmhs [ 0.271 [ 0.301 [ 0.28) [ 0.311 
vehiclea pr 

vehicle [SELLP] 
((S/~O~YCPI) 
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Table A2.8 Continued 

Variable Name Derivation Wave 1 Wave 2 Wave 3 Wave 4 

Selectivity comction +[ "(pro+)] 3.835 3.783 3.972 3.742 

[SCI /p+ [4.06]  [4.83] [6.48] [5.34] 
Prob;=probahility of choosing 

ith flcctsize/hody mix/type 
& 

Note: The man vduea for the dynamic uy and type choice models differ bnause [l] other-business 
registered vehicles arc exduded from t y p e  choig [2] m vehicle households are not in the type choice 
model; [3] type  choice is defined on only  the  holdings at the end of each wave, 50 that disposed vehicles 
am exduded. AU vehicl- held  during part or all of the 12 month period are  included in the calculation 
of annual housebold  vehicle  kilometres. 

Modcl 2 ia OUT prcfmsl model. Of particular interet U the LR tats of Model 2 compared to Models 1 
(Test A) and 4 (Tst D). The reatrictioos on the &d covariance matrix 0') are  given  in  equstions 
IA2.11 - IA2.41. Modd 1 ignore the ht c o l u m n  and 6rst row of j buse HKM. is exogenous and the 
0th- componentn of the u m r  matrix [A2.3] and [A2.4] M left as arbitrary  positive  definite. In Model 
4 we constraiu the j matrix to have elements  given  by  equations [A2.1] - [A2.4]. That is, stationarity is 

impceed via equations [A2.l] and [a2.2]. The additional parameter in Modcl 4 (i.e p) is a measure of 
the  correlation htw- the  standard  deviation of the random &Kt 7, and the  residual  disturbance 
vqt. The LR t a t  used to compare the  unre3trict-d and restricted mod& bath with endogenous initial 
conditions give a value of 262.0 with 11 df. W e  can safely  reject the null hypothesis  (at  :he most 
stringent siguiticance levcl)  that  the &rid model is no diifuent to the  uarestricted model. 

Interestingly  the m- d a t i o n  between the enor compnds for the  restricted  specification (i.e. 

between the random &ut 'lh- NID(0, c') and the  residual  disturbance v~,-NID(O,U~)) is 0.24, 
signi6cantly Werent from zero. W e  can dso dely rcjat Mcdd 1 ova Modd 2 on conventional leveis 
of statintid sificancc- Thi snggatr tba an arbitrary  unrstricted  (but pitive defiatc) serial 
covariancc & within and htween the initid conditions and the pan& observations is a preferred 

assumption. 

Except for the age of the head (AGEHD), .U 0th- variabla arc time varying. AGEBD atcn a the 
age of the head ai the bcgirmbg of wave 1; and is a pmxy for the  experience of the household in 
vehicle use ('jutitid from our anscssmmt of the data which indicat~ that households with older  heads 
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have more years  of erposurr to vehicle  utilisation). The set of iduence4 on vehicle use include the 

casts of owniug and operating vehid~ (F'TCSK, RMAINK, NONRCC), the  soci+ezonornic 
composition  of the household (AGEHD,  DHINC, NETW, LCEF), characteristics of vehicles (PRICE, 
NHHBUS), and l a g g e d  UJC The endogenously specified l a g g e d  use parameter of 0.519 in ,Model B 
suggepta that about one-half of the curent level of vehicle use can be predicted by the  previous  period's 
use level and via the r-ive nature of the dynamic UBC model system, by the use level in all previous 

periods. BC income &Kt suggests that a 10% in- in real income (z S2500) d, ccteris paribus, 
l e a d  to an in- in vehicle use of 0.70%. 

The selectivity kmn which further establish the link beta- vchide use and vehicle  choice are a l l  
statistically  si&caot. The method (bascd on Lec (1983)) captures the relationship between the 
unobeerved turn in the  conditional indirect utility  function amiated with the  chosen vehide(s) and 

the unobserved turns 'm the vehicle use model. The positive signs of the ulcctivity parameters signiiy 

a positive ccmlation  between these unobeervcd km. Unobserved factors that make the probabiiicy 
of choosing a vchide more Uely ako have the  effect of increasing the expected u11 of the vehicle. 

