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FOREWORD

This study has been carried out by commission of the Traffic and Climate Com

mittee (Directive No 1993:40) as part of the analyses performed by the Committee

of the prospects of limiting C02 emissions by means of general economic policy

measures, for instance C02 pricing.

Many helpful observations and suggestions were made during the course of the

work by the secretaries of the Committee, Goran Friberg and Per-Ove Hesselborn.

Ulf Hammarstrbm and Henrik Jonsson at VTI (Swedish Road and Transport

Research Institute) have also made helpful observations.

Urban Bjorketun and Jan Eriksson of VTI have carried out the model runs which

form the basis for the reference forecasts.

The report has been translated into English by L J Gruber, Cambridge.

The undersigned who has written the report naturally assumes all responsibility

for any remaining errors and omissions in the report.

Stockholm, June 1994

Henrik Swahn
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C02 emissions by the transport sector. Forecasts and control prospects via C02
pricing

by
Henrik Swahn, Urban Bjorketun and Jan Eriksson
Swedish Road and Transport Research Institute (VTI)
S-581 95 Linkoping, Sweden

SUMMARY

This study has two objectives,

1) to forecast the emissions of C02 by the Swedish transport sector for the years

2000, 2005 and 2020 on the basis of two background scenarios for Swedish

economic growth - the reference scenarios

2) to analyse and evaluate the levels of a C02 tax which would be required to

achieve specified targets for future C02 emissions by the transport sector.

For the first objective, the "national" model systems have been used to generate

the basic transport forecasts. For the second, an ad hoc model system of partial

elasticities based on other studies has been developed and used for the calcu-

lations.

Emission forecast

The main difference between the two reference scenarios lies in the assumptions

made regarding the rate of economic growth and private consumption. Both

scenarios are characterised by comparatively low growth for the initial period

1990-2000, but for the whole period 1990-2020 the difference is considerable.

The average annual rate of growth of GNP for the low growth scenario is 1.5 %

and for the high growth scenario it is 2.3 %.
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On the assumption that no new taxes are imposed on fossil fuels for transport after

the introduction of VAT at the beginning of 1990, the predictions of C02 emis-

sions indicate that "autonomous" C02 emissions will increase.

In the low growth scenario, C02 emissions by the transport sector are expected to

increase (with reference to 1990) by 8 % by 2000, by 16 % by 2005 and by almost

50 % by 2020. In the high growth scenario, the corresponding figures are 13 %,

27 % and 86 %. The conclusion is that it is not likely, even under low growth

conditions, that C02 emissions will stabilise at the 1990 level through auto

nomous mechanisms.

Required levels of C02 charges to attain speci ed targets

The model system based on partial elasticities covers all subsectors of the Swedish

transport sector which are significant for C02 emissions.

The calculations show that C02 emissions by the year 2000 could probably be

stabilised at the 1990 level by approximately doubling the present C02 charge of

SEK 0.77/kg of C02 emission, under the assumption that petrol price elasticities

are in the upper range of the plausible interval. It will be seen from Table 6.2 that

this increase in C02 charge is equivalent to a petrol price rise of SEK 1.7 - 2.9 per

litre of petrol (in terms of 1994 price level), depending on the rate of economic

growth. If the level of C02 emissions is to be stabilised at the 1990 level by the

year 2005, even higher C02 charges will be required; the rise in the price of petrol

(relative to 1994) would have to be in the range of SEK 3 5 per litre in terms of

1994 prices.

The charge/petrol price requirements for a reduction in C02 emissions for the

years 2000 and 2005 are set out in Table 6.3. A 10 % reduction in C02 emissions

by 2000 would require petrol price rises of SEK 4-6. Attainment of a 25 % reduc

tion by 2005 would require a substantial increase in petrol price; the present price

level would almost have to be doubled.
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1 INTRODUCTION

1.1 Background and object

In recent years, the focus in the environmental debate has shifted towards the long

term global climate problems which it is considered may arise due to the large

scale emission of greenhouse gases to the atmosphere. The most important active

greenhouse gas is carbon dioxide which is released into the atmosphere in large

quantities by the burning of fossil fuels.

As far as Sweden is concerned, there has been a steep reduction in the use of fossil

fuels for heating and by industry owing to the development of electricity gene-

ration based on nuclear power, extensive energy conservation measures which

were put in hand as a result of the oil crises during the 703, and increased use of

biofuels. In the transport sector, however, there has been only limited inducement

to replace foSsil fuels. Extensive replacement of fossil fuels in the transport sector

by other energy carriers has also been seen as relatively expensive and compli-

cated. For this reason, the sector has gradually come to account for an increasing

proportion of the Swedish C02 emissions.

Owing to the adoption of national environmental targets and inter national under-

takings by Sweden regarding stabilisation and eventual reduction of C02 emis-

sions, it is likely that further measures will be needed to ensure that developments

in Sweden occur in such a way that these targets and international undertakings

can be met. In view of the increasing significance of the transport sector for C02

emissions, it appears inevitable that action will have to be taken in this sector also.

In order to study and to propose appropriate measures to limit the emission of

C02 etc by trafic, the Government has therefore set up a special committee, the

Traffic and Climate Committee (TOK, Directive No 1993240). This study has

been carried out by commission of this committee and is part of the comprehen-

sive studies performed by the committee in this area.
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The study is concerned with two principal issues which are of importance for the

work of the Committee.

The first is what traffic growth may be expected without any new and special

measures being taken to in uence the emissions of C02 by the transport sector.

Assessment of this growth forms an essential point of departure for the analyses of

all kinds of measures.

The second issue concerns the application of general charges on C02 emissions as

a policy measure to attain certain defined target levels for C02 emissions by traf-

fic at different times. The question is what levels of charges are required to

achieve these targets, in view of the growth that can be expected without C02

pricing.

The aim of the study is to provide answers to these two important questions. A

first task is therefore to estimate the emissions of C02 by the Swedish transport

sector on the basis of two different assumptions regarding economic development.

A second task is to analyse what changes in the price of fuel would be needed to

initiate such adjustment processes that a number of given target levels for the C02

emissions of the Swedish transport sector may be achieved at a number of future

dates.

1.2 The design of the study

The problem which the study tackles can be formulated as follows. Given that the

goal is to stabilise and eventually reduce future C02 emissions in Sweden and

internationally, what can be done within the Swedish transport sector by control-

ling the price levels of fuels to help achieve this goal, and how will developments

in the transport sector itself in uence the chances of achieving these goals.

The approach chosen is similar to that adopted in other studies (for instance the

study performed by the Norwegian Institute of Transport Economics (T01); see

TOI 1991a). In this approach, one (or more) future development routes which may
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be expected without the measures to be studied, are defined. In the following,

these development routes are referred to as the reference alternatives or reference

forecasts which also indicate what the reference development implies for C02

emissions. The analysis of policy measures and their effects (in this case general

C02 charges) is performed on the basis of these reference alternatives.

Definition of the assumptions of the reference alternatives and analysis of the

effects of the reference development for the transport sector, its structure and its

performance in terms of transport mileage, and estimation of the cOnsequences of

these for C02 emissions, is no trivial undertaking. Several dif cult issues, which

are discussed in detail in the following, must be dealt with.

Uncertainty regardingfuture economic development

. In View of the uncertainty regarding future economic development, it may be

warranted to draw up alternative scenarios for economic development in order that

an "outcome interval" may be defined, an uncertainty interval which probably

comprises the development which will actually occur. This approach has been

applied in VTI 1992, Nutek 1993.

Owing to economic stagnation in recent years, the structural problems of Swedish

economy and problems regarding long term development of productivity, as well

as the long term growth trend from the beginning of the 70s which is weak in

comparison with that during the 50s and 60s (the trend rate of growth in GNP

during the period 1970-1992 was +1.85 % annually), work on the basis of a

growth alternative which is well below +1.85 % annually during the time scale

under study (up to the year 2020) appears warranted. On the other hand, the

"prudence principle" demands that a study should also be made of an alternative

which is more troublesome from the point of view of C02 emissions, i.e. one

which has an appreciably higher rate of growth.

An approach based on two alternative rates of growth has therefore been chosen in

spite of the fact that this is more complicated and perhaps also more difficult to
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interpret than using one reference alternative (for instance, as in the transport

sector study of the Norwegian KLIMA Report, T01 1991a).

The choice ofmethod of analysis and models

What method or methods should be selected in order that a sound forecast may be

provided of future development in the transport sector on the basis of certain as-

sumptions, for instance concerning development of the economy? What is of pri-

mary interest in this study is that the methods employed should provide a sound

idea and understanding of how C02 emissions by the transport sector are deter-

mined and how they can be in uenced by means of C02 pricing of general appli-

cation.

Over the time scale which applies to this study, it is necessary to base it on exis-

ting methods and models. Broadly speaking, the following alternatives are

available:

- the Swedish "national" model system (SAMPLAN IREG-Godsmodell/VTI).

This model system has recently been used to draw up traffic forecasts for the

latest round of infrastructure planning (BV/VV/VTI 1993, VTI 1992a). Earlier

versions of these model systems were used by the Swedish Board Of Transport

(TPR 1990: 10) for national forecasts

- car ownership-car use models to analyse car traffic which is important for

study of C02 emissions (Jansson, VTI 1992a)

- aggregated regression models for future fuel consumption (Nutek 1993)

- values of elasticity for the transport sector, estimated in Swedish and inter

national studies.

In order that there may be full comparability between the reference forecast and

the different price alternatives which are analysed, the policy measure and refe-

rence alternatives should ideally be based on the same method/model system. In
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this way, differences between analysis alternatives which are due only to the use

of different methods will be eliminated. The system which is most obvious for

such a function is the "national model system".

On the whole, the existing national systems provide a plausible forecast of the

future development of the Swedish transport sector as a function of the develop-

ment in household incomes, the production levels of the economy, foreign trade,

the structure of the economy and demographic changes. The model systems also

give a reasonable forecast of the developments in different transport markets and

different modes/methods of travel.

The difficulty posed by the national model systems with regard to the second aim

of this study - the analysis of the price levels of fuels which are required to

achieve certain target levels concerning C02 emissions - is that they are not parti-

cularly good at modelling the effects of changes in the price of fuel.

Unfortunately, the model systems for passenger transport do net model the effects

of cost changes on car travel in a fully credible manner. It is certainly possible to

study the effect of price changes, but the results are hardly reliable in the light of

what is known from other studies. (The fact that the systems yield plausible

estimates of values at certain times does not mean that they also provide plausible

estimates of price elasticities; values at certain times are a matter of an internal

relationship between the parameters estimated in the model, which may be

realistic, while at the same time determination of a satisfactory direct price

elasticity may demand a different model specification for e.g. "trip generation"

and "destination choice".

The goods model system does not contain transport cost at all as an independent

variable, which means that modal distribution for goods is entirely structurally

determined. This is obviously unsatisfactory and unacceptable for the aims which

this study has.

The strength of the national model systems is thus to be found in modelling the

effects of general economic development and dividing up the picture of the trans-
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port sector into partial markets of interest. The weakness of the systems lies in

their treatment of the key variable in this study, fuel cost.

In the light of the above, the national model systems are used in the study to

generate reference development without policy measures, while other methods,

primarily those for calculation of elasticities, must be resorted to in order that the

effects of price changes may be studied in a credible manner.

Limitedfeedbackfrom the transport sector to other developments in society

One limitation in the arrangement of analysis in this study which may be serious

in regard to analyses over a relatively long term is that development in the trans-

port sector, either in the reference alternative or in the policy measure alternative,

in uences developments in society as a whole. This limitation also applies, for

instance, in the previously mentioned Norwegian study (T01 1991a, KLIMA

Report).

Especially in regard to measures which may result both in steep price rises for

transport in general and in large changes in the relative prices of different trans-

port modes, the lack of feedback appears serious in an analysis which has a long

time scale. After all, in the long term considerable changes in price development

may occur through changes in the location of dwellings and business, changes in

the structure of the economy, and in foreign trade.

With the model systems now available, however, such an analysis cannot be

carried out on a national level, and all we can do is to acknowledge the existence

of the problem, a problem which we share with the above Norwergian study (T01

1991a)

Thefeasibility of using existingforecasts as the reference alternative

In recent years some "national" assessments of future developments have been

produced which may be used as reference forecasts in this study. They are
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1. Future transport in Sweden, VTI Bulletin No T 117, 1992

2. Snickars et al, Sweden 2010. Two forecasts of future transport and environ-

ment

Nutek: Energy Report 1993 B, 1993:6

4. BV/VV/VTI: Transport Forecast 2005 and 2020 (BV P 1993:4, VV

19931063).

In an in depth analysis of C02 emissions by the transport sector, it is necessary to

have very good control over all the assumptions and models which have been used

to make these analyses. This is also essential in order that the validity and limi-

tations of the results may be correctly judged. Alternatives Nos 2 and 3 do not

satisfy these conditions while Nos 1 and 4 do so, and they are therefore preferable

for our purposes.

In the light of the deterioration in general economic development since the

appearance in 1992 of the VTI study "Future transport in Sweden" (VTI 1992a),

and the demand that this study should produce assessments of future develop-

ments for a number of years, it has been considered more appropriate to use

general economic scenarios which are defined in a way different from those in the

above VTI study. We have chosen the forecast according to the joint forecast

report (No 4 above) as one of our reference alternatives (low alternative) for a

reason which is set out in greater detail later on (Section 4.3), and in addition

generated a new reference alternative (high alternative) with the same method as

that used in the joint report (No 4). Many assumptions are the same in the two

reference alternatives, for instance those concerning future road networks, traffic

supply and demographic development etc (see also Chapter 4).

Adjustment mechanisms associated with price changes

One difficult methodological problem is to establish what adjustments regarding

price changes are or are not included in a model system of the type used to

generate the reference alternatives for the development of passenger transport

(Samplan-IC2; REG). It is essential to have complete clarity in this regard in order
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to ensure that there is no duplication or omission of effects, and that the results

may be given a correct interpretation.

One example which may be mentioned is development of the average petrol

consumption over time by the car eet. This quantity is a parameter which is

supplied exogenously to the model systems for different future dates. The value of

the parameter then affects the cost per number of km driven in a car.

However, the parameter values concerning development of the average petrol

consumption which have been assumed in the reference alternatives ought to be

consistent with the assumptions made in these reference alternatives regarding

development in household incomes, fuel costs, the values placed by consumers on

different features of cars such as safety, technical developments regarding the

energy efficiency of engines etc. Ideally, therefore, this parameter should be

determined endogenously in the model system, but this is not done at present.

A similar argument can be put forward regarding future development in car occu

pancy which is an important cost determinant in the choice between modes for

different journey purposes. This determinant may be assumed to interact in diffe

rent ways with fuel costs, incomes, the supply of public transport,.etc.

In the absence of developed models, integrated with the national model systems,

for certain essential parameters which in uence the results of calculations with

these model systems, the values of the parameters for the future dates of the refe-

rence scenarios must be judged "exogenously" in a reasonably sophisticated man-

ner. The assessments made should be regarded as values which are consistent with

the general development according to the reference scenario concerned.

