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Summary

What will the trangport system look like if transport emissions are reduced by 80%-90% by 2030?
What are the policy insruments available and when will they have to be implemented to redise these
sharp emission reductions? What are the socid and economic impacts of such an environmentally
sustainable transport system? These questions has been addressed in a pilot study for the
Netherlands carried out as part of the OECD project on Environmentaly Sustainable Transport
(EST). This paper describes the results of the study, focusing on the role of the bicyclein an
environmentaly sustainable trangport syssem. The main conclusions are:

- EST can only be met if mobility patterns radicaly change and future technologica development is
much greater than in the past. The role the bicycdle in the trangport system will strongly increese;
the sharein total passenger transport kilometres will triple;

To achieve astrong reduction in motorised trangport and a shift to non-motorised transport, a
system of tradeable CO, emisson permitsis considered to be the most important instrument.
Land use palicies and improving bicycde facilities are primarily seen as ingruments to improve
accesshility;

If the shift towards non-motorised transport isto be redlised, measures will have to be taken and
indruments implemented in the short term, mainly because of the long pre-implementation and
implementation period of land-use and infrastructure policies,

The economic impacts of the shift from motorised passenger travel to non-motorised travel are
probably small: Dutch society will function reasonably well with less motorised transport.
Moreover, EST will have sSgnificant socid bendfits differencesin travel behaviour and thus
access to socia and economic opportunities between income groups will be smaller, traffic safety
increases and public health will improve.

Travel to the future: therole of the bicyclein an environmentally
sustainable transport system

1. Introduction

What will the trangport system look like if transport emissions are reduced by 80%-90% by 2030?
What are the policy instruments available and when will they have to be implemented to redise these
sharp emission reductions? What are the economic and socia consegquences of such atransport



system? Eight countries, Germany, Switzerland, Austrig, France, Norway, Canada, Sweden and the
Netherlands, addressed these questionsin six pilot studies conducted in the OECD project
“Environmentaly Sustainable Transport” (EST). Pilot studies for the Central Eastern European
countries (CEl), Japan and Italy are aso currently being carried out. This paper summarisesthe
results of the EST study for the Netherlands done by the Dutch Nationd Ingtitute of Public Hedlth
and the Environment (RIVM) by order of the Dutch Ministry of Housing, Spatia Planning and the
Environment (see Geurs & Van Wee, 2000). Focusis on therole of cycling in an environmentdly
sugtainable transport system, and the function of the different types of policy instrumentsin the
attainment of EST.

In the OECD project very sharp emission reductions are assumed to be necessary for the redisation
of EST. The OECD (OECD, 1996) described a sustainable trangport system as one where (i)
generaly accepted objectives for hedth and environmentad quality (e.g. such as those from the World
Hedlth Organisation concerning air pollution and noise) are met, (i) where ecosystem integrity is not
sgnificantly threatened (e.g. criticd loads and levesfor acidification), and (iii) where potentidly
adverse globa phenomena (climate changes) are not aggravated. The following quantitative criteria
for EST were derived: 50% reduction in CO, emissions globaly and 80% for OECD countries
between 1990 and 2030 if stabilisation of CO, emissonsisto be achieved; 90% reduction in
nitrogen oxide (NO,), volatile organic compounds (VOC) and particulate matter (PM o) emissons
between 1990 and 2030 if acceptable health risk levelsin urban areas are to be achieved (OECD,
1999).

In the OECD project “forecasting” as well as “backcasting” scenarios are congtructed, a business-
as-usuad scenario and an environmentally sustainable transport (EST) scenario, respectively. In the
EST scenario, measures are assumed to meet the EST criteria (see above).

The rest of the paper is structured as follows. Section 2 describes the main results of the business-
as-usua scenario and section 3, the EST scenario. The scenario descriptions are focused on
passenger transport. Section 4 describes an instrument package and a possible instrument-
implementation time path for the EST scenario, while section 5 outlines the socia and economic
impact assessment. Section 6 presents the conclusons of the Netherlands pilot sudy.