Dynamic Choice Elasticities 

A selection  of  elarticity estimatu from the  vehicle choice and use models are s h a m  in Table A2.9. 
The vehicle choice elasticities arc long run. The ccpsctations index for variable gihr is constructed a 
g:*, = gihi + 8jA,,-,, where B = 0.1 by etimation. The use elaticities are short m in that vehicle 

portfolioa  are held fixed. 

A generdiscd de6nition of the elasticity of vehide choice with respect to the k'" uogenous variable. g' 

obtained from the hierarchid netcd logit model, P,. P . Pml,*, is: *l; 

Thus we m able by the  application of [AZ.S] to derive direct and cross elasticities w i t h i n  and between 
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levels-of  the  hierarchical  vehicle choice system.  Elasticitie can h obtained  for each household using 
enmemtion, with weighted  aggregate  elasticitia  calculated as probability  weighted  household- 

Speeirc &&cities. The ehticities  reported in Table A2.8 for  type  choicc and fleet size are derived 

using (A2.8). . 

The type  choice  capit.l-cost eladdtia tend to be 10- than thmc found elsewhere in the literature. 
Capitd cost is predicted to exert  very  little innuence on vebicle  choice, especially for one and  two 

vehicle houscbolds. W e  found, however, that the capital cost elastidtia increased  sigPificantly when 

the experience ddu W- omitted,  snggeting that other studies may be sdering misspeciiication 

problems 6om the  non-inclusion of t h e  variabla. The fuel c m t  elasticitis  broadly conform to  those 

obtained in other  studia. That these and the capital cost  ehticities  incrcase  for larger fleet sizes may 

be attributed to the ind flexibility in t y p e  choice (mix) enjoyed by t h e  households. One vehicle 

households M typidy canstrained to choosing a vehicle to meet overall famiiy needs. Multiple 

vehick households in contrast  are  able to tailor  vehicles  for qeci5c household mobility tasks. The 
absolute vehicle cost burden is also grmter for t h e  households. 
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Table A2.8 Elasticity Estimates from the Dynamic Vehicle Type 
Choice and Use Models (Using Sample Enumeration) 

Variable Drvription 

Type choice model 
capital cost of fled: 

1 vehicle households 

2 vehicle lwuscholds 
3+ vehicle households 

Annual fuel cart of fleet: 
1 vehicle houschoids 

2 vehicle households 

3t vehicle households 

Fleet Sic Modcl 
Household income 

2 vehicie howholds 

3+ vehicle hodolds 

Number of driver's licences 

1 vehicle howholds 

2 vehide households 

3+ vehicle households 
N u m k  of full-time and part.time rorken 

2 vehicle households 
3+ vehicle households 

Age Of houeehold hcad 
3+ vehicle households 

Hieradical Elastiaties: 

Fleet size choice m t h  mpca to capital 
cost of fleet: 

1 vehide households 

2 vehicle houscholda 

3; vehicle households 

Weighted Aggregate 

Elasticity  Estimate 

-0.032 

-0.092 

4.201 

4.822 

-1.063 

-1.478 

1.024 

1.181 

2.965 

3.658 

4.230 

0.980 

1.117 

1.434 

Mean 
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Fleet size choice with respect to annual fuel cat: 
1 vehicle  households - .l46 
2 vehicle  households - .291 
3 vehicle  households - .407 
Fleet size choice with mpect to h o d o l d  
inwme (m type  choice  only) 

1 vehicle households 

2 vehicle households 

3 vehicle households 

Use model 

Unit fuel uxlt 
Household inwme net 

of operating c m t  

Unit maintenance cast 
Non-rccumnt mets 

Vehicle  price 

Lagged Vehicle Use 

0.046 

0.076 

0.550 

-0.075 

0.041 

-0.039 
0.026 

0.038 

0.591 

Fleet size elasticities M r c p o r k d  for uogenons variables from the body-mix and type-mix choice  levels 
of the natal structure. The inclusive v d u 6  have to be usal in the  calculations  with both inclusive 

values entering the  derivation of fleet size elasticitis with mpct to fleet capital cc&, fuel  cost, and 

household inwme associated with  type  choioe; and only  the body-mix inclusive  value  entering  into the 

calculation for household i n m m e   ( d a t e d  with body mix), a u m b u  of driver  licences, number of 
workers, and age of the  household hcad. 