The reference scenarios shall be based on "no policy changes". The judgments

made regarding future parameter values in the models are therefore not an ex

pression of some anticipated changes, relative to the initial position, in traffic

policy, environmental policy orfiscal policy, even though part of e.g. an assumed

autonomous change in specific petrol consumption may possibly be seen as an

expression of certain rises in the price of petrol which have been anticipated by
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the "car market" on the basis of the expectations of the market that C02 charges

will increase in future. This is a problem which is in all circumstances difficult to

deal with.

The analysis in this study as to what changes in the price of fuel are necessary in

order to achieve specified targets regarding C02 emissions is based on elasticities.

In an elasticity analysis it is to some extent possible, if so desired and if empirical

data are available, to separate out partial elasticities for certain types of changes.

In principle, however, the elasticity approach, in the way that elasticity is in most

cases estimated, provides the total effect on e.g. transport mileage due) to a change

in e.g. the price of petrol, and this effect is generally the result of a large number

of different adjustments made by the transport user, adjustments which may be

difficult to specify in detail.

1.3 The arrangement of the report

Chapter 2 gives an approximate overview of C02 emissions globally and in

Sweden and of the way these have changed in recent decades. Some estimates of

the C02 emissions by the Swedish transport sector are also given.

Chapter 3 describes some of the forecasts which are available regarding future

C02 emissions by the Swedish transport sector, namely the environmental reports

of the traffic administration authorities and the Nutek energy report (C02 emis-

sions are estimated here on the basis of the forecasts made by Nutek regarding the

use of different fuels by the transport sector). A summary is also given of the

Norwegian transport sector analysis which was made by TOI for the KLIMA

Report.

Our two reference alternatives are set out in Chapter 4 together with their

assumptions and their results concerning development of traffic and C02 emis-

sions.
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The analysis of the changes in the price of fuel required to achieve the target

levels for C02 emissions which are specified in our terms of reference is

described in Chapter 5, and the implications of the results are discussed.

The results of the study are summed up in Chapter 6.
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2 EMISSIONS OF C02 - DEVELOPMENTS SO FAR

AND A DESCRIPTION OF THE PRESENT POSI-

TION

2.1 The need for an international and trans-sectorial perspective

C02 emissions recognise no national frontiers; they are genuinely international in

character and their threatening effects are global. Nor are C02 emissions bound to

any single sector in society; many sectors contribute to the problem.

An effective policy against C02 emissions ought therefore to be international, and

in. each individual country it ought to be trans-sectorial. Macroeconomic effi-

ciency demands that the marginal costs associated with a given reduction in

(global) C02 emissions should be the same, and this condition also applies to the

narrower national perspective among sectors. One known way of bringing about

such an effective solution is to ensure that all players are confronted with the

same price for a given C02 emission.

The many problems which such an international and trans sectorial approach in-

volves will not be discussed here. However, by considering the extent of C02

emissions internationally and nationally, a necessary complementary perspective

is added to the discussion of measures against C02 emissions by the Swedish

transport sector. This chapter will therefore give a summary review of global and

national C02 emissions.

2.2 Global C02 emissions

Over a period, the comprehensive use of coal for energy production was replaced

by oil, gas and electricity. "Clean" fuels and energy carriers which were in many

respects less resource demanding replaced the dirty and labour intensive fuels.
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The oil crises during the 70s created the impression that one faced a constant

scarcity of energy and that a long term increase in energy prices had to be ex-

pected since the stock of fossil fuels is finite; energy sources of increasing diffi-

culty of access must be utilised, and this will involve a long term rise in marginal

costs. Alternative technology also implies higher marginal costs.

Owing to the high degree of dependence of OECD countries on political emer-

gency stocks for their energgy supplies, in most countries it became a political

goal to reduce dependence on imported energy, mainly through reducing reliance

on oil. Large scale investments were therefore made in nuclear power and also in

biofuels. In the days of the oil crisis, prospecting for oil in new areas became

profitable. Preparations were made for the exploitation of deposits of tar sand in

the US and other places.

It was however soon found that in countries which used a lot of energy consi

derable adjustments occurred on both the supply and demand side. The problem of

energy scarcity gradually became less acute, and it therefore received less and less

attention.

World production of electrical energy almost doubled between 1975 and 1989 (an

overall increase of over 4 % annually, per capita increase was just under 2 % an-

nually). Of the absolute total increase of almost 5000 TWh during these 14 years,

hydroelectric power accounted for almost 1000 TWh and nuclear power for over

1500 TWh. One half of the increase in electricity production was therefore based

on fossil fuels.

In a global perspective, the dominant role played by fossil fuels in world-wide

(registered) energy production has not undergone any appreciable change during

the period 1973-1989, as will be seen from Table 2.1 below.
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Table 2.1 Global energy production in 1973 and 1989.

Source: Statistics Sweden, Statistical Year Book 1979, 1993.

    

1973 1989 1989 proportion
Twh %
energy
Content

Crude oil (106 tonnes) 2.781 2.952 32.000 38
Coal (106 tonnes) 2.212 3.474 28.100 34

Natural gas (TWh) (12.700) (19.600) 19.600 23

Hydroelectric power 2.094 3

Nuclear power 1.884 2

Totals 83.700 100

Proportion of fossil fuels 95%

[Petrol (106 tonnes) 510 729 7.300]

 

In contrast to global conditions, development in Sweden since the end of the 705

is characterised by a slight drop in total energy production and by a reduction in

the proportion of fossil fuels from almost three quarters to one half. The use of oil

has been almost halved. Nuclear power and also the use of papermaking liquors,

wood based fuels and incineration of waste have provided a considerable addition.

Table 2.2 Swedish energy production (1000 Terajoule TJ).

Source: Statistics Sweden, Statistical Year Book 1979, 1993

    

1978 199 1

TJ % TJ %

Oil 1 . 135 70 65 1 42
Wood fuels, lliquor, waste 132 8 251 16
District heatrng - 25 1
Coal, coke 65 4 102 7
Natural gas,town gas - 26 2
Hydroelectrlc and nuclear
power (net) 290 18 501 32

Totals 1.622 100 1.556 100

Proportion of fossil fuels 74 51

 

Fossil based energy production in Sweden amounts to 0.3 % of global production,

while the population of Sweden accounts for just over 0.1% of the world's

population.
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However, a new storm cloud appeared soon after the energy crises - the effect of

greenhouse gases on global climate. For a long time there was a high degree of

disagreement regarding the existence of the C02 problem, but gradually a measure

of agreement was reached that there really was a problem. Continued transforma-

tion of fossil coal into free carbon dioxide in the atmosphere may result in global

rises in temperature due to the greenhouse effect, and this would change world

climate. Large areas of land would be ooded owing to a rise in world-wide sea

levels as a result of melting of land ice sheets, there would be dramatic changes in

climate, etc.

What used to be regarded as a completely innocuous and "natural" phenomenon,

the emission of C02 (plus some other greenhouse gases) has now come to be

regarded as a serious problem. On the other hand, energy production as such is no

longer seen as an immediate problem owing to the changes brought about by the

oil crises, and the central problem remains the fact that an overwhelming propor-

tion of the energy consumption of modern societies involves the burning of fossil

fuels (see Table 2.1 above) which releases C02 into the atmosphere. Even though

the effects in the long term are not fully known, the "prudence principle" demands

that addition of C02 to the atmosphere should be brought under control on a

global scale.

In Sweden, as part of international cooperation, a first staged target is therefore

under discussion which means that Swedish C02 emissions in the year 2000

would remain the same as in 1990. This study is part of the analysis of the impli-

cations and consequences of making the Swedish national C02 target into a partial

target for the transport sector.

The overview in Table 2.1 shows that use offossil fuels continued to increase

during the period 1973-1989; an energy-weighted index for the use of coal and oil

increased by an average of 1.4 % annually, i.e. by 25 % overall, over the 16 year

period. To this must be added the fact that global use of natural gas has risen by

just over 50 % over the same period. In this context, the contributions made by

hydroelectric and nuclear poWer are practically negligible.
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On the basis of the information in Table 2.1, the average quantity of fossil fuel per

person per year can be calculated for the world population of about six thousand

million. It comes to more than one tonne of fossil fuel, corresponding to about

10.000 kWh per person per year.

2.3 Swedish C02 emissions

According to SCB (Statistics Sweden), total emissions of C02 into the

atmosphere in Sweden amounted to 59.350.000 tonnes in 1990. The correspon-

ding figure for 1980 was 82.010.000 tonnes, which means that emissions

decreased by 30 %. Over the same period, GNP increased by 21 %.

Changes in C02 emissions by the transport sector are set out in Table 2.3.

Table 2.3 Emissions of C02 in Sweden by public transport.

(Source SCB Na 18 SM 9301). Million tonnes of C02

    

1980 1990 i991

Road traffic 13.1 15.7 15.5

Other transport 8.9 10.0 9.9

Rail traffic
Totals 21.9 25.7 25.4
Proportion of total
C02 emissions attri- 27% 43% 43%
butable to public
transport

 

Note. Errors due to rounding occur.
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3 FUTURE C02 EMISSIONS - SOME RECENT

FORECASTS

3.1 The aims and arrangement of the forecasts

This chapter describes three recent forecasts regarding traffic mileage, fuel

consumption and C02 emissions; two are Swedish and one Norwegian.

The Swedish forecasts are the Nutek (Swedish Board for Technical and Economic

Development) Energy Report 1993 and the Environmental Report 1992

(published on 1.9.1993) drawn up jointly by the Road Administration, the Rail

Administration and the Road and Transport Research Institute. Both these

forecasts form part of the ongoing data reporting activities of these authorities.

The environmental report is part of the ongoing follow-up activity of the environ

mental effects of traffic which the authorities concerned carry out to meet their

individual and environmental responsibilities for the traffic sectOr. This report is

the second one published, and its definitive forms in regard to e.g. coordination

with assessments of future events for other purposes within each authority have

not yet established.

The environmental report contains both forecasts for different emissions and a

discussion of different measures and their effects. As far as we are concerned, it is

the forecasts that are of the greatest interest. They are based on a "most probable"

assessed economic development which is converted into a corresponding deve-

lopment in transport mileage. By the application of emission factors whose deve-

lopment over time is forecast, different kinds of emission at future dates of

interest are estimated. '

The Nutek energy report is drawn up every year for the Government in order to set

out and evaluate the changes and developments in the energy system in Sweden.

The task of Nutek also includes reporting of the use of fossil and bio fuels. For our
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study, Nutek's treatment of the development in the transport sector is of particular

interest. The method employed by Nutek in the transport sector study is to focus

on aggregated fuel consumption in different parts of the transport sector and to

forecast development in these individually. Important initial assumptions which

are made for forecasting purposes relate to development of GNP, household in-

comes, production, and changes in fuel prices and in fuel consumption per vehicle

kilometre.

The aim of the Norwegian transport sector study is to analyse the effects of a

uniform C02 charge on different sectors of Norwegian society. The study shows

that the adjustments to be expected in the transport sector due a uniform trans

sectorial C02 charge are relatively small. The study also shows that the macro-

, economic costs of these adjustments will be higher than necessary if the transport

sector is forced to make the same percentage change as other sectors.

3.2 Environmental Report 1992

The aim of this environmental report is to present a comprehensive analysis of the

traffic sector's prospects to meet the national targets for atmospheric emissions.

The report is based on submissions by each authority.

The emission forecasts in the report are stated to be based on emission factors

according to the Road and Transport Research Institute (VTI) 1992 and 1993 and

on the most recent forecasts by the Rail Administration (BV) and the Road

Administration (VV).

In Table 3.1 the figures given in the Environmental Report regarding growth of

traffic are compared with the corresponding figures in the latest transport forecast

report of BV, VV and VTI (BV P 1993z4).
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Table 3.1 Development of traffic up to 2005 according to the Environmental
Report by the traffic administration authorities compared with the
most recent forecasts by BV, VV and VTI. 1990 = 100.

  

2005 2005
Env Report BV etc

- Passenger transport by road (passkm) 1191) 117
of which
* long Journeys (>100 km) - 129
* short Journeys (<100 km) 112

goods transport by road (tonne km) 118 125
of which:
* short journeys 124
* long iourneys 126

 

1) Figure projected from 1989 to 1990 using VTI transport statistics regarding the relative change
in passenger transport by road between these years.

As will be seen in the table, the total estimated rise in passenger transport by road,

according to the Environmental Report, is slightly above the corresponding figure

according to the latest forecast report by BV, VV and VTI, while the estimated

development of goods transport by road is appreciably lower in the Environmental

Report. The growth in GNP between 1990 and 2005 is assumed by the

BV/VV/VTI forecasts to be an average of +1.5 % per annum, with a lower rate of

rise in the beginning of the period and a higher one in its later years.

In the Environmental Report (Appendix No 2) it is stated that the most recent

forecast by the traffic administration authorities takes no account of the rise in

petrol prices at the end of 1992. The discussion in Section 4.4 shows that the price

assumptions made in the underlying forecasts of the traffic administration

authorities are too high rather than too low when the price rises at the end of 1992

are taken into consideration. There is therefore no reason to suppose that the

forecast by the traffic authorities overestimates development in road traffic due to

an underestimation ofthe rise in petrol prices.

The Environmental Report summarises the estimated development in C02 emis-

sions as set out in Table 3.2.

VTI RAPPORT 395A



19

Table 3.2 C02 emissions by the transport sector (million tonnes) according to
the Environmental Report 1992 (Sept 1993).

  

Year Road Sea Air Rail Target Total

1990 18 2.8 1.5 0.1 22.0 22.0

2000 19 2.5 1.8 0.1 22.0 23.4

2005 19 0.2 24

2010 20 0.2 24

 

We have not been able to determine from the Environmental Report exactly what

assumptions had been made regarding the development in emission factors for

C02 for e.g. road traffic. The estimates in the report are based on these assump-

.tions.

If, however, transport on roads according to the Environmental Report grows by

19 % between 1990 and 2005 (see Table 3.1), the estimated rise in emissions by

5.5 % implies that the average emissions per vehicle km during the same period

decreases by.a1most 13 %, or in other words from an average of ca 0.093 l/km in

1990 (0.101 according to the Swedish Board of Transport TPR) to 0.082 1/km in

2005 (on condition that these changes occur in equal proportions between

passenger and goods traffic by road).

This may be compared with the development during the fifteen year period 1975-

1990 when the average petrol consumption, in litre/km, of the vehicle eet de-

creased by 5 6 %, which is equal to an annual rate of change of almost 0.4 %. The

implicit rate of change according to the Environmental Report is over 0.8 % an-

nually. The report does not state what driving forces are assumed to give rise to

this accelerated rate of change.
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3.3 The NUTEK (Swedish Board for Technical and Industrial Develop-

ment) Energy Report 1993

The terms of reference of Nutek laid down by the Government charge it to make

an annual evaluation of the Swedish energy policy programme and to assess the

future electricity supply situation. Nutek draws up forecasts of the future deve-

lopment in energy production and demand both in total and in different sectors of

society, among them the transport sector (Nutek, Energy Report 1993, B 1993z6).