2. The Business-As-Usual Scenario

The business-as-usua scenario (BAU) is a reference scenario showing the continuation of present
trends in trangportation, moderated by likdly changesin legidation and technology. This scenario
does not necessarily conform to current governmental policiesin the Netherlands. In generd, the
BAU scenario for the period up to 2015 is based on the transport forecasts carried out for National
Environmenta Outlook 3 using Dutch nationa trangport models (see Van Wee et al., 1996). For the
period of 2015 to 2030, trend extrapolations and corrections to them are made on the basis of
assumptions and general expectations.

In the business-as-usud scenario, cycling is expected to maintain their current postion in the
trangport system. In the Netherlands, the bicycleis an important transport mode, i.e. bicycle
ownership is very high (the number of bicycles owned equas the number of inhabitants), cycling



currently accounts for dmost 30% of al trips and 7% of al passenger kilometres (see Table 1). The
number of bicycle kilometres in the Netherlands dmost equas than the number of rail passenger
kilometres

Table 1: The share of transport modesin total number of trips and kilometres (per person per day) drivenin
1995

car public bicycle walking other total
transport

trips 48% % 2% 19% 3% 100%
kilometres 75% 10% 7% 3% 3% 100%

Source: CBS

However, road-based motorised traffic will strengthen their position: car use will increase by 75% in
the period 1990-2030, lorry use by 175%. As aresult, the business-as-usual emission forecasts
show afar-from-sustainable trangport system: BAU emissons will be much higher than the EST
criteria(see Table 2). If the EST criteria are to be met, CO, and PM ;o emissonswill have to be
reduced by 87% of the BAU scenario emissons in 2030; for NO, emissons thisis 85% and for
VOC emissions, 78%.

Table 2: Vehicle use and emissionsin 2030 - BAU scenario (index 1990 = 100)

Unit Volume Cco, NO, VOC PM 40
cars veh. km 175 131 25 30 23
rail-passenger pass. km 140 127 302 95 266
bicycle/walking pass. km. 100 0 0 0 0
lorry veh. km 275 230 84 4 85
inland shipping tonne km 175 137 140 137 140
rail-freight tonne km 200 105 157 135 234
Total transport emissions 159 67 46 78
EST criteria 20 10 10 10

3. A Vision of an Environmentally Sustainable Transport System

This section addresses the question what an environmentaly sustainable transport (EST) system
might look like. EST hastwo main characteridics: (i) overal motorised mohility has to be reduced
sgnificantly and (ii) the remaining demand for mohility has to be met with vehicle categories having
the lowest unit impact. The EST scenario shows a trend breach in both technologica devel opment
and behaviour. In the EST scenario, about 60% of the reduction of CO, emissonsin passenger
transport is the result of changes in technology, about 40% the result of reduced mobility levels,
mode shifts and more efficient vehicle use (higher occupancies).

Mohility patterns have to change significantly: people will have to work in or closer to the
locationg/regions were they live and commute more by dow modes. Average trip distances are
shortened and origin—destination patterns have changed, thus reducing total passenger mobility by
35%. Therole of motorised trangport must change radically: car use is reduced by 50% compared
to the BAU level in 2030 due to shorter distances per trip, high vehicle occupancies and a shift to



ral, i.e. about the same number of car passenger kilometresin 1970 can be driven in 2030 according
to this scenario.

In EST, where trip distances are much shorter than in BAU, non-motorised modes are important for
ensuring asufficient leve of accessibility to socid and economic opportunities. Cycling will increase
substantialy, i.e. passenger kilometres will double, the sharein tota passenger transport will triple.

The role of public transport (in terms of passenger kilometres) in EST is assumed to be the same as
in the business-as-usual scenario: a decreased number of passenger kilometres due to shorter trip
distancesis assumed to compensate for the shift from car useto rail (see Figurel).

Figure 1. Passenger transport volumes and mode choice in the business-as-usual (BAU) and
environmentally sustainable transport scenario (EST) in 2030.