The elasticity of the  probability of a multipkvehicle fleet size with respct to  household income is 
relatively  &tic (1.02, 1.18  respectively for 2 a d  3 vehicle fleets of private  plus  household  business 

rqidercd vehidee). This mnlt is very  plausible, and highlighta the role of income in influencing  fleet 
size in w n t r d  to i t s  relatively negligible &at on vehicle use (0.041). T h e  inclusion of the  additional 

income effect  introduced via the  type choice decision for 2-vehicle  househol& is negligible, increaing 

the elasticity from 1.02 to 1.096; however for 2-vehicle  households  the change is quite  strong, increasing 

horn 1.18 to 1.73. Thus  we can mnclude that  the  level of vehicle ownership is positively misted 
with  household  income. with indidiom that the d i r a t  elasticity  increases with the numhr of private 
plus  household-businaa regktered vehicles in the !let, holding the number of other-businar registered 
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vehiclm at a  constant  level. 

The choice of vehicle t y p e  mix is much more sensitive to vehicle  capital cmts and vehicle  fuel costs 

than U fleet size, with the  elasticitis  being  higher within a  level than between a  !eve1 of the nested 
structure. In all circumstance the  absolute  elasticitia increase m the  fleet size incr-. 

Turning to the vehicle use elasticities, it rill be noted that t h e  are  lower  than  estimates to be found 

in the  literature. Our methods, however, add a d- of sophistication which is absent from mosr 

other  studia. T h e  general view is that short run fuel elastidtia, for instance, are between -0.05 and - 
2.00, with Austrdian evidence by schou and J o h n  (1980) of -0.08 using time serics data W e  

" p c t  the raults to he at the lower end of the range once an dowancc bas bean made for state 

dependence and h a b i t  p~istencc (a4 dso mnfirmed by J o h n  and Bensher (1979) in a mode choice 

context). Parpie in the short r u n  are somerhar irrsensitive to hci a t  in relation  to  vehicle use. 

Conclusions 

The radk in this Appendix are a  product of an invatigation into the development of a dynamic 

micrPeconometric model of the  household =tor's joint demand for vehicle number, compositim and 

use. W e  have  emphasised an approach which is tharretidy consistent, rnethcdologicaily sound, 

compubtiondy tractable and capable of application in a large number of policy and scenario planning 

couturts. The selection of the find set of influam in vehicle  choice and use have been guided by 
ecouomic thtory in the frnt instancc as well ar the potential to obtain data on the iduencing e5ects 
for application of the model system. 

The cxt,emiom of static discrcte/cnotinuous choice models to a dynamic cnntexr (which is almost 

mandatory d e n  the discrete choice iniolva ansumer durable) confirms the important role of 

"pctationa and exprienvs in the  overall rrpknatioo of choice What we have available now 3 a 

detailed set of empirical models capable  of providing guidance on a number of what if.... questions 

about chaoga (or the lack of change) in hcial tmk (e.g. sda taxes on automobiles and 5 4  cosz of 

vehicle  manufxturc), vthide technology (e.g. weight  reductiou by use of plastics, improved h e 1  

cousumption), F u g e r  and l o a d  carq-iug capacity, and the x c i o d e m ~ p h i c  composition of the 
population (e.g. household size, income, number of workers, life cycle and location of workplaces). 



APPENDIX 111 DERIVATION OF THE GENERALISED PRICE 
ELASTICITY OF ENERGY  DEMAND 

For individual  vehicle, detine the identity: 

where VKM. = mud vehicle kilometra of vehicle Y and FE. = fuel efficiency in litres p e r  100 

kilometrs achieved by the vth vehidr 

For vehicles grouped by vintage (to enable  the application of puplevel characteristis): 

E = C VKM,/FE,, where VKM, and FE, M group means, g= t  ,... ,G p u p .  
G 

g=l 

Multiply  equation (2) by (VKM*V)/(VKM*V), w h m  VKM = C  VKM./V = the average V K M  
driven pu vehicle for the  whole flet, and d&e 