Nutek's assessments of future sectorial developments are based on certain com-

mon assumptions regarding economic development, energy and environmental

taxes, and the prices of different kinds of energy in Sweden.

Table 3.3 The Nutek Energy Report. Some assumptions made in the forecasts

 

1980-89 1986-95*) 1992 1993-2005

 

annual % annual % High Low

GNP 1.8 0.7 2.7 0.7
Private consumption 0.4 3.0 1.1
Industrial production 1.9 1. l 3 .0 l . 1
Energy taxes
Crude oil USD/barrel
(1992 price level) 19 30 24
SEK/USD 5.8 7.02) 7.0
Fuel prices
- Petrol incl VAT 6.654) 8.31 7.85
Diesel excl VAT 3.944) 4.74 4.32

 

*) Based on the National Institute of Economic Research (KI) report "The State of the Economy,
Autumn 1993"

Crude oil prices have dropped since 1992 to a level around USD 14/barrel at the beginning of

1994. This price level is however considered to be a temporary low. KI considers that the price
level at the end of 1995 will be ca USD 19/barrel.

This is the dollar exchange rate in 2005.

The fuel prices for 2005 (1992 price level) include all changes in taxation up to 1.1.93 but no

further tax changes during the period 1993-2005.

The prices for 1992 are the average for the year.
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Some of the assumptions made by Nutek regarding overall economic development

and the change in fuel prices over the period 1993-2005 are set out in Table 3.3

below. GNP is assumed to grow by 2.7 % annually in the high alternative and by

0.7 % annually in the low alternative. The assumed growth GNP, private con-

sumption and industrial production is compared in the table with the periods

1980-89 and 1986-95.

Nutek emphasises the uncertainty in the assessments of future developments. The

development alternative "high" comprises a number of different parametric as-

sumptions which represent favourable economic growth, such as high fuel prices,

rapid growth in GNP, increased industrial production, etc. The alternative "low"

represents development in which the rate of growth of these variables is lower.

The part of the Nutek report which for us has the greatest interest is that which

contains assessments regarding development of the transport sector up to 2005

against the background of the assumptions set out in the table above.

This part of the report begins with a discussion of the development in the past few

years, and attention is drawn to certain chronological distortions in fuel use owing

to stockpiling prior to the tax rises. The report also examines the competitiveness

of different fuels within the transport sector. The Nutek discussion of this issue is

substantially based on the report "Life of Fuels" (Ecotraffic AB, 1992). Nutek

draws the conclusion that a spontaneous change from petrol and diesel to alterna-

tive fuels is highly improbable during the forecasting period (-2005).

Table 3.2 sets out Nutek's assessments regarding future fuel consumption by the

transport sector for the alternatives "high" and "low".
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Table 3.4 Assessments by NUTEK 1993 of future energy use by the transport

   

sector

Deliveries High Low

1992 annual % 2005 annual % 2005

Ave. fuel consumption
- cars 1.00 -0.5 0.94 -0.35 0.96
- lorries -0.5 -0.4

Petrol 106 m3 5.9 +1.0 6.7 +0.3 6.1

Diesel 106 m3 2.1 +1.5 2.5 +0.7 2.3

Aviation fuel 106 m3 1.0 +2.5 1.4 +1.3 1.2

Electricity, Twh 2.4 +1.6 2.9 +1.1 2.8

Totals, Twh 85.0 +1.3 101.0 +0.5 91.1

 

Shipping inforeign trade

Diesel 0.02 +12 0.1 +10.1 0.08
Fuel Oil 1 0.2 +2.9 0.3 +0.5 0.2
Fuel Oil 2-5 0.8 +0.8 0.9 +0.5 0.2
Total shipping, Twh 10.7 +1.6 13.2 +0.9 12.0

 

Owing to stockpiling, use of diesel and petrol in 1992 was considerably lower than deliveries.

In calculating percentage changes, the estimated stockpiling was first deducted

The Nutek forecast implies that the use of both petrol and diesel grows consi-

derably more slowly than GNP, private consumption and industrial production in

both scenarios. During the immediately preceding decades, petrol consumption

had grown at about the same rate as GNP, or slightly more strongly.

In the high growth scenario, petrol consumption up to 2005 grows by over 13 %,

corresponding to 1 % annually, while private consumption grows by 3 % annually.

The average specific petrol consumption of the vehicle eet is assumed to de-

crease from 0.1 l/km to 0.094 l/km which is equivalent to an annual decrease of

0.5 %. This means that the number of vehicle km travelled by petrol driven cars is

expected to grow by ca 1.5 % annually, which is one half of the rate of growth in

private consumption. In the high growth scenario, petrol prices charged to con-

sumers are assumed to rise by 25 % during the period 1992-2005 which is equiva-

lent to an average annual rate of price increase of 1.7 %.
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By applying specific emission factors for COZ for different fuels to the figures set

out in Table 3.4, the Nutek forecast for fuel consumption can be converted into an

emission forecast for C02. The results are set out in Table 3.5.

Table 3.5 Forecast of C02 emissions by the transport sector, based on the Nutek
Energy Report 1993 and internal calculations.

      

C02 emission Ratio Ratio

Tonnes (Mtonnes/year) 2005/ 2005/
Fuel CO /m 1992 2005 2005 1992 1992

(TN& 1992) Low High Low High

Petrol 2.32 13.69 14.15 15.54 1.03 1.14

Diesel 2.58 5.42 5.93 6.45 1.09 1.19

Aviation fuel 2.28 2.28 2.74 3.19 1.20 1.40
(kerosene)

(Electricity, TWh) (2.4) (2.8) (2.9)
(CO2 emission by fossil
produced electricity) (1.50) (1.8) (1.8)

Totals 21.39 22.82 25.18 1.07 1.18

Shipping in for. trade

Diesel 2.55 0.05 0.20 0.26

Fuel Oil 1 2.58 0.52 0.52 0.77

Fuel Oil 2 5 2.5 2.00 2.13 2.20

Total shipping - 2.57 2.85 3.23 1.11 1.26

Total C02 emission
by whole
transport sector - 23.96 25.67 28.41 1.07 1 . 18

 

For the lower rate of growth, C02 emissions by the transport sector may thus,

according to Nutek 1993, be practically the same in 2005 as in 1992, owing to the

low rate of growth at the beginning of the period. The level of emissions is

however probably higher in 1992 than in 1990 which is the reference year for the

tentative national targets for C02 emissions. It does not therefore appear possible,

even for the low alternative in the Nutek forecast, for the target of no change in

the level of emissions by the transport sector to be attained Without special

measures. For the high growth alternative the emissions are considerably above

the target level.
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It must be remembered that the Nutek forecast assumes that fuel taxes will not be

changed and that no special policy measures will be employed, for instance to

stimulate the introduction of bio-based fuels or to in uence modal distribution. It

would appear that the adjustment mechanisms which are included in the forecast

are a certain gradual reduction in the average fuel consumption by the vehicle eet

and the change in the total transport mileage which is associated with the deve-

lopment of incomes, GNP and fuel prices.1 )

3.4 The Norwegian KLIMA Report

The Norwegian KLIMA Report examines the emissions of greenhouse gases by

different sectors of Norwegian society. As part of this work, a comprehensive

transport sector analysis was performed by the Norwegian Institute of Transport

Economics T01. The results of the analysis are given in outline in Section 8.6 of

the KLIMA Report and in more detail in T01 1991a and T01 1992a.

For the analysis of future demand for passenger transport, T01 makes use of a

relatively recently developed model system comprising four submodels. These are

1) Number of driving licences

2) Car ownership/car use

3) Short journeys

4) Long journeys

The estimates by all models are based on ca 4000 household interviews from the

Norwegian national travel pattern survey of 1984-85, complemented by transport

supply data for trips in the sample which were coded onto the direct observations.

Counting at national level was performed using the sample enumeration

technique.

 

1 As will have been seen from Table 3.3, in the judgment of Nutek fuel prices increase partly

bacause of rising crude oil prices and partly because of an increase in the dollar exchange rate
in relation to the 1992 level.
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The structure and method in the Norwegian national model system is thus very

similar to the corresponding Swedish model system. There is an essential diffe-

rence between the Swedish and Norwegian model systems in regard to implicit

petrol price elasticities. While the Swedish model system for long journeys has a

short term income elasticity for passenger km by car which is approximately the

same as the Norwegian one (ca +0.5), the Norwegian short term petrol price elas-

ticity for passenger km by car is estimated at 0.7* O.25 = -0.18, while the corres-

ponding Swedish figure is -0.04.

The Norwegian model for goods transport demand which is used for the KLIMA

study is a modal split model of the translog type applied to aggregated data from

the Norwegian national accounts. The Norwegian model is a modification of a

model developed by Guru 1979 for Canada. The model estimates proportion of

expenditure for the four transport modes railways, shipping, aviation and road

transport (exclusive of own-account transport).

The TOI transport sector analysis elucidates the difference in the development of

transport mileage, traffic mileage and emissions for two scenarios over the period

1985-2025, i.e.

- the reference alternative (R)

- the C02 pricing alternative (C)

Both scenarios are based on the same assumptions regarding macroeconomic and

demographic development. The C02 alternative assumes that the pricing of C02

emissions will gradually increase to NEK l/kg of C02 emission in 2025, which is

equivalent to a charge of NEK 2.31/litre of petrol or NEK 2.58/litre of diesel. It

may be mentioned for purposes of comparison that the Swedish C02 charge for

petrol on 1.1.1994 is SEK 0.77/litre and for diesel SEK 0.957/litre. The C02 pri-

cing alternative thus implies a C02 pricing level about three times as high as the

present Swedish level.

The reference alternative assumes that taxes and environmental charges will

remain unchanged.
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The assumptions which are the same in the two alternatives in the Norwegian

study are summarised in the table overleaf.
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Table 3.6 Assumptions for the reference alternative and the C02 pricing alterna
tive in the Norwegian study. (Source: TOI 1991a).

(The figures in the table are average annual percentage changes per
period or the index for the value in the year concerned. Unless other-
W1se stated, 1988 = 100).

    

1988 1988- 2000 2000- 2025

2000 2025
Assum tions common to
both a ternatives:

GNP 100 +2.0 127 2.0 211

Private consumption 100 +2.0 127 2.0 211

Population 100 +0.17 102 +0.17 106

Employment 100 +0.7 109 -0. 12 106

Gross investment in Sufficient for standard of transport supply
transport to remain the same as demand rises

Degree of urbanisation N0 change during the period

Size of household 2.60 -0.35 0.35 2.23

(persons/household)

Proportion of single- 28 34

person households (%)

Development in fuel price

for some transport services

1988 1988- 2000 2000- 2025

2000 2025

Petrol price:
- R alternative 100 110 115

- CO2 pricing alternative 100 123 185

Diesel price:
- R alternative 100 124 170
- CO2 pricing alternative 100 163 321

Public transport prices:
R alternative 100 95 +0.4 105

(all modes)

- CO2 pricing alternative
- rail traffic 100 95 106

- ferries 100 98 125

passenger ships 100 98 126
- air travel 100 96 115

- buses 100 96 112

 

VTI RAPPORT 395A



28

The assumptions regarding macroeconomic growth which formthe basis for the

Norwegian study are at the same level as the higher growth alternative used in the

VTI study, i.e. about 2 % annual growth for both GNP and private consumption

(see Section 4.3 with regard to the macroeconomic assumptions for the reference

alternative in this study).

The development in fuel prices in the R alternative in the Norwegian study is

considerably lower than what we will assume in the reference alternatives in our

study (see Section 4.4). There is however no further explanation in the Norwegian

study regarding the relatively modest rate of price rise which has been assumed for

petrol.

The results of the Norwegian analysis are brie y summarised in Table 3.7.

Table 3.7 Summary of COzemission forecasts in the Norwegian KLIMA report.
(Ref. KLIMA, TOI 1991a). Indexes for C02 emissions in scenarios R

  

and C for 2000 and 2025.

1985/87 2000 2000 2025 2025
R C R C

All inland transport 100 1 12 105 158 131

Passenger transport
- Cars 100 110 102 140 113
- Other modes 100 1 17 1 14 189 162

Goods transport 100 1 14 105 180 153

 

The Norwegian study shows that in a reference scenario in which petrol prices rise

only slowly in real terms while diesel prices rise by 1.5-2.0 % annually, the in

crease from 1985/87 in aggregate C02 emissions by the Norwegian transport

sector will be 12 % up to 2000 and 58 % up to 2025.

If a tax on C02 emissions is gradually introduced up to the year 2025 in such a

way that at that date it will be NK l/kg of C02 emission (which is three times the

present Swedish level), the total C02 emission of the Norwegian transport sector

will increase by 5 % by the year 2000 and by 31 % by the year 2025. However, the

important question regarding the extent of the adjustments which occur when the
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C02 charge is increased is the relative price rise due to the tax, which depends,

inter alia, on the total fuel tax at the start. Unfortunately, this issue has not been

elucidated in this study.

The Norwegian study takes into consideration the adjustments due to a renewal of

the car eet, adjustments of targets, travel frequency and transport mode. As far as

goods transport is concerned, adjustments occur due to redistribution between

modes (which can take place only to a very limited extent), and the effect of in-

creased freight charges on the volume of transport. There is no feedback from the

transport sector to other developments in society.

3.5 Brief comments on the forecasts regarding C02 emissions

The summary of C02 emission forecasts in this chapter indicates that the emis

sions of C02 will continue to increase even if the economy grows at a very slow

rate. If economic development is more vigorous and is about the same as the trend

in the growth of GNP in the past two decades (+1.9 % annually), C02 emissions

by the transport sector may continue to increase by almost 20 % up to the year

2005 in relation to the level in 1990 unless some action is taken.

The Norwegian study shows that even if the C02 charge is gradually increased to

NK 1/kg of C02 emission by the year 2025 (which is equal to a C02 charge of

about NK 2.50 per litre of petrol), C02 emissions will nevertheless rise by 5 % up

to the year 2005 and by over 30 % to the year 2025.

In Chapter 5 we will return to the question of how high these charges may need to

be in Sweden in order that the target levels laid down for C02 emissions should

be achieved.
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4 REFERENCE FORECASTS - TWO DEVELOPMENT

ALTERNATIVES

4.1 The object of the reference forecast

The analysis of the changes in the price of fuel which are necessary in order that

certain specified target levels regarding C02 emissions may be achieved must be

based on an illustration of what development would be like without these price

changes. The extent of the necessary changes is determined, inter alia, by the

strength of the mechanisms which propel development in a direction opposite to

that desired, or in the same direction.

The forecast or forecasts of the situation at different times in the future on which

the analysis of the effects of different changes in the price of fuel is based are

called reference alternatives or reference forecasts. The reference alternatives

describe different routes which development within the transport sector can take

on the basis of different assumptions regarding, primarily, economic development.