BAU: 227 billion pass. km in 2030 EST: 146 billion pass. km in 2030
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80%
bus
10%
car
train 62%
11%

To achieve heavy emission reductions, vehicle technology will have to be substantialy improved. In
EST dl cars are assumed to be hybrid, with very fud-efficient engines (running on LPG or another
kind of gas) and end-of-pipe techniques to reduce NO, and VOC emissions, i.e. de-NOy cataysts
and vaporisation control measures. Rail transport emissions are reduced due to the technical
improvements of trains (regenerating braking energy, light materids, less rolling resstance, improved
aerodynamics) and the use of sustainably produced electricity (100% electricd traction).

train
7%

The changes necessary to atain the EST criteriawill have aso mgor impacts on freight transport
sector and other sectors of the economy. The freight transport sector must change radicdly, i.e a
shift from road trangport to rail and inland shipping, a better logistical organisation of al modes, a
heavy reduction in transport distances, and highly improved vehicle technology. Changes in others
sectors of the economy include those in the agricultural sector (i.e. more regiona production and
consumption) and the energy sector (i.e. alarge share (40%) of energy hasto be produced
sugtainably).

The result of the assumed changesis given in Table 3, showing totd CO,, NO,, VOC and PM 19
emissons to be below the EST criteriain 2030.



Table 3: Vehicle use and emissions for the EST scenario in 2030 (index BAU 2030 = 100)

Unit Volume Cco, NO, VOC PM 1o
car pass. km 50 10 6 6 9
rail-passenger pass. km 100 10 18 0 0
bicycle/walking pass. km 200 0 0 0 0
lorry tonne km 25 6 4 6 6
inland shipping tonne km 755 29 15 29 26
rail-freight tonne km 485 7 119 0 0
Total transport emissions 10 8 15 13
EST criteria 13 15 2 13

4. An implementation pathway for environmentally sustainable transport

4.1 Which instruments ar e available for the attainment of EST?

In the Netherlands EST project, a combination of regulatory and pricing insrumentsis consdered
the most plausible way to redlise the envisioned changes in mobility patterns, complemented with
land-use and infrastructura policies to support and facilitate EST and to increase the (socid)
feasbility of EST. Thisinstrument package for passenger transport comprises.

A system of tradeable CO, emission permits. Thisingrument is consdered the most important
in the attainment of EST. People receive a CO, budget (of 160 kg CO, per inhabitant older than
12 yearsin 2030) and are free to buy or sell permits at market price. If a person wantsto spend
his entire CO, budget on car use — and does not buy extra permits — the number of car
passenger kilometresis limited to about 8000 (passenger) kilometres using a fud-efficient hybrid
car. Asareault, people will try to optimise their travel patterns within their budget. Possible
effects are (i) areduction in the number of passenger kilometres, depending on the total CO,
budget for passenger transport and the price of buying extra CO, permits, (ii) less energy use per
vehicle kilometre, e.g. the higher the energy efficiency of the car and the better the driving
behaviour, the more vehicle kilometres can be driven with the same CO, permiit, (iii) moda split
changes, eg. bicycling and waking will increase. The system will be gradualy implemented so
that the CO, budget per inhabitant can be gradually reduced to the desirable CO, emisson leved
for 2030. The time path will be announced in advance to promote anticipetive behaviour;
Land-use instruments: therole of land-use policiesin EST differs from the current onein
transport policy (i.e. to reduce motorised mobility and related emissions). In EST, land-use
policies are amed at increasing accessibility to socia and economic opportunities for cycling,
walking and public trangport to facilitate the changes in mobility patterns (shorter average travel
distances and less motorised travel). Improved bility isthe result of the combination of
both improving bicydle infrastructure and land use policies, such as building in high dengties and
mixed land use. Furthermore, locations of activities (e.g. work, recreation and shopping) must be
closeto resdentia areas. The demand for new housing and working locations will primarily be
met within existing urban areas. New urban areas are built so0 asto redise “compact cities’.
Furthermore, the Dutch employment location policy for new employment locations for “the right
businessin the right place’ (e.g. new offices should be build near railway stations), combined
with pricing messures, will be expanded to include re-location of existing companies/businesses,