V 
v=l - 

where FE ia a weighted harmonic mean of the c5icienaa charactcrisig eKh vintage p u p  rather than 

an arithmetic mea. That is the average fuel efficiency of  the entire vehicle population. Then: 

Assume that V". f(d price of ptml: P., and 0th- facLorsJ, then equation (5) becomes: 

E = (VKM(P.)/FE(P.))*V(P.) 
Taking natural l o g a  on both sides of equation (6) re get 
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Divide  both sids of equation (7) by log P.. and noting that the ratio of two logarithmic items is an 

elasticity, we get: 

Since csch of the behavioural elasticitia on the RHS are  negative,  they are ail s u m m e d  to  give the 

overall  fuel  price  elasticity of demand for energy. QED 

a4 



APPENDIX IV SUMMARY OF SELECTED FUEL-DEMAND 
ELASTlClTlES 

Table A5.1 
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ESTIYATION 
XETXOD 

modal. O U  
GU and CANADA 
other 
dynamlc JAPAN 

csa 

rnadals w ~ c h  AUSTRIA 
KOYCK (11, GERMANY 
polynomlnal SWiTZERL 
(21 laqa UK 
and dl€Ie- F W C E  

I I 1 

Source: Blum et. d. (1989) 
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come - 0.16 - 0.20 - 0.16 - - 0.79 - 0.17 - a.;a - 0.06 - 0.29 
- 0.08 - 0.37 - 0.62 - 0.36 - 0.17 - 0.59 

0.19 -0.14 
0.11 -0.96 
0.05 -0.S6 
0.76 -0.52 
0.40 -0.22 
1.07 -0.62 
0.56 -0.31 
1.1. -0.86 
0.12 -0.16 
0.83 -0.10 

0.60 -0.62 
0.16 -0.16 

0.71 0.Dk 

0.5. -0.66 



Appendix IV 

Table A5.3 Summaries of Gasoline Demand, Miles, and Miles-per- 
Gallon Models 

-024 - 0.65 0.51 
-0.11 -0.a 0.4 

- 038 -0.76 0.3 
CO CO 10 

-0.1s - 05s 0.54 
- 0.03 - 0.10 0.05 
10 10 

-0.4 - 1.61 0.85 
-012 -316 0.18 

ro 

-0.m -03 0.09 

-0.16 - 103 025 
to ID m 

-0.08 -0.22 0.43 
-0.m -0.05 028 
I0 to 10 - 3.74 - 0.29 0.87 

-0.18 -0.38 056 - 004 -0.1s 0.28 

-0.38 - az 0.86 
10 io I0 

- 0 12 -0.61 G29 
-0,:l -0.61 0.i8 
10 I0 I 0  

- 0.13 - 0.61 0.30 
- 0.13 - 0.20 0.33 
-0.05 -0.ii 0.10 

-013 -016 0.63 
I0 io io 

-0.25 -0.65 0.:2 
-0.31 - 0.22 0.22 
I0 to ID 

-0.52 - 1.26  0.78 

LPriCe1 (incorncl 

- 035 0 43 - 0.02 
10 

0.17 

- 1.05 - 025 
10 

0.83 
0.46 

-0.14 G11 
I0 to - 0.u 0.72 - a.52 0.41 - 0.22 
m 

0.29 

- 0.7 036 
to 

Arciu'aaid b Cjiiing.*am, i?8O. 
:g81 
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Price l”C0me Mcdei Reierences 
Oar2 2nd 

- i.02 - 0.70 
- 1.28 cc 

- 0.c - 0.10 
(0 . - 1.73 

- 0.i7 - 0.52 
l* - X 6  

ISR 

-0.io 
- 0.32 
to - 3.53 

- 0.M 
-0.12 

?O - 02.. - 0.78 
0.0 

- 036 to 

LR 
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10 - 0.60 

- 033 - 033 
- 033 to 

- 0.50 
0.0 

- 1.3 to 

057 
032 
to 
0.69 

0.53 
0.33 

0.83 
to 

0.41 
032 

0.47 
to 

0.bi 
0.36 

13i 
10 

52 

0.26 
0.15 
m 
0.47 

0.i8 
0.W 
:D 

0.97 
0.3 
0.06 

0.98 
10 

- 0.07 - 0.03 
l0 - 0.08 

m1 
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1 .S 
i.u. 
10 
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APPENDIX V AIRCRAFT  CHARACTERISTICS: THE 
AUSTRALIAN FLEET 1986-1 988 
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YEAR 
ATY  PE 
FSIZE 
S E A T S  
T H O U R S  
AVUT 