As mentioned before, we have decided to work with two reference alternatives

which are based on different assumptions regarding long term economic deve

lopment. The reason for this is to make it possible for reference to be made to

both a reference alternative which may be regarded as likely/conservative in

view of experiences gained from developments in Sweden in the past few

decades,

and a reference alternative which may be regarded as successful/optimistic

concerning economic developments over the next few deCades and which

would therefore to some extent break the trend. Opinions may differ

regarding the realism of such an alternative, but for the purposes of this

study it provides the additional advantage that it describes a path of deve-

lopment which, if realised, would impose stringent demands as regards
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measures to ensure that the C02 targets are achieved. In this way such an

alternative is instrumental in illustrating the range of the measures which

may be required.

The reference alternatives and the underlying assumptions are described in greater

detail in this chapter.

4.2 Arrangement and method

The model system for passenger and goods traf c which is used in this studyz) to

generate the reference forecasts for the Swedish transport system is comparatively

static in its character. This means that the (dynamic) nature over time of the

adjustment processes is not treated. The reference forecasts for the transport

system at future times can therefore be regarded as a set of alternative equilibrium

positions for the transport system; certain exogenously determined overall con-

ditions are given, as well as the models which have been specified and the para-

meters which have been estimated or assumed.

It is assumed that the adjustment processes in the transport system impose no re-

strictions in regard to achieving new equilibrium positions at some future time;

All passenger transport models are estimated on cross section data . For goods

transport, information of cross section character is made use of for an initial posi-

tion as the basis for projections to a future time.

The quality of the predictions which are made with the help of the model systems

concerning the effects of changes in the overall conditions, whether these changes

are assumed to occur instantaneously or to take place at some future time, is as

usual dependent on the validity of the model specifications and the stability over

 

2 The systems used are: SAMPLAN/IC2 for long distance passenger transport, IREG for short

distance passenger transport, and the ISMOD/VTI model for goods transport.
3 This method is almost fully in agreement with the method used by TOI in the work in collecting

data for the KLIMA report and Kloekt. See T01 1991a, 1992a, 1992b.
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time of the behavioural patterns which have been incorporated in the models

through the parameters which have been estimated.

For the passenger transport models, the general validity of the behavioural patterns

which have been captured in the data material RVU 84/85 is of critical im-
. . . . . 4)

portance, Since the models are in all essentlals based on this material .

As regards the validity of the predictions made by the goods transport model, the

stability of the transport pattern over time and the agreement of the (estimated)

transport pattern (as regards the relations between, and modes for, different groups

of goods) with the actual transport pattern for a base year (1990) is of great im-

portance.

Another significant source of uncertainty in the predictions of the goods transport

model lies 'in estimating the quantities of goods which must be transported, for

given volumes in monetary terms for the area concerned, in making deliveries

from the production sites for consumption purposes, as investment goods for the

economy etc.

The model systems may be assumed to yield reasonably good predictions concer-

ning the effects of changes in overall conditions for transport provided that certain

underlying structures remain reasonably stable, and that certain of the variables

which are not included in the model specifications (or variables for which the

parameter estimates are very uncertain) do not change to a significant extent.

The judgment we have made is that the model systems can capture income deve-

lopment, the structural changes in the economy and demographic developments

reasonably well, while the effects of the direct transport costs are not captured in a

satisfactory manner (and not at all in the goods model).

 

4 There is almost total agreement here with the Norwegian assumptions, since the T01 model

system had been estimated on data from the Norwegian travel pattern survey of 1984/86. The
estimates are based on more than 4000 interviews.
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In'the light of this, we find it reasonable to make use of the model systems to

generate the reference scenarios for which those elements of the transport costs

which are determined by C02 charges do not change very much, either in absolute

terms or in relative terms between transport modes. In these scenarios, growth in

incomes and structural developments will be critical for development.

For the scenarios comprising C02 charges which affect fuel prices and thus trans-

port costs, the only possible way is to use elasticity measures which can be

obtained from c.g. Swedish and international investigations 5) 6).

4.3 General economic development - assumptions in the reference

forecasts

The two reference alternatives for general economic development have been pro-

duced in collaboration with Nutek which has made use of e.g. ISMOD in produ

cing the alternatives.

The alternative based on the higher rate of growth (average growth of GNP bet

ween 1990 and 2020 of 2.25 % annually) is markedly different from Swedish

developments in the 705 and 808, inasmuch as it assumes a considerably higher

rate of growth, although by no means as high as in the 503 and 60s. Nevertheless,

this alternative has been considered by assessors in Nutek to be more realistic than

the alternative which assumes a lower rate of growth.

The alternative based on the lower rate of growth (average growth of GNP during

the period 1990-2020 of 1.5 % annually) agrees with the alternative which the

traffic administration authorities have used for their most recent joint forecast

 

5 In the Norwegian study, the national model system was also used for the analysis of the effects

of C02 charges (the C02 pricing method) for passenger transport. Even though the implicit
price elasticities in the Norwegian system agree considerably better with other studies than the
corresponding Swedish ones, the Norwegian approach nevertheless has certain methodological
problems since all types of adjustments are not included in the model. Adjustments of driving
habits and speeds are examples of adjustments which are not included. The price elasticities of
the model system will therefore be too low.

5 For recent reviews of estimated elasticities, see e.g. Goodwin 1992 and Franzen 1994
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(BV/VV/VTI 1993). The rate of growth is clearly lower than that achieved during

the past three decades.

The macroeconomic profile of the two alternatives is set out in Tables 4.1 and 4.2.

Table 4.1 Macreconomic profile for the two reference alternatives.
(Annual percentage growth during the period concerned).

  

Lower growth (L) Higher growth (H)

Variable 90- 90- 00 05- 90- 90- 00 05-

2020 2000 2005 2020 2020 2000 2005 2020

GNP 1.5 1.1 2.4 1.5 2.3 1.3 3.1 2.6

Private
consumption 1.5 0.7 1.8 1.9 2.7 1.4 3.3 3.4

 

Table 4.2 Indexes for the variables in each year in relation to 1990 (1990 = 100)

  

Lower growth (L) Higher growth (H)

Variable 1990 2000 2005 2020 1990 2000 2005 2020

GNP 100 111 125 156 100 114 133 195

girl/seifnption 100 108 118 156 100 115 135 222

Employment 100 95 94 100 97 103

World 100 127 161 100 196 385

Import V 100 139 222 100 180 375

Export 100 194 297 100 220 420

 

In both scenarios it is assumed that there will be a slight drop in public consump-

tion during the whole period 1990-2020; with the growth rates for GNP and with

no change in transfers, this implies either that public saving will increase (the

deficit will decrease) or that the burden of taxation will be reduced.

Compared with 1990, employment rises in the long term only in the higher growth

alternative. However, since employment (see National Institute of Economic

Research, Dec 1993) dropped by 11 % during the period 1990-1993, even the
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lower alternative implies that employment increases by 5-6 percentage points

compared with the situation in 1993, and in the higher grthh alternative

employment in 2015 is back to the 1990 level.

In order that the economic forecast should be consistent, it is necessary in the

lower growth alternative to assume that world trade will grow very slowly (less

than 2 % annually), which implies a change in trend.

In both alternatives, owing to the years before the start of the period when there

was negative growth, the period up to the year 2000 is characterised by very slow

growth in GNP and private consumption compared with previous periods.

4.4 The prices of fuel

4.4.1 Future energy prices and energy taxes in the reference forecasts -

background discussion

Since the oil crises of the 70s, it has been customary in Sweden to assume that

energy prices on the world market will rise in the long term. Energy prices are

almost entirely determined by the prices of fossil fuels which account for about

95 % of global energy supplies (1989, see Table 2.1 above).

The Nutek Energy Report 1991 discusses the development of international fuel

prices, and it is claimed that this is difficult to assess in both the short and the long

term. Nutek nevertheless makes an assessment in the report, according to which

the price development in the oil and coal markets will remain relatively balanced

and will vary about the long term trend of the market (NUTEK 1993, p. 29).

Nutek's assessment of the development in energy prices is governed by interna-

tional economic development. Two scenarios are examined, the "low" scenario

(downturn in the economy, weak economic growth, relatively low fuel prices) and

the "high" one (rapid growth in GNP, high level of industrial production, rela-
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tively high fuel prices). It is evident from the design of these scenarios that in the

opinion of Nutek international developments in fuel prices are driven from the

demand side. There is no mention of economic recession/depression due to oil

price shocks as in the 705.

As far as Sweden is concerned, the price development for fossil fuels is a function

of both the dollar energy price and the dollar exchange rate, and assessment of the

future trend in both these is therefore important when an analysis is made of the

prices of fuel in the Swedish transport sector. Nutek gives the following values

(Table 4.3).

Table 4.3 International developments in the price of fossil fuels and changes in
the SEK/USD exchange rate. Forecast by NUTEK 1993.

  

1992 1992- 2005 1992 2005

2005 high 2005 low

annual % annual %

Crude oil, USD/barrel 19 30 24

Annual rice change, +3.5 1.58 +1.8 1.26
% and 2 05/1992 ratio

Coal, USD/tonne 47 61 56

SEK/USD 5.8 7.0 7.0

Crude oil, SEK/barrel 110 210 168
Annual price change, +5.1 1.91 +3.3 1.53
% and 2005/1992 ratio

 

Source: Nutek Energy Report 1993

In the opinion of Nutek, Swedish crude oil prices will thus practically double

between 1992 and 2005 in the "high" alternative, and will rise by over 50 % in the

"low" alternative.

A change in the priceiof crude oil entails a price change for Swedish refineries and

the distributors of oil products. If this price change is transmitted to the consumers

of oil products in its entirety, the change in the price of crude oil will affect

consumer prices in proportion to the share of crude oil price in the price of the
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final product. For a change of p % in the price of petrol before tax, the price to the

consumer changes by k % as per the relationship

k = p * b/(b+s)

where b is the petrol price exclusive of taxes, and 5 denotes the sum of all taxes

except VAT.

Some of the energy and environmental taxes which are of the greatest importance

for traffic in Sweden are set out in the following table.

Table 4.4 Swedish energy and environmental taxes; some taxes related to public
transport, 1.1.1994. Sources: Nutek 1993, Hesselborn 1994

 

Energy- C02- Diesel Total SEK/ T

  

tax tax tax tax kwh U

Fuel Oil 1, SEK/m3 540 957 - 1497 13 T

Petrol, leaded, SEK/l 3.65 0.77 - 4.42 39 T

Petrol, unleaded, SEK/l 3.14 0.77 - 3.91 35 T

Diesel,

Env. Class 1, SEK/l 0.005 0.957 1.30 2.262 19 T

- Env. Class 2, SEK/l 0.302 0.957 1.30 2.559 21 T

Env. Class 3, SEK/l 0.562 0.957 1.30 2.819 23

Electricity, SEK/kWh 8.5 8.5 U

T 2 energy supplied U = energy utilised

In the price situation of today, the price of petrol exclusive of tax accounts for ca

40 % of the pump price exclusive of VAT (if VAT is included, over 70 % of the

pump price is tax). This means according to the above relationship that, under the

given assumptions, a 10 % change in petrol price before tax is re ected in a 4 %

change in the pump price.

The assumptions of Nutek regarding the changes in the price of crude oil (for un

changed energy and environmental taxes) are summarised in Table 4.5. The price
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changes have here been converted into petrol prices at the pump at different times,

under the assumption that the petrol price before tax varies in proportion to the

crude oil price in SEK, and the results of the calculations are set out in the table.

It will be seen in Table 4.5 that the petrol price level in real terms should theoreti-

cally have risen by 15 % between 1990 and 1993 to SEK 7.12 in terms of 1990

prices, which is equivalent to SEK 8.40 in terms of 1993 prices. Since the sum of

the "exogenous" effects (crude oil price in USD and the dollar exchange rate), as

given in the table, has had only an insignificant effect (-2 %) on the petrol price

(in 1990 prices) during the same period, the steep rise in petrol tax on 1.1.1993

and the smaller follow-up rise at the end of 1993 have been almost entirely res-

ponsible for the calculated rise in the price of petrol since 1990.
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Table 4.5 Future petrol prices in View of the changes in the prices of crude oil
and fuel taxes.
Crude oil rices and the USD exchan e rate accordin to Nutek
(1993) in 005 and accordmg to TOI%152/1992) 1n 2 20, and internal
calculations

 

1990 1992 1993 2005 2005 2020
low high

Crude oil price, USD/barrel 23 19 17 24 30

Relative to crude oil price
in USD in 1992 (= l 0) 1.21 1.00 0.89 1.26 1.58

SEK/USD 5.91 5.82 7.76 7.0 7.0

Change in SEK/USD 1.02 1.00 1.33 1.21 1.21
relative to 1992

Relative to crude oil price
in SEK (92 = 1.00) 1.23 1.00 1.18 1.52 1.91 1.66 2.08
KPI (according to SCB) 207.6 232.3 245

Petrol, unleaded
l-due to cost of petrol 0.38 0.38
price change since 1992
*due to crude oil (92 level) +0.55 +0.43 +1.26 +2.21
*taxation effect
(93 level incl. VAT) - +1.20 +1.20 +1.20 +1.20

*taxation effect SEK/l .
(92 level incl. VAT) +1.14 +1.14 +1.14 +1.14

*total price change (92 level) +0.55 +1.57 +2.40 +3.34
*petrol price'(92 level) 6.95 6.40 7.97 8.80 9.74
*petrol price (90 level) 6.21 5.72 7.12 7.86 8.70 8.18-9.09

Change (1990 = 100)
incl. tax rise on 1.1.1993

and at end of 1993 100 92 115 127 140 132-146

*Price excl. tax rise in 1993
(1990 level) 6.21 5 .72 6.10 6.84 7.68 7.16-8.07

Change (1990 = 100) 100 92 98 110 124 115-146

 

KPI = consumer price index SCB = Statistics Sweden

At the end of 1993 the price of petrol is actually about SEK 7.65/ litre, which is

almost 10 % less than the estimated price. This may be partly explained by lower

international crude oil prices, which at the end of 1993 were, in Swedish kronor,

16 % less than the average level for 1993 given in Table 4.5 (USD 14/barrel

instead of USD 17/barrel). This difference in crude oil price should theoretically

account for about 7 percentage points of the difference between the estimated and
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actual price. A reasonable explanation for the remaining difference is a marginal

change at various processing and distribution stages.

According to Table 4.5, Nutek's assessment of future crude oil prices and the

dollar exchange rate, together with the large tax rise in 1993 and the smaller one at

the beginning of 1994, thus implies that the consumer price of petrol in 2005 will

have increased by 27 % compared with 1990 in the "low" alternative, and by ca

40 % in the "high" alternative. If the effect of the tax rise in 1993/94 is removed,

the corresponding figures for 2005 are +10 % and +24 % respectively.

Not even in the longer term (up to the year 2020) are dramatic price rises expected

owing to international price development. There is however a large measure of

uncertainty, as emphasised in NUTEK 1993. Nor can price reduction impulses

from the international oil markets be excluded, for instance in a scenario in which

C02 pricing is introduced internationally (see T01 0077/ 1991).