Infrastructure policy: Therole of infrastructurd policies to improve bicycle infrastructure in
EST dso differs from the current one in trangport policy. In current policy, encouraging bicycle
useisvery often seen as away to reduce car use. However, because the impact of (only)
improving bicyce infrastructure on car useisvery smal, the bicycle receives poor atention in
current Dutch policy, eg. the per passenger kilometre government expenditure on public
transport is about 100 times higher than on the bicycle (i.e. to reduce motorised mobility and
related emissons). In EST, improving bicycle facilitiesis not primarily seen as an ingrument to
reduce car use but to improve bility to socid and economic opportunities. Infrastructural
policies comprise: motor vehicle infrastructure in cities and towns with 40,000 to 100,000
inhabitants will be largely converted to non-motorised infrastructure. Not only include separate
bicycle lanes on the roads but dso high-qudity parking facilities a many places areredised. The
number of barriers (mainly: roads) to be crossed will be reduced to make cycling more
comfortable and safer, mainly by prioritisation at traffic junctions (the bicyclist has priority and
not the motorised vehicles) and aso by building multi-level crossings (leaving cydigs and
pedestrians at the ground level and motorised traffic below the surface);

Regulations. promotion of good hedth and “qudlity of life’ will mean that transport in urban
areas will have to be dmost completely dectrical or non-motorised. Vehicles with a conventiona
combustion engine will not be alowed in centres of cities with more than 40,000 inhabitants;
however, access for eectric or hybrid vehicles operating in the “eectric mode’ in these areas
will be dlowed;

Pricing instruments. pricing policy instruments like increasing fud taxes and road pricing will be
necessary for the short-termymedium-term instruments. These pricing instruments will eventualy
be replaced by the system of tradeable CO, emission permits after 2015;

Soeed control measures: to increase traffic safety for cyclists and pedestrians (and also to
reduce the attractiveness of car use and to promote shorter distances) speed limitswill be
lowered at dl road types. Vehicleswill be equipped with on-board speed adaptation systems for
systematic maintenance of the lower speeds.

Telematics: Loca or regiona multi-company buildings with tedecommunication facilities - to the
main offices - are located at town peripheries. Furthermore, telecommunication will be used to
replace long-distance passenger travel.

Education and information: education and information are important instruments for achieving
public acceptance of the necessary changes towards EST, especidly the system of tradeable
CO; permits,

I nstruments outside the transport sector: severd instruments will be necessary to reduce
emissonsin other sectors of the economy to a (more) sustainable leve. Flexible housing and
employment markets are a necessity for shorter trips between home and work. Fisca
instruments stimulate moving closer to one’ sworking location. Furthermore, severa instruments
will probably be necessary to achieve a40% share in the sustainable energy production and a
highly efficient level of conventiond energy production.

4.2 Timing of implementation of instruments

When do the instruments have to be implemented if EST isto be achieved by 20307 This paper
shortly describes the methodology and results of the implementation time-path (see Geurs & Van
Wee (2000) for a detailed description). In this study, an implementation time path for the instruments



is congtructed by using the backcasting method: i.e. if we assume the instrument to have its full effect
by 2030, the sart of the policy implementation phase can be ca culated backwards. Furthermore,
the concept of the “policy life cycle’ is used, conssting of three phases: (1) arecognition (or
acceptance) phase, (2) apolicy adjustment phase and (3) a policy implementation phase. Andysis of
policy life cycles of technicd emisson reductions in the Netherlandsin the past, mainly outside the
trangport sector, showed that the average acceptance and adjustment phase took about 6 years, the
average implementation phase about 18 years (Van de Peppdl et al, 1997). Here, it is assumed that
pre-implementation phase takes about five years, for reatively “easy” insruments (e.g. information
ingruments) this period will be shorter and for “difficult” insruments (e.g. tradeable CO, permits) it
will be longer. The implementation phase of mohility measures depends heavily on the instrument
type: regulations and information insruments may have a rdatively short implementation period, of
say 1to 5 years, whereas land-use and infrastructura measures require along implementation and
adaptation period. The full effect of these measuresis long-term, taking place in gpproximately 15 to
20 years. The implementation phase of technical measures, assumed to consst of full replacement of
road vehicles, will take (at least) 15 years.