DlST 

S P E E D  

198516 to 198718 
Aircraft type= 
Fleet  sizea 
Seats  per  aircrafta 
Total  hours  flown on scheduled  regular  public  transport services 
Average Aircraft  Utilisation  represents  the average  hours  flown by 
one aircraft  over a year,  expressed in kms/houp 

transport  services  divided by the total number of  take-offs 
Number of kilometres  an aircraft flies on scheduled  regular  public 

performed on such  services,  expressed in kmsa 
Kilometres  flown on scheduled  regular  public  transport  services 
divided by hours  flown  on  scheduled  regular  public  transport 
services,  expressed in kms/houra 

LFPASWGT Load factor  for passengers,  expressed as a percentage0 
LFALLWGT Load factor  for passengers and cargo,  expressed  as a percentageb 

SEATKMLT Seat  kilometres  per litref 

Sources: 
a 

Domestic Airline  Aircraft  Utlisation 19896 to 198718 
Transport and Communicaitons (1989): Air  Transport  Statistics, 

b Transport and Communications, Avstats 
C Ansett  Airlines  for F27 & F50 (using  Formula 1 below)  and Greene 

(l989a) for  others  (using Formula 2 below) 

Formula 1 - Used to Convert Kilograms  per  hour  Fuel  Burn  into  Seat 
Kilometres  per  Litre: 

e.g. 680kg/hour to 17.8 seatkm/litre for the F27 

680 kg/hour = ,680 tonnes/hour 
.EEC :onces:bzu: * :2S! = $57.15 !i:res,’kcx ( :vhe:e 125: is !he cxversico !ac?cr 

of aviation  turbine  fuel  from tonnes to litres) 
857.481itresihour = 0.37 km/litre  (given  average speed of 320kph) 
0.37km/litre ’ 48 seats (number of seats  available) = 17.8 seatkmilitre 
Formula 2 - Used to Convert Seat Miles  per  U.S.  Gallon to Seat 
Kilometres  per  Litre: 

1 mile/gallon = ,351 8 km/litre 
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ABARE 
A D O  
AFC 
AIP 
aviur 
ARRDO 
BTCE 
BTU 
CAFE 
CFC 
C N G  
DFV 
FFV 
GJ 
G N P  
GDP 
IMP 

LPG 
maglev 
MTRAIN 

NlElR 
OLS 
OPEC 
S M P G  
SMVU 
STA 
SURE 
3SLS 
TSLS 
us 
VFT 
VKT 
XPT 

Australian  Bureau of Agricultural and  Resource  Economics 
Automotive  diesel oil 
Average fuel consumed per vehicle  per  year 
Australian  Institute of Petroleum 
Aviation turbine fuel 
Australian  Railway  Research  and  Development  Organisation 
Bureau of Transport  and  Communications  Economics 
British  thermal unit 
Corporate  average  fuel  efficiency 
Chlorinated  fluorocarbons 
Compressed natural gas 
Dual-fuelled  vehicle 
Flexible-fuel  vehicle 
Gigajoule 
Gross natural  product 
Gross domestic  product 
Econometric  model of the  University of Melbourne Institute  of 
Applied Economic  and Social  Research 
Liquefied  petroleum gas 
Magnetic  levitation  railway 
Train  operation  simulation  program of the State  Rail  Authority 
of New South Wales 
National  Institute  of Economic  and Industry  Research 
Ordinary  least  squares  regression 
Organisation of Petroleum  Exporting  Countries 
Seat-miles  per  gallon 
Survey of Motor Vehicle Usage 
State  Transit  Authority  of New South Wales 
Seemingly  unrelated  regression 
Three-stage least squares 
Two-step least squares  regression 
United  States 
Very  fast  train 
Vehicle-kilometres  travelled 
State  Rail  Authority  of New South Wales express  passenger 
train 
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