4.4.2 Assumptions regarding petrol price development in the VTI reference

forecast

The following assumptions regarding the development of petrol prices were made

in the VTI reference forecast (the same assumptions in both main alternatives for

economic growth). For purposes of comparison, the corresponding majoration

factors for the Nutek alternative (NUTEK 1993) are included (Table 4.5).

Table 4.6 Development of petrol prices in the reference forecasts

  

Year Factor Factor Nutek Nutek
Base 1985 Base 1990 "low" "high"

1990 1.038 1.00 1.00 1.00

2000 1.050 1.01

2005 1.09 1.05 1.10 1.24

2020 (based on T01) 1.236 1.19 1.15 A 1.46
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While Nutek employs different oil price development assumptions in the two

growth alternatives, we have decided to use the same price assumptions in our two

reference alternatives. It will be seen from Table 4.6 that the price assumed by

VTI for 2005 is below the lower Nutek alternative, and for 2020 it is between the

two alternatives calculated on the basis of T01 (1992).

To sum up, the assumptions we have made regarding the development of fuel

prices are somewhat lower than those by Nutek, but are nevertheless reasonably

consistent with those based on Nutek for the year 2005 and on T01 for 2020, as

set out in Table 4.6.

The assumed price development in the VTI reference alternatives includes no

further tax changes in addition to those resolved on up to 1.3.1990 (when VAT

began to be applied to petrol). After this date, the price changes in the reference

alternatives are therefore wholly a function of the assumptions made concerning

the international oil price development.

4.5 Some other assumptions for the reference forecasts - passenger

traffic

4.5.1 Cost development for variable car costs exclusive of fuel prices, and

 

price development for public transport

In the model for long distance journeys there is a common parameter defined for

the price development in variable car costs other than fuel, and with regard to

overnight stays. In both scenarios, this price level is assumed to rise by 15 %

between 1990 and 2005 and by 32 % between 1990 and 2020.

The price development for public transport for long distance journeys, assumed in

the reference forecasts, is as follows:
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Table 4.7 Price development for public transport assumed in the reference alter-
natives.

  

1990 2005 2020

Train 1.00 1.23 1.30

Air travel 1.00 1.21

Bus 1.00 1.25

 

4.5.2 Car occupancy

The average car occupancy is added exogenously to the prediction models used

for long and short journeys. The values used for the reference forecasts are set out

in Table 4.8. These values agree with those used for Traffic Forecast 2005 and

2020 (BV, VV, VTI 1993).

Table 4.8 Values of parameters for average car occupancy used in the reference

alternatives for different types ofjourneys.

  

1989 1990 2005 2020

Long journeys

- rivate 1.8 1.8 1.8 1.65
- usiness 1.1 1.1 1.1 1.07

Short journeys 1.6 1.6 1 5 1.5

 

The average car occupancy according to the table, weighted with the distribution

of traffic mileage which is used as the starting point in the forecasting systems for

short and long passenger journeys, yields the approximate value 1.6. This figure

may be compared with the average occupancy according to the VTI estimate of

total traffic mileage (VTI transport statistics 1 and 2/1993), which is approx 1.5. It

is likely thatthe occupancy in 1990 is lower than 1.6, but in the absence of an up

to date countrywide travel pattern survey the correct figure cannot be given with

greater certainty.

By changing the degree of occupancy, road users can in practice. adjust to higher

fuel prices, for instance by increased car sharing and by multimode travel. Since
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the model systems do not contain any such adjustment mechanism and the degree

of occupancy is given exogenously, they also cannot capture the effects of higher

fuel prices on the degree of occupancy, which is a significant restriction for the

purposes of this study. There are also other similar restrictions in the use of these

model systems as we shall see in the following. However, for the purpose of

drawing up a reference forecast, this restriction is not a very serious one since the

autonomous price rises are assumed to be moderate.

4.5.3 Average petrol consumption by km by the active car eet in the refe-

rence forecasts

It has been shown in different contexts that the change in the specific fuel con-

sumption of the vehicle eet is a function of changes in the price of fuel.It has

been possible to determine (long term) elasticities for specific fuel consumption

with respect to petrol price. This elasticity is approximately between -O.1 and -O.2

(see Jansson 1992, Hesselborn 1992).

Swedish developments since 1970 indicate that during the 70s when petrol prices

in real terms were relatively stable the specific petrol consumptibn exhibited a

slight upward trend. The price rises by approx 50 % in real terms during the first

years of the 80s are re ected in a decrease in specific consumption between 1984

and 1991, in total between 5 % and 10 %. For Swedish conditions also, this indi-

cates a price elasticity for specific petrol consumption of between -0.1 and O.27).

The annual percentage change in specific petrol consumption during this adjust-

ment period (1984-1990) is between 0.8 and 1.2 %. This should mean that the

price induced adjustment process is largely over if the above elacticity applies,

and the drop in specific consumption can be replaced by an upward trend if prices

remain unchanged. Some data also indicate that the drop in specific petrol

consumption appears to have been arrested for the present.

 

7 A discussion concerning the time series data on which these estimates are based is to be found

in Swahn, 1992b (VTI PM), Schipper 1993 and Franzén 1994.
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The specific petrol consumption is included in the passenger travel models only as

a cost determinant. The following development is assumed as a condition for both

reference scenarios.

Table 4.9 Assumptions in the reference alternatives concerning changes in the
petrol consumption per km in the active car eet.

  

Year Litres/km Average percentage
change in litres/km
during the period

1990 0.101
-0.8

2005 0.09
0.5

2020 0.083

 

According to the Nutek energy forecast (see Section 3.3), the aVerage specific

petrol consumption of the car eet decreases by ca 0.5 % annually during the

period 1992 2005, by ca 7 % Overall, while at the same time petrol prices in the

high alternative are assumed to increase by 25 %. In the low alternative speci c

petrol consumption decreases by 4.5 % overall as petrol prices rise by 18 %

between 1992 and 2005. These assumptions correspond to a price elasticity of ca -

0.25 for specific petrol consumption which is slightly higher than the above price

elasticity range (0.1-0.2).

It must howeverbe considered questionable to use the 1992 price level as the

basis in a long term analysis; it should rather be the average price level during a

number of years which is taken as the basis. If this is done, the price rises which in

the Nutek forecast have a long term in uence on average fuel consumption will be

appreciably lower, and the assumed decrease of 7 % over the period 1992-2005

then appears too high.

The change of -18 % which we have assumed in this study for the specific petrol

consumption during the period 1990-2020 (according to Table 4.9) is associated

with an assumed 19 % rise in the price of petrol in real terms during the same

period, as in Table 4.6. This assumption concerning a relatively large drop in

specific petrol consumption, and also the similar Nutek assumption in Energy
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Report 1993 which was discussed above,is not consistent with known elasticities

for the specific consumption with respect to the price of petrol.

Since however the parameter for specific fuel consumption only affects the cost of

fuel for cars, the net effect in the model system is that the fuel cost is assumed

practically constant over the whole period, which in itself is not a completely

unreasonable starting point even though the forecasts according to Section 4.5 in-

dicate certain price rises. Since changes in fuel prices have very little impact on

travel volumes (owing to the low petrol price elasticity in the model system), for

the same reason minor errors in the forecasts of the cost variable also have an

insignificant effect on the forecast regarding the extent of travel.

4.6 Product prices per product area

The results of forecasts in the goods transport models are sensitive to the changes

which occur in product prices per product area and sector.

These prices are in uenced by changes in relative prices between part products in

the product area and also by the changes in product mix within the area concerned.

In each product area, the internal product mix is different for domestic use, pro-

duction, import and export, which means that different product area prices also

apply for each sector.

Both reference forecasts are based on the same set of area/sector prices, even

though it could be argued that the set of prices should really be different in a low

growth and a high growth alternative.

See also Nynabb, VTI, 1993.
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4.7 Development of infrastructure, transport supply and transport

markets

For infrastructure and transport supply, the same assumptions apply as for thedata

used by the traffic administration authorities for Infrastructure Plan 1993. These

imply that the infrastructure is expanded in accordance with the direction and

scope laid down by the Riksdag in 1993. It is further assumed that the Oresund

bridge will be built, and the "metrOpolitan agreements" will be implemented. It

must be pointed out that traffic volumes in the models are not appreciably affected

by the scope of infrastructure investments.

4.8 Reference forecasts. Traffic and transport mileage

4.8.1 Passenger traffic

The reference forecasts for passenger traffic have been drawn up with the

assistance of the "national model system" SAMPLAN/IC2 fer long distance

journeys, and a combination of methods for short journeys comprising the system

IREG and forecasts based on income elasticities for short car journeysg).

For foreign travel by air which is not covered by the model systems, the forecasts

by the Swedish Civil Aviation Administration for the period 1990-2005 have been

used. For the period 2005-2020, the models of the Administration with modified

income elasticities have been used for forecasts of charter traffic, and the income

elasticities from the Norwegian model systems (T01 1992a) have beenused for

foreign scheduled air travel.

No forecasting systems have been found available for passenger traffic by ship,

and no forecast has therefore been made for this part of traffic.

 

8 The income elasticity in the reference forecasts for short distance traffic mileage in terms of

vehicle km is +0.66. See Sterner et a1, 1994.
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Passenger traffic by rail is included in the calculations in the forecasts (e.g. by

taking into consideration an improvement in the supply of rail traffic during the

forecasting period). Owing to its special character from the standpoint of C02

emissions (electric operation), however, rail traffic is not included in the following

tables and diagrams.

The reference forecasts consider two scenarios for general economic development.

Each of these scenarios at macro level is also associated with a corresponding and

consistent business development. The forecasts for traffic and transport mileage,

under the assumptions made in the reference scenarios, are set out in Table 4.10.
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Table 4.10 Overview of the reference forecasts for passenger transport.

 

Moderate growth
scenario

1990 2000 2005 2020

High growth

scenario

2000 2005 2020

 

A1 . Traf c in absolute terms:

  

Car travel:

short journeys (<100 km) 42.7 44.9 47.6 58.5 46.8 52.4 77.1

-long journeys (> 100 km) 16.7 21.2 21.6 30.3 21.6 22.5 35.5

Totals, car travel 59.4 66.1 69.2 88.8 68.4 74.9 112.6

(1000m vehicle km)

Bus travel: 0.75 0.84 0.88 0.90 0.86 0.93 1.10

(1000m vehicle km

Air travel:

-Domestic scheduled traffic 3.4 5.1 5 .1 6.3 5.1 5.2 6.7

Foreign scheduled traffic 5.7 7.5 10.3 13.1 8.2 12.4 18.8

-Foreign charter(1500 km) 4.1 3.8 4.4 7.1 4.3 5.7 15.3

Totals, air travel 13.2 16.4 19.8 26.5 17.6 23.3 40.9

(1000m passenger km)

Rail travel: 6.2 7.9 9.4 11.5 8.1 9.8 13.2

Sea travel no forecast

A2. Traf c in relative terms
(1990 = 100)

Car travel (vehicle km) 100 1 1 1 1 17 150 1 15 126 190

Bus travel (vehicle km) 100 1 13 1 17 121 1 15 124 147

Air travel (passenger km)
-Domestic scheduled traffic 100 15 1 15 1 185 15 1 154 197

-Foreign scheduled traffic 100 132 181 230 144 217 330
-Foreign charter traffic 100 93 107 176 105 141 378

Totals, air travel 100 125 151 202 134 177 310

Rail travel 100 127 152 185 131 158 213

Sea travel (no forecast)
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It will be seen from the table that the greatest rise in traffic is expected in air and

rail travel, with a particularly steep rise in foreign air travel.

It may be mentioned that the forecast traffic mileage by foreign charter ights in

the year 2020 is equivalent to about 2.4 million charter journeys in the low growth

scenario and to about 5.1 million charter journeys in the high growth scenario.

These represent about 0.25 and 0.53 journeys/head of population respectively,

while at the same time the predicted rise in incomes between 1990 and 2020 is

56% and 120% respectively. The number of journeys in 1990 was about 1.4

million or 0.16 journeys/head of population. Even though the travel volumes

appear large, it is perhaps probable that a richer, somewhat older and healthier

population will, as in previous generations, be highly inclined to expand this type

of travel consumption.

According to the forecasts, bus travel will continue to increase relatively slowly

this is clearly the slowest rate of growth among all the modes. On the other hand,

rail traffic will grow as fast as air travel.

Car traffic which is after all of the greatest significance from the standpoint of

C02 emissions by the transport sector will according to the forecasts continue to

undergo rapid expansion when incomes again begin to increase. Up to the year

2000, however, growth is manifestly weak owing to the slow paceof income

growth. Diagram 4.1 shows what the development of short and long car journeys

is like according to the two scenarios. Long car journeys account for a gradual

slight increase in car travel.
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Diagram 4.1 Traffic mileage in the two scenarios

Forecast for car traffic, 1990 2020
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4.8.2 Goods traffic

The reference forecasts for goods traffic are based on the Ismod/VTI model. The

VTI model is described brie y in VTI 1992a and in the joint forecast report

BV/VV/VTI 1993. The VTI model is a version, developed by VTI, of the goods

transport model used by the Swedish Board of Transport. Some of the restrictions

of this model which are significant for this study have been discussed above, for

instance the fact that cost variables are not included in the model specification.

The reference forecasts are described in the following tables and diagrams. The

description concentrates on lorry traffic and sea traffic. Just as in the case of pas-

senger traffic, rail traffic is also included in the analysis performed as part of the

forecast, but owing to the special C02 emission conditions of railways it has not

been included in the following tables and diagrams.
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The forecasts are sensitive to the assessments made regarding the development of

average product prices in the various product areas which are dealt with in the

model, and this is a significant source of uncertainty as discussed above

(Subsection 4.6.1).

Table 4.11 gives an overview of developments in goods traf c by different modes

of transport and in different transport markets.
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Table 4.11 Overview of the reference forecasts for goods transport

 

Moderate growth High growth
scenario scenario

1990 2000 2005 2020 2000 2005 2020

B]. Traf c in absolute terms:

Road traf c: (1000m veh.km)

Heavy lorries 3.45 3.74 4.35 5.96 3.90 4.77 6.65
-of which foreign ones: 0.30 0.33 0.38 0.54 0.34 0.42 0.59
Light lorries (only trade) 2.09 2.27 2.61 3.41 2.37 2.85 3.96

Sea traf c:

-Domestic traffic 8.3 8.1 9.5 11.2 8.5 10.6 13.8
(1000m tonne km)

-Foreign traffic 19.3 20.3 24.2 35.2 21.2 26.9 43.6
(1000m tonne km according

to SCB de nition.

Not by ferry)

-Foreign traffic 100 99 117 140 105 131 175
(index veh. tonnes)

Rail traffic (1000m t.km): 19.1 20.8 24.6 32.7 21.1 25.4 32.2

Air traf c: (Mostly included in passenger traffic by air)

 

BZ. Traf c in relative terms
(1990 = 100)

Road traf c: (1000m veh.km):

~Heavy lorries 100 109 126 173 1 13 138 193
-of which foreign ones: 100 108 127 179 l 13 140 196

Light lorries 100 109 125 163 113 137 189

Sea traf c:

-Domestic traffic 100 98 115 135 102 127 167
(1000m tonne km)

-Foreign traffic 100 105 126 183 1 10 140 226
(1000m tonne km accor-

ding to SCB definition.

Not by ferry)

-Foreign traffic 100 99 117 140 105 131 175
(index veh. tonnes)

Rail traf c (1000m t.km): 100 109 129 171 111 133 169

Air traf c: (Mostly included in passenger traffic by air)
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Owing to the weak economic development in both reference scenarios, the growth

in goods transport up to the year 2000 is expected to be relatively slow.

Lorry traffic is expected to continue to grow, with stronger development in long

than in short journeys. Goods transport by rail grows at approximately the same

rate as the heavy lorry traffic in the scenario with moderate growth. In the high

growth scenario, however, heavy lorry traffic is estimated to grow considerably

more in the long term than rail transport.

Development of goods traffic by road in the low growth andhigh growth scenario

is shown in diagrams 4.2 and 4.3. Development of that proportion of lorry traf c

which is accounted for by foreign lorries may very well be underestimated in View

of ongoing European integration and the deregulation of the transport markets

which this is expected to give rise to.

Diagram 4.2 Reference forecast for goods traffic by road-lower growth

Forecast for goods traffic by road, 1990-2020

Scenario L lower growth, 1.5% annually between 1990 and 2020
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Diagram 4.3 Reference forecast for goods traffic by road-higher growth

Forecast for goods traffic by road, 1990 2020
Scenario H -higher growth 2.3% annually between 1990 2020
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4.9 Forecast for C02 emissions by the transport sector in 1990, 2000,

2005 and 2020 according to the reference scenarios

The above description of traffic development for the two scenarios shows that

traffic continues to increase. According to the forecasts, passenger traffic by road

which is a dominant source of C02 emissions grows somewhat more slowly than

private consumption, while goods traffic by road which is another important

source of C02 emissions grows at about the same rate as GNP in each scenario. It

is clear that foreign air travel increases much more strongly than private con-

sumption.

In the light of this, it is to be expected that C02 emissions will also grow. Sponta-

neous technical improvements may possibly moderate the increase in C02 emis-

sions.

Diagram 4.4 shows the forecast development of C02 emissions by the transport

sector which has been drawn up for the reference alternatives. For purposes of

comparison, both the forecast according to the joint environmental report 1992 by
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the traffic administration authorities and the emission forecast drawn up by us on

the basis of the Nutek energy report 1993 have been plotted in the diagram .

In interpreting this diagram, the assumptions made should be borne in mind, for

instance that fuel taxes will remain unchanged after 1.1.1993 and that no other

special measures will be taken to in uence future levels of C02 emissions.

Diagram 4.4 Total C02 emissions by the transport sector in the two reference
scenarios

Total C02 emissions by the transport sector
Only changes commensurate with the trend

50
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40

       

 

 

 

1990 1995 2000 2005 2010 2015 2020

Years

. Scen. moderate growth

 

5 Scen. high growth

Nutek low Nutek high ,. ., __ . Env.Report 1992

(Note that the Nutek figures also include consumption which is not always attributed to

the transport sector, such as pleasure boats, lawn mowers etc, which increase the level of

the Nutek figures)

Counted per mode, C02 emissions are broken down as in Diagram 4.5 and Tables

4.12 and 4.13. Road traffic has a dominant position with regard to C02 emissions,

and within this car traffic predominates.

 

9 Estimation of emissions is based on that estimate of the level of traffic mileage by cars which

has recently been published by the Road and Transport Research Institute VTI in VTI
Transport Statistics No 1/ 1993.

VTI RAPPORT 395A



56

Diagram 4.5 C02 emissions by the transport sector, broken down by mode for
the low/moderate growth scenario

Emissions of C02 by transport mode

Moderate growth scenario

20
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I Shipping

  

Aviation
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Table 4.12 C02 emissions of transport modes in the reference forecasts. Million
tonnes of C02

 

Moderate growth High growth

scenario Scenario

1990 2000 2005 2020 2000 2005 2020

Cars 13.0 13.7 14.2 17.7 14.2 15.3 22.4

Heavy lorries 3.4 3.7 4.3 6.0 3.9 4.8 6.7

Buses 0.9 1.0 1.1 1.1 1.0 1.1 1.3

Light lorries

Totals, road traffic 18.0 19.1 20.4 25.7 19.8 22.1 31.6

 

Air travel, foreign 1.1 1.1 1.3 1.7 1.2 1.6 3.1

Air travel, domestic 0.6 0.9 0.9 1.0 0.9 0.9 1.1

Totals, air travel 1.7 2.0 2.2 2.7 2.1 2.5 4.2

Shipping 2.8 3.0 3.5 4.9 3.1 3.8 6.0

Totals 22.4 24.0 26.1 33.3 24.9 28.5 41.8

 

Table 4.13 C02 emissions of transport modes in the reference forecasts. The

proportions of total emissions by the transport sector attributable to the

modes in each year. Percentages

 

Moderate growth High growth

scenario scenario

1990 2000 2005 2020 2000 2005 2020

 

Cars 5 8 57 54 53 57 54 54

Heavy lorries 15 16 17 18 16 17 16
Buses 4 4 4 3 4 4 3

Light lorries 3 3 3 3 3 3 3

Totals, road traffic 80 80 78 77 79 78 76

Air travel, foreign 5 4 5 5 5 6 7

Air travel, domestic 3 4 3 3 3 3 3

Totals, air travel 8 8 8 8 8 9 10

Shipping 12 12 13 15 12 14 14

Totals 100 100 100 100 100 100 100
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The principal characteristics of the structure remain unchanged over time in the

reference scenarios. The proportion of the C02 emissions by road traffic attribu-

table to car traffic decreases somewhat during the 30 year period, while that of

lorry traffic increases. Overall, however, the proportion due to road traffic de-

creases. The proportion due to air travel in the total increases slightly, especially

for high economic growth. The proportion due to shipping also grows in the

longer term, which may be partly explained by the fact that no "autonomous"

reduction in the specific emission is assumed to occur for shipping (see below

under emission factors).

Emission factors

The emission factors used for the reference calculations are set out in Table 4.14.

Table 4.14 Emission factors for CO2 in the reference forecasts

 

Lower growth High growth
scenario scenario

1990 2000 2005 2020 2000 2005 2020

Cars (g/veh.km) 219 207 205 199 207 205 199

Buses (g/veh.km) 1200 1200 1200 1200 1200 1200 1200

Heavy lorries(g/V.km) 1000 1000 1000 1000 1000 1000 1000

Light lorries(g/v.km) 300 300 300 300 300 300 300

Air travel:
Domestic (g/pass.km) 173 170 170 164 170 170 164
Foreign 165 149 145 132 149 145 132

Shipping (g/tonne km) 20 20 20 20 20 20 20

NOTE. Development of emission factors for cars is based on figures from VTI.
The figures for air travel are based on the Civil Aviation Administration Envi-
ronmental Report 1991. Other figures from the data supplied by the Environment
Protection Agency for the latest planning round for the infrastructure (SNV 1992-
04-15).

 

In. this type of analysis, the principles applied in determining the development of

emission factors is an important and intricate problem. The logically reasonable

point of departure should be that the development of emission factors which is
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assumed shall not presuppose any further political measures and/or changes in

taxation other than those which are used as the basis of the reference scenarios.

Nor shall the emission factors be assumed to be in uenced by other and perhaps

greater price changes for fuel than those which have beenused as assumptions for

the forecast or by other similar driving forces, which may exist as such but are not

included among the forecasting assumptions.

It will be seen from the table above that the emission factors for cars and air travel

are assumed in the reference scenarios to decrease over time. The development of

emission factors for cars is derived from VTI. They imply that specific fuel con-

sumption drops from ca 0.094 l/km in 1990 to ca 0.086 l/km in 2020, and that

there is no difference in this development between the economic scenarios. (See

T01 1991a and NUTEK 1993 for a proposition which entails assumptions con-

cerning the relationship between economic development and the development of

emission factors).

The development of emission factors for cars implies, on average, an annual rate

of change of -0.3% or a total drop of 8.5% for the whole thirty year period. Petrol

prices are assumed to rise "autonomously" during this period by 19%. If the pre-

viously mentioned price elasticity for average specific fuel consumption, Eh = -

0.17, is assumed to hold, a price induced drop in average fuel consumption (and

thus the emission factor) would be expected to amount to 3-4%, i.e. about one

third of the assumed change.

The remainder of the decrease should then be a trend component in the direction

of a reduction in petrol consumption. However, the direction of this trend compo-

nent does not appear evident since the gains in technical efficiency may be ab-

sorbed by other technical changes, e.g. vehicle weight, performance and comfort

(air conditioning etc)10 ).

 

10 "Thus we see that very little energy was saved in the travel sector in Sweden. To be sure,
vehicles became more efficient. But most of the improvements in automobile efficiency was
offset by increases in power and weight shows the six-fold increase in the share of cars in the
two largest weight classes." Schipper et a1, 1993, p 5-4.
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Despite these reservations concerning the assumed development of emission

factors for cars, we have nevertheless decided to use the VTI figures. The rela-

tively large "autonomous" change in the emission factor which this development

implies may necessitate some downward adjustment of the elasticity Eh in the

following calculations.
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5 FUEL PRICES REQUIRED IN ORDER TO ATTAIN

THE SPECIFIED TARGET LEVELS FOR C02

EMISSIONS

5.1 Introduction

We have seen in previous chapters that the C02 emissions in both reference

forecasts do not develop in a satisfactory way with respect to the tentative targets

set up for the transport sector. The "autonomous" development forces provide an

impetus towards increased traffic and greater C02 emissions.

The second main object of this study, which we have now arrived at, is to analyse

what changes in the price of fuel would be required to attain a number of specified

target levels for the C02 emissions of the Swedish transport sector as per the

development according to the two reference scenarios discussed in previous

chapters.

In technical terms, this issue has been dealt with as a matter of what general

charge imposed on C02 emissions (general for the transport sector as a whole)

would be required to attain the targets for C02 emissions which have been speci-

fied for a number of future years. This interpretation agrees with the principles for

C02 pricing which are recommended on the basis of allocation theory premises

(Hesselborn 1992, 1994, TOI 1991, etc). This envisaged general C02 charge is

converted in the analysis, Via technical conversion factors, into a price determinant

component for the fuels used by each transport mode.

It must however be emphasised that the actual changes in the market price of dif-

ferent fuels are critical for the adjustment processes which will take place. The

following analysis illustrates what adjustments are envisaged to occur in con-

sequence of changes, of different sizes and at different times, in the price of fuel.

In the analysis, these price changes are assumed to be achieved by the application

of general C02 charges, but, inprinciple, it makes no difference what means are

employed to achieve the price changes. The centralfactor is the change in market
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prices, and for the analysis of price induced change processes it is of no interest

whether these price changes are achieved through taxation, charges, or changes in

the world market price of crude oil.

As pointed out before, an analysis of the C02 emission problem limited to the

transport sector in actual fact represents far too narrow a framework. This issue is

discussed for Norwegian conditions in T01 1991. The discussion leads to a rea-

sonably well substantiated hypothesis that, from the macroeconomic standpoint, it

may be relatively expensive to limit C02 emissions within the transport sector

compared with the cost in other sectors of society. Nevertheless, an analysis of the

problem within the limited framework of the transport sector may be a necessary

starting point before the analysis framework is expanded.

For reasons which have beenmentioned before, use of the national model systems

which have been employed in producing the reference forecasts is not a methodo-

logically feasible way of performing the analysis of the effects which changes in

the cost of transport services due to increased charges for C02 emissions would

have. These systems cannot at present treat cost changes satisfactorily. The effects

of a change in the price of fossil fuels will instead be analysed using elasticities

for different transport modes.

Elasticity analysis is based on a breakdown of the effects of a price change into

two components, a quantity component Q and a fuel efficiency component h. Both

these components may be eXpected to be adjusted in response to changed prices,

with somewhat different time delays and with different elasticities. This is a rela-

tively well established approach as regards the analysis of the long term effects of

price changes on e.g. the total petrol consumption of the transport sector (see e.g.

Jansson 1992, Goodwin 1992, Hesselborn 1994). This analytical method is used

here generally for all the analysed subareas of the transport sector.

It may be appropriate to develop quite brie y how these two components interact

in determining elasticities (see Jansson 1992).
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The total fuel consumption B for the production of a certain transport service is

the product of the service volume Q and the fuel consumption per unit of Q which

is denoted h:

B=Q*h

Both Q and h are assumed to be functions of the fuel price p:

Q= m

h=Mm

The price elasticity EBp of fuel consumption is defined

EBp = dB/dp * p/B

but

dB/dp = dQ/dp * h(p) + dh/dp * Q

which gives

EBP = [dQ/dp * MD + dh/dp * Q] * P/(Q*h)

from which we directly get the relationship

EBp = EQp + Ehp

that is to say, the elasticity for the total fuel consumption (to which C02 emissions

are directly proportional) for the transport service with respect to fuel price is the

sum of the fuel price elasticities of the transport volume and the specific fuel con-

sumption.
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Naturally, this proposition also incorporates a number of difficulties. One of the

most serious of these is that the available Swedish data for many elasticities are

incomplete. This is particularly true regarding the long term adjustment of the

specific fuel consumption for different transport modes/transport markets which

occurs as a result of a change in the price of fuel. However, for some of the

elasticities for cars which are of the greatest importance from the standpoint of

C02 emissions there are reasonably unanimous data available from several inter-

national investigations.

The assumptions which hold for the analysis, especially with regard to elasticity

calculations, are set out in the following. A summary of the results of the analysis

will then be given - what fuel prices are required in order that the targets for C02

emissions may be achieved under different conditions. In conclusion, there will be

a brief discussion of the interpretation of the results.

5.2 Assumptions made in the calculations - elasticities and cost pro-

portions

In the elasticity analysis it must be borne in mind that a C02 charge constitutes

only a fraction of the fuel price, and also that the total fuel cost for many transport

services makes up only a fraction of the total cost of the transport service con-

cerned (with the possible exception of cars where the cost of fuel accounts for a

higher proportion of the cost). Even if the elasticities for the volume of transport

services with respect to the total transport price are known, it is therefore neces-

sary to know the order of magnitude of the proportion of cost due to fuel in order

that it may be possible to estimate an elasticity with respect to the fuel price,

which is needed for an analysis of the effects of a C02 charge.

It is easy to derive this relationship formally. Let us assume that the volume Q of

the service demanded is a function of the total transport service price c, and that c

is a function of the fuel price p
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Q = f(C)

C=g®)

The elasticity of Q with respect to p, EQp, is defined as

EQp = dQ/dp * p/Q

but

dQ/dp = dQ/dc * dc/dp

EQp can therefore be written

EQp = c/Q * dQ/dc * dc/dp * p/c

which yields the well known elasticity formula

EQp: EQc * Ecp

If c = g(p) is a simple linear relationship (with K as an arbitrary constant)

c=K+p

we have

Ecp = p/c * dc/dp

Ecp = p/c * l

which yields the sought relationship

EQp = EQc * p/c

VTI RAPPORT 395A



66

Empirical determination of EQc is often easier than that of EQp. If the cost pro-

portion p/c can be calculated, EQp can also be determined.

One important question is what time perspective shall be considered to apply in

order that the adjustment mechanisms whose strength is captured in the measure

of elasticity should exert their full effect. There are long term and short term

elasticities. All the elasticities which we use for the following calculations are

long term ones, which means that they have been estimated and calculated in such

a way that, in principle, there should have been time for all long term adjustments

to have taken place.

The use of long term elasticities implies that the underlying adjustment processes

must also be considered to take a long time. In a recently presented analysis

(Dargay, Goodwin 1993) it is shown, for instance, that while the complete long

term dynamic adjustment of car use may take 4-6 years, adjustment of car

ownership requires a considerably longer time, ca 8-12 years.

In an analysis of what C02 charges are needed in order that at a certain future

time, e. g. the year 2020, certain specified target levels should be actually achieved,

it must therefore be realised that it will be necessary for the C02 charges to have

been raised many years before the year 2020 in order that the measures should

have had their full effect by that year.

The price elasticities with respect to travel/transport services (Q) and emission

factors (h) and the relevant cost proportions, which have been used in the analysis,

are set out in Table 5.1. The elasticities for cars refer to the alternative where EQp

= - 0.3 initially, which is equivalent to a value of EQc of ca O.4.
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Table 5.1 Elasticities and cost proportions in the calculation. The tabulated figu-
res refer to long term elasticities

  

Transport Q EQc p/c EQp EQp Ehp Ehp Reference

mode unit min max long 2000
term

Cars Pass.km -0.4 0.7 0.28 0.38 -0.20 -0.10 Goodwin 92

Heavy lorries Veh.km 0.05 0.1 0.005 0.18 ~0.1 -0.05 TOI91a

Light lorries Veh.km -0.05 0.1 0.005 0.04 0.1 -0.05

Buses Veh.km -0.28 0.1 0.028 0.22 0.1 -0.05 TOI91a

Aviation markets

Foreign charter Travel -0.43 0.09 0.0039 0.36 -0.09 -0.04 Lfv 92 (ch)

Foreign scheduled Pass.km 0.35 0.15 0.053 0.32 -0.09 -0.04 Lfv 92 (EQc)

Domestic scheduled Pass.km -0.5 0.15 0.075 0.45 -0.09 -0.04 Lfv 92 (ch)

 

T01 = Norwegian Institute of Transport Economics
Lfv = Civil Aviation Administration

As will be seen in the table, the elasticity of transport output with respect to the

price of fuel (EQp) is the product of the elasticity with respect to the total cost of

the transportoutput, EQc, and the proportion p/c of the cost due to the fuel. When

fuel prices rise, the proportion of cost due to fuel also rises for the various trans-

port modes, and the elasticity EQp also increases. In the calculations the value of

EQp therefore varies between a minimum value and a maximum value (for very

large rises in fuel price). Obviously, however, EQp < EQc. The value of Ehp also

increases for large price rises; in the model, this occurs according to a logistical

function 11 ).

 

11 In the model, Ehp for cars is determined by the expression

Ehp = ~O.6/(1+4.5*e'0-8*Z)

where the parameter 2 is the relative change in fuel price. The expression implies that Ehp
approaches 06 asymptotically as the relative price change 2 increases.

A similar expression holds for other transport modes. The implication is that the absolute value of
the elasticity Ehp increases for major relative price changes, i.e. the more powerful the price rise
impulse, the greater will be its effect on specific fuel consumption. The reason is that the greater
the relative price change (and if the time perspective is sufficiently long), the more comprehensive
and powerful will be the adjustments which can be considered and implemented. The empirically
estimated values of Ehp (in most cases estimated indirectly as the difference between EBp and
EQp) have beendetermined during the development in the price of fuel over the past few decades
which has been relatively steady with a few isolated exceptions, and because of this it is reasonable
to assume that the effect of large price changes is underestimated.
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Since the values of fuel price elasticities depend on the cost proportion p/c, the

values of elasticities in the model calculations will vary both in proportion to the

ratio p/c which is affected by changes in fuel price, and with respect to the logisti-

cal relationship for Ehp. The values of elasticity for car traffic which the elasticity

model yields for different relative changes in the level of fuel price are set out in

Table 5.2.

Table 5.2 Elasticities calculated by the model for different relative price change

  

levels

Relative EQc p/c EQp Ehp EBp

Price (2) (3) (4) (5) (6)
change (4+5)
PX/PO

(1)
1.0 ~0.4 0.70 -0.28 0.20 -0.48

1.1 -0.4 0.72 -0.29 -0.21 -0.50

1.2 -0.4 0.74 -0.29 -0.22 -0.51

1.5 -0.4 0.78 -0.31 -0.26 0.57

2.0 -0.4 0.82 -0.33 0.31 -0.64

2.5 -0.4 0.85 -0.34 -0.37 -0.71

3.0 -0.4 0.88 -0.35 -0.43 -0.78

4.0 0.4 0.90 -0.36 -0.51 -0.87

 

It will be seen from the values of EQp and Ehp in the table that adjustment via

specific fuel consumption is less important when price changes are small but plays

an increasing role when price rises are large, and this effect dominates for very

large price rises. As seen in Column (6), the total long term fuel price elasticity is

in the interval ca -0.5 to -0.9 which is consistent with available empirical material.

5.3 The results of calculations

Calculations have been made for the two reference scenarios, and for each of these

for three different targets for the reduction of C02 emissions in relation to the

1990 level. These are set out in Table 5.3.
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Table 5.3 Target scenarios

Target year

2000 2005 2020
% % %¢,

No change in emissions: 0 0 0

Reduced emission level:

Target scenario, lower ambition level 0 -10 -10

Target scenario, higher ambition level -10 25 -25

Note. Calculations have also been made for even more ambitious targets for the
reduction in C02 emissmns in 2020, namely -40% and 65%. Such large reduc
tions are however outside the theoret1call¥ reasonable ran e of application of the
elasticity model used in the calculations. he results are t erefore not shown.

The results of calculations for the different target and growth scenarios are set out

in Tables 5.4 and 5.5. The difference between these tables is in the elasticities

used for car traffic. The lower elasticity which is the basis for Table 5.4 (EQc=-

0.4, EQp=-0.3) and the higher elasticity which is the basis for Table 5.5 (EQc=-

0.7, EQp=-0.5) together form the bounds of a reasonable interval for empirically

substantiated long term elasticities for car traffic with respect to the price of petrol

(Goodwin 1992).

Tables 5.4 and 5.5 set out the values, yielded by the elasticity-based analytical

model, of a general C02 charge for the transport sector (in terms of 1990 mone-

tary values exclusive of VAT) which must be added to the 1990 tax level, given

the assumed autonomous petrol price development, in order to establish a petrol

price level which will make it possible for the specified emission targets to be

achieved. The petrol price which such a C02 charge would result in is given in

terms of price levels in 1990 and 1994. It must be noted that the calculated petrol

price levels for the car sector presuppose that general C02 charges at a corres-

ponding level are at the same time applied for the whole transport sector. The

results in Table 5.4 which are based on the somewhat higher elasticity level

(absolute value) should be regarded as the most likely outcome.
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Table 5.4 Summary of the results of calculations with elasticity model No I

Petrol price elasticities: EQc = -0.4, EQp = -0.3

  

Fore Target Scenario: moderate/low Scenario: high economic
casting level. economic growth growth
year

% re- COz C02- Pet- Pet C02- C024 Petrol Pet-
duc- charge charge rol rol charge charge price rol
tion SEK/kg SEK/l price price SEK/kg SEK/l (1990 price
com- in the petrol (1990 (1994 in the petrol price (1994
pared whole excl price price whole excl level) price

with trans- VAT level) level) trans- VAT level)

1990 port port

sector sector

No change in
emission level
2000 -0 0.7 1.7 8.4 9.9 1.3 2.9 9.9 11.7

2005 -0 1.1 2.4 9.6 11.3 1.8 4.2 11.7 13.8

(2020 0 3 7 16 19 6 13 23 28)

Reduced emission level:
lower aspiration level:

2000 -0 0.7 1.7 8.4 9.9 1.3 2.9 9.9 11.7

2005 -10 1.8 4.2 11.8 13.9 2.6 6.0 14.0 16.6

(2020 -10 4 9 19 23 7 16 27 32)

Reduced emission level:
higher aspiration level

2000 -10 2.0 4.7 12.1 14.3 2.8 6.4 14.3 16.9

2005 -25 3.2 7.4 15.7 18.6 4.0 9.4 18.2 21.5

(2020 -25 6 14 24 29 10 22 35 41)

 

1) The petrol price is given in terms of 1990 prices incl VAT and all petrol taxes. Counted in this
way, the petrol price in 1990 is SEK 6.21/1.

2) The reduction in C02 emissions is ,given as a percentage of the emission level in 1990.

3) EQc denotes the long term elasticity for traffic mileage by car with respect to the variable run
ning cost. This elasticity is assumed constant regardless of the size of the relative price change.
On the other hand, EQp, the long term elasticity for total traffic mileage with respect to petrol
price, grows slightly when the relative price change increases, owing to the rise in p/c; see
Table 5.2. EQc=-0.4 means that EQp varies between -0.3 and 0.4 while EQc=-0.7 means that
EQp lies in the interval 0.5 to -0.65. The values of EQp are in this way consistent with
Goodwin 1992.
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Table 5.5 Summary of the results of calculations with elasticity model N0 II

Petrol price elasticities: EQc = -0.7, EQp = -0.5

 

Fore- Target Scenario: moderate/low Scenario: high economic

casting level. economic growth growth
year

% re- COz- COz Pet- Pet- COQ- CO2- Petrol Pet-
duc- charge charge rol rol charge charge price rol

tion SEK/kg SEK/l price price SEK/kg SEK/l (1990 price
com- in the petrol (1990 (1994 in the petrol price (1994

pared whole excl price price whole excl level) price
with trans- VAT level) level) trans- VAT level)

1990 port port

sector sector

 

No change in
emission level

2000 -0 0.5 1.1 7.7 9.1 0.8 1.9 8.7 10.2

2005 -0 0.8 1.9 8.8 10.4 1.4 3.2 10.6 12.5

(2020 0 2.5 6 15 17 4.5 10 20 24)

Reduced emission level:

lower aspiration level:

2000 -0 0.5 1.1 7.7 9.1 0.8 1.9 8.7 10.2

2005 10 1.4 3.3 10.6 12.5 2.1 4.8 12.5 1.5

(2020 -10 3 8 17 20 5.5 13 23 27)

Reduced emission level:

higher aspiration level
2000 -10 1.3 3.0 10.0 11.8 1.7 4.0 11.3 13.3

2005 25 2.5 5.9 13.9 16.4 3.3 7.6 16.0 18.9

(2020 -25 5 11 21 25 8 18 29 35)

 

The price rise needed in relation to the actual petrol price today in order to estab-

lish a certain price level according to Tables 5.4 and 5.5 is the difference between

the price today and the target price expressed in terms of the present (1994) price

level. Today's price (May 1994) is about SEK 7.35/litre. This is, by pure chance,

almost exactly the same as the 1990 price converted into the monetary value of

1994 (6.21/1 * 1.18 = SEK 7.33/1).
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The considerable tax rise on 1 January 1993 and the smaller one at the end of

1993 has thus been compensated for by other factors which have forced the

Swedish market price downwards, and the result is that the price of petrol is prac-

tically unchanged in real terms. On the other hand, if all factors except the petrol

tax had developed as expected since 1990, the tax rises which have already been

implemented since 1990 would have had to be deducted from the prices and

charges set out in the tables if the further rises needed according to the model cal-

culations to achieve the target C02 emissions were to be determined. The tax rises

implemented since 1990 amount to a total of SEK 1.02/1 in terms of 1990 mone-

tary values, which in turn corresponds to SEK 0.35/kg C02 excl VAT in terms of

1990 monetary values. Price determinants other than taxes have however changed

in such a way that the taxation changes since 1990 have been precisely sufficient

to compensate for the price reducing effect of these changes. The calculated ne

cessary C02 charges (converted into price levels in 1994) therefore also represent

the increases in C02 charges which would be needed today to establish the desired

price levels.

It will be seen from the tables that the market price of petrol which according to

the model stabilises C02 emissions by the year 2000 should be at the level of SEK

8.4/1 in terms of 1990 prices, which is equivalent to SEK 9.90/1 in terms of 1994

prices. The present price of ca SEK 7.35/1 would therefore have to be raised by

SEK 2.55/1 for the lower growth and the lower elasticity level according to Table

5.4. Still using the lower elasticity in the scenario with the lower growth and target

scenario 1 (lower aspiration level, -10%), the price of petrol would by the year

2005 have to be increased by 90% in real terms to almost SEK 14/1 in terms of

prices today in order that the specified target of 10% reduction in C02 emissions

should be achieved.

5.4 Comments on the interpretation of the calculation results

Generally speaking, elasticity calculations for price changes which are more than

marginal ought to be interpreted with great care.
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We have previously emphasised that the elasticity approach implies that the tech-

nical details of the adjustment processes are not examined in greater depth. The

experience which the elasticity measures capture shows that there are great and

varied opportunities for adjustment.

The elasticity. approach selected for the calculations implies for passenger traffic

by car that adjustments owing to a rise in petrol price relate to both car ownership

and the distance driven by car, and the specific fuel consumption by the car eet

as a whole. Naturally, a lot of the underlying adjustments will take a form which

in other contexts is called "measures" against C02 emissions, such as increased

car sharing, better route planning, more economical driving behaviour, a change to

smaller cars, more efficient engines, etc. It has not been the aim of this study to

examine the mix of these and other conceivable adjustments.

Those adjustments of emission factors which are assumed to take place can be

given several interpretations, for instance as a technically more efficient use of

fossil fuels, as a change to vehicles which require less energy, as the partial use of

non-fossil fuels in some vehicles or in some parts of the vehicle eet (see JOnsson,

1993). In this respect also, it is outside the scope of this study to discuss how the

assumed adjustments are to be brought about.

Where very large reductions in C02 emissions are required, which is the case up

to the year 2020 according to the target scenarios, the calculation model based on

elasticities results in very high C02 charges and thus fuel prices prices which can

be almost regarded as prohibitive. The empirical material on which the elasticity

estimates are based comprises nowhere near such steep price variations as those

which the elasticity model indicates should take place by the year 2020. The

calculations which have nevertheless been made must therefore be subject to such

strong reservations that it may be questioned whether it is meaningful to set out

the results; this has however been done in Tables 5.4 and 5.5 above.

It is highly likely that alternative non-fossil fuels may enter the fuel market when

the price levels for fossil fuels become very high, and that at the same time

engines, driving patterns, vehicle sizes etc will also be adjusted. If such non-fossil
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fuels have a reasonably elastic supply, drivers may very quickly change to these if

the price of fossil fuels persists at a high level.

It is however by nomeans self evident what method of adjustment the market will

adopt substitution of new fuels or a dramatically more efficient use of fossil fuels

- for the transport which must be carried out.
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6 CONCLUSIONS

This study has two principal objects, to forecast the C02 emissions by the

Swedish transport sector over a medium and long term perspective, and to analyse

what changes in the price of fuel would be needed to achieve an unchanged,

reduced or considerably reduced emission level by the transport sector in relation

to that in 1990.

The first principal object, to forecast C02 emissions, is looked at from several

angles in the report. A discussion is held concerning available methods and some

of the shortcomings and uncertainties which are associated with theSe. As one way

of dealing with a genuine uncertainty concerning the international and Swedish

economic development which strongly in uences the forecast for C02 emissions,

two reference scenarios which provide the conditions for two alternative deve

lopment routes for the Swedish transport sector are defined for the general

economic development.

The reference scenarios which are denoted "lower" and "higher" do not differ by

much up to the year 2000, but the differences after this are considerable. The

average growth in GNP is 1.5% annually between 1990 and 2020 in the lower

alternative and 2.25% in the higher alternative, which means that in the year 2020

GNP in the higher alternative is 25% above the level in the lower alternative, and,

subject to the assumptions made, private consumption is 40% higher.

Most of the forecasts made for transport development attempt to create an image

of one (or more) likely future situations in the light of assumptiOns regarding

future economic development, technical development, etc. The Norwegian inves-

tigation (KLIMA report) referred to in the report analyses two main routes for the

development of the Norwegian transport sector - with and without C02 charges -

and states that a C02 charge at a predefined level would be instrumental in redu-

cing C02 emissions.
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A large number of Swedish and international forecasts, some of which are descri-

bed and discussed in this report, present a unanimous picture; without special new

measures C02 emissions will continue to rise. The Norwegian study shows that

C02 emissions will grow even when the C02 charge is increased very steeply.

The forecast we have made also shows that without new measures C02 emissions

will increase, and that this will occur even in the short perspective up to the year

2000 and even when economic growth is low; this is shown in Table 6.1 which

sets out the percentage change in C02 emission by the transport sector in relation

to 1990 which we predict on the basis of the two reference scenarios.

Table 6.1 Forecast of the change in C02 emissions in the two reference scena-
rios (percentage change in relation to 1990)

  

2000 2005 2020

Lower growth +8 +16 +46

Higher growth +13 +27 +86

 

For the second principal object, to analyse the changes in the price of fuel which

would be necessary to stabilise the C02 emissions by the transport sector or

reduce these to certain target levels at a number of future times, a number of diffe-

rent approaches which are discussed in the report have been considered.

It is fairly rare for forecasts for the transport sector to be formulated in such a way

that political aims and requirements are integrated in the analysis, creating a

"requirement estimate"; what is required in order that certain defined targets

should be achieved. A previous example is Hesselborn 1992. The most recent

Swedish long term investigations have also employed this approach. In this

respect, the present study is as yet unusual in the transport sector.

The work has shown that this approach is a feasible one even though there are

some empirical and methodological difficulties. In their present form, the model

systems which are used for national transport forecasts have been found to be less
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well suited for the type of analysis to be performed in this case, and we have

therefore made use of a system of linked partial elasticities for the analyses.

The joint environmental reporting system by the traffic administration authorities,

is at the stage of development, and a lot of work remains to be done before a final

form has been found for the method for, and presentation of, the report. In time,

however, this reporting system could be of very great utility and of great interest

for the type of analyses made in this study.

The calculations show that a rise in the price of fuel for all the parts of the trans-

port sector, for instance implemented by a C02 charge of between ca SEK 0.60

and 1.50 per kg of C02 emission, with the level depending on assumptions regar-

ding economic growth and petrol price elasticities (1994 price level, excl VAT),

would by the year 2000 be capable of stabilising emissions at the 1990 level. This

rise in the C02 charge is equivalent to an increase from the present price of petrol

by between SEK 1.70 and 4.40 per litre.

For no change in emissions by the year 2005, the C02 charge would, depending

on assumptions regarding economic growth and petrol price elasticities, have to be

raised from the present level and in relation to price levels at present by between

ca SEK 0.80 and 2.10/kg of C02; this is equivalent to a rise in the present price of

petrol by between SEK 3.10 and 6.50 per litre.
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Table 6.2 Price levels required for petrol in 1994, for different assumptions re-
garding economic growth and petrol price elasticities, to achieve the
target scenario of no change in C02 emissions by the transport sector

Prerequisite: the same general C02 charges are applied at the same time to the
whole transport sector

Target scenario 0: N0 change compared with 1990

 

Lower petrol price Higher petrol price

elasticity (Eqp= -0.3) elasticity (Eqp= -0.5)

Lower Higher Lower Higher
growth growth growth growth

Target year for 2000 2005 2000 2005 2000 2005 2000 2005

emissions

Petrolprice (1994) 9.90 11.30 11.70 13.80 9.10 10.40 10.20 12.50

Rise in petrol price +2.55 +3.95 +4.35 +6.45 +1.75 +3.05 +2.85 +5.15
from present level
(SEK 7.35 /1)

Corresponding rise +0.9 +1.2 +1.5 +2.1 +0.6 +0.9 +1.0 +1.6

from the level in
May 1994, SEK/kg
in terms of 1994
prices, in a general

CO, charge

NOTE. Technically, the rise in charges can have a form other than a C02

charge; the model calculations however presuppose that the charge applies at a
uniform level for all parts of the transport sector.

In order, however, that C02 emissions should also be reduced in the medium term,

for instance up to the year 2005, higher rises are required as shown in Table 6.3.
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Table 6.3 Price levels required for petrol in 1994, for different assumptions re-
garding economic growth and petrol price elasticities, to achieve the
target scenario of a reduction in C02 emissions by the. transport sector

Prerequisite: the same general C02 charges are applied at the same time to the
whole transport sector

Target scenario: Reduction in emissions (compared with 1990) by 10% by
2000 and by 25% by 2005

 

Lower petrol price Higher petrol price

elasticity (Eqp= -0.3) elasticity (Eqp= -0.5)

Lower Higher Lower Higher
growth growth growth growth

Target year for 2000 2005 2000 2005 2000 2005 2000 2005

emissions

Emission reduction -10% -25% -10% -25% -10% -25% -10% -25%

target compared

with 1990

Petrol price (1994) 14 l9 17 22 12 16 13 19

Riseinpetrolprice +6.5 +11.5 +9.5 +14.5 +4.5 +8.5 +5.5 +11.5
from present level
(SEK 7.35 /1)

Corresponding rise +2.4 +3.8 +3.3 +4.8 +1.5 +3.0 +2.0 +3.9
from the level in

May 1994, SEK/kg
in terms of 1994

prices, in a general

CO, charge

It is seen from Table 6.2 that for the lower growth route and the reasonable elas-

ticity assumption EQp = -0.5, it should be possible to stabilise C02 emissions by

means of a C02 charge which in the long term produces a petrol price of SEK 9-10

per litre. Table 6.3 shows that the priCe of petrol would have to be considerably

higher in order that a reduction in emissions should also be achieved. For the low

growth scenario and for the higher elasticity, the price of petrol would in the long

term have to be held at a level of SEK 12-16 per litre, i.e. approximately twice the

present price.
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Already on the basis of the elasticities for the different transport markets which

have been used in the calculation models and the modest proportions of the cost

which are attributable to fuel for many transport services, it is obvious that the

adjustments in traffic mileage as a result of the increases in C02 charges will be

distributed very unevenly between different parts of the transport sector.

As far as goods transport is concerned, only very small adjustments in transport

mileage take place since the price elasticities are extremely low. The reasons for

this are that the de facto competition interfaces between transport modes are very

small, transport cost constitutes only a small proportion of the total cost of goods

and services, and finally that the price of fuel as such is only a small fraction of

the total cost of providing the transport service. It should however be emphasised

that, according to the calculations, considerable adjustments nevertheless occur

within goods traffic towards more efficient use of fuel.

Within passenger transport, on the other hand, considerably greater quantitative

adjustments occur in traffic mileage, particularly in the case of car traffic. When

C02 charges are high, however, adjustments of the specific emissions will also

play a very great part, and when prices are very high this latter type of adjustment

will predominate.

As regards air transport which has a significant element of "consumption travel",

both income and internal price elasticities are relatively high (ca +2 and -O.5). This

implies that air travel will undergo rapid expansion, especially in the scenario with

a high rate of growth, but also that reduction in traffic will be clearly noticeable

when C02 charges are high, despite the fact that the proportion of cost attributable

to fuel is relatively small.

Electrically powered transport modes have not been examined in the study from

the standpoint of emission. On the other hand, as emphasised before, railways are

included in both reference alternatives as a competitive transport mode. In a future

situation, however, when there is a demand for the expansion of Swedish electri-

city supply, it may be very relevant to include in the analysis the C02 emissions of

electrically powered traffic. After all, in a situation where expansion of nuclear
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power is not permissible, the marginal electric power will probably be produced

with fossil fuels (coal or gas).

The Norwegian study (KLIMA) showed that when a uniform C02 charge is

applied to all sectors of society, considerably larger quantitative adjustments will

be made in sectors other than the transport sector. This indicates that an alternative

in which, for instance, an endeavour is made to achieve proportionally the same

reduction in C02 emissions in all sectors, will not be macroeconomically efficient.

The Norwegian study also examines a scenario comprising an international C02

charge - a broadening of the perspective which may be warranted if an endeavour

is made to bring about an effective adjustment to C02 targets in a global perspec-

tive.

The outcome with regard to public finance and the treatment of the C02 charge is

a very interesting issue but is outside the scope of this study; the same applies

regarding the effects of the C02 charge on the level of activity in, and structure of,

the Swedish economy for different assumptions regarding compensatory tax

reductions or international coordination of the C02 charges.

VTI RAPPORT 395A



82

7 BIBLIOGRAPHY

Algers, S: Prognosmodeller for Intercityresor. (Forecasting models for Intercity
journeys. (In Swedish). Technical report, Transek AB, Stockholm 1991-12-16

Banverket, V'agverket, VTI (Rail Administration, Road Administration, Road and
Transport Research Institute): Transportprognos far 2005 och 2020.
(Transport forecast for the years 2005 and 2020). (In Swedish). BV P 1993:4.

Bilismen i Sverige 1993. (Vehicular Traffic in Sweden). (In Swedish). AB Bil-
statistik, 1994.

Bjorketun, U: Kanslighetsanalyser med persontransportmodellen SAMPLAN.
(Sensitivity analysis with the passenger transport model SAMPLAN). (In
Swedish). VTI Note 12/1994.

Dargay, J, Goodwin, P B: Transport evaluation in a disequilibrium world;
some problems of dynamics. Proceedings, VTI Research Days 1994.

Dybedal, P: Godstransport og miljo - drivkrafter og utvecklingsbaner. (Goods
transport and environment - driving forces and development routes). (In
Norwegian). TOI (Norwegian Institute of Transport Economics) report
0107/1992, March 1992.

Ecotraffic AB: Life of fuels. Report 1992.

Franzen, M: Gasoline Demand A Comparison of Models. Goteborg 1994.

Goodwin, P B: A review of new demand elasticities with special reference to
short and long run effects of price changes. Journal of Trans-port Economics
and Policy, May 1992.

Hesselborn, P-O: Ekonomiska styrmedel for begriinsning av viigtrafik-ut-
slappen. (Economic policy measures to limit emissions by road traffic). (In
Swedish). VTI Note 2/ 1944.

Hesselborn, P-O: Underlag for kostnadseffektiv begransning av vagtrafikens
koldioxidutslapp. (Data regarding cost effective limitation of carbon dioxide
emissions by road traffic). (In Swedish). Appendix to TFB (Swedish Transport
Research Board) report 1992:29.

Jansson, J O: Vagvasendet i samhallsekonomisk belysning. (A macro-economic
review of the road system). (In Swedish). VTI Bulletin 701, 1992a.

Jonsson, H: Rimliga mail for nya bilars genomsnittliga bransle-forbrukning.
(Reasonable targets for the average fuel consumption of new cars). (In
Swedish). VTI report 1993.

KLIMA-rapporten. (The KLIMA report). (In Norwegian). Department of En-
vironment Protection), March 1991.

Konjunkturlaget. (The state of the economy). (In Swedish). National Institute of
Economic Research, Dec. 1993.

VTI RAPPORT 395A



83

NUTEK: Energirapport 1993, B 1993z6. (Energy Report 1993). (In Swedish).
Swedish Board for Technical and Economic Development, Stockholm 1993.

Nynabb, J: Varuvarden i prognosmodeller (arbetsnamn). (The values of goods
in forecasting models). (In Swedish). Unpublished working paper.

Prognos AG: Wirksamkeit verschiedener Massnahmen zur Reduktion der
vehrkerlichen COz-Emissionen bis zum Jahr 2005. Internationales
Verkehrswesen 44, 6. Heft, June 1992, Dokumentation 170.

SCB: Allman manadsstatistik 1993:5. (General monthly statistics). (In
Swedish).

SCB: Statistisk arsbok 1993, 1979. (Statistical Year Book). (In Swedish).

SCB SM Na 18 SM 9302: Utslapp till luft i Sverige av svaveldioxid och kvéive-
oxider 1986 och 1990. (Atmospheric emission of sulphur dioxideand oxides
of nitrogen in Sweden in 1986 and 1990). (In Swedish).

Schipper, L, et a1: Energy Use in Sweden: An International Perspective. Inte-
rim report, Spring 1993, Lawrence Berkeley Laboratory

Statens Naturvardsverk (SNV): Planeringsunderlag for samordnad investe-
ringsplanering 1994-2003; Regionala miljiiforutséittningar; - emissions-
faktorer. (Planning data for coordinated investment planning, 1994 2003;
Regional environmental conditions, Emission factors). (In Swedish).

Sterner, T, et a1: Gasoline tax policy, carbon emissions and the global en-
vironment. Goteborg 1994 (In Franzen 1994).

Swahn, H (project leader): Framtida transporter i Sverige. (Future transport in
Sweden). (In Swedish). VTI Note T 117, 1992.

Swahn, H: Nagra problem vid analys av den aktiva bilparkens faktiska speci-
fika bensinforbrukning och kiirstrackan/fordon. (Some problems in ana-
lysing the actual specific petrol consumption of the active car eet and the
distance driven/vehicle). (In Swedish). VTI PM 1992-11-26

TNO: EC policy measures aiming at reducing C02 emissions in thetransport
sector. Final report, DG XI, Delft, December 1992

Trafikverkens miljiirapport 1992. Trafikverkens gemensamma rapport 1993
-09-01. (Environmental report of the traffic administration authorities, 1992.
Joint environmental report 1.9.1993). (In Swedish).

Transportradet: Framtida trafik. (Future traf c). (In Swedish). Swedish Board of
Transport 1990210.

VTI: Transportstatistik nr 1 och 2 1993. (Transport statistics Nos 1 and 2,
1993). (In Swedish).

VTI RAPPORT 395A