From the implementation time-path it can be concluded that atimely implementation of the
ingruments necessary to achieve the changesin mohility patterns envisioned by EST will only occur if
(i) the current policy life cycle radicaly changes, i.e. the pre-implementation period must be
shortened, (i) in the short term a gart is made with the implementation of the land-use and
infragtructurd ingtruments (e.g. shift from motorised to non-motorised infrastructure), given the long
implementation and adaptation period of those instruments.

5. Economic and social impacts of sustainable transport

5.1 Economic impacts

To quantify the economic impacts of an environmentaly sustainable trangport system (compared to
the business-as-usud Stuation), a smplified assessment methodology was devel oped by the
Universty of Karlsrtuhe (Rothengatter, 1998). The approach alows to assess the order of magnitude
of macro-economic changes based on data provided by “input-output” tables of nationa accounts.
Important to note is that the assessment is restricted to transport-rel ated sectors of the economy (i.e.
road-vehicle manufacturers, secondary car business and transport services, railways, arlines the
tourist industry and retail business), but includes multiplier effects to incorporate forward and
backward linkages to other sectors of the economy. From the economic impact andysisit can be
concluded that:

- The macro-economic impacts of the changes of the shift from motorised transport to non-
motorised passenger travel (in terms of GDP and employment losses) are probably small. It can
be expected that the Dutch society will function reasonably well with fewer private cars. The
largest reductions in vaue-added and employment are found in road freight transport, aviation
and marine transport, i.e. long-distance freight transport will decrease substantialy because of
the changesin origin-degtination patters and production and consumption. The lossesin these
sectors cannot be fully compensated by vaue added and employment gains in other sectors (the
railways and loca busness).

The changes in dl transport-related sectors result in aloss of materid welfare for the entire
economy, i.e. GDP in EST is about 4-8% lower than in BAU in 2030, the total loss of



employment is about 1-3%. This means that the average yearly GDP growth in the EST
scenario will be afew tenths of percentage points lower than the business-as-usud scenario, the
tota Dutch employment level will be afew percentage points lower in 2030.

Thetotd loss of materid welfare (GDP) for the year 2030 can be largdly - but probably not fully
— compensated gains in non-materid welfare (expressed in reductions in externd costs). The
non-meterid vaue of the combination scenario is caculated by estimating the external cost
savings for ar pollution, noise, traffic accidents and congestion in monetary terms. Totd
monetary externd cost savings for the combination scenario compared to the BAU scenario are
about 1 to 4% of the Dutch GDP in 2030. These figures probably underestimate the tota non-
materia value because the externa cogts of direct and indirect land use, loss of landscape,
ecologica disturbance and waste are not incorporated.

The economic impact analyss did not include a micro-economic evauation using wefare economics.
However, it can be expected that on a micro-economic leve the current (and BAU) differencein
consumers surplus for acar trip and asmilar non-motorised trip will be reduced. In other words, in
BAU acar trip will ill be highly vaued by individuds because of insrumenta characteridtics (e.g.
flexibility, lesstravel time to destinations) and affective characterigtics (datus etc.), whereas the costs
of the trip are modest. In EST, the consumer surplus of acar trip will be much lower because the car
trip will be vaued lower (e.g. the car will have alower accessihility leve to opportunitiesin urban
areas compared to aternative non-motorised modes), whereas the car-trip costs are much higher
(CO, permits have to be bought if the current mobility patterns are to be maintained). Thus, on a
micro-economic leve (individual) losses of EST for passenger trangport — compared to BAU - will
probably be reatively low.

5.2 Social impacts of sustainable transport

In the OECD project, anumber of socid factors were identified which were thought important and
sengtive to changes in mohility: i.e. materid wedth, land use and accessibility of opportunities,
community relationships, crime, safety, hedlth, and democracy (see Adams, 1999). These factors
were used as aframework to (qualitatively) describe the expected socid differences between the
BAU and the EST scenarios for the Netherlands for 2030. The relationship with mobility in the past
for each socid factor is described on the basis of data for the Netherlands, where available. Thisis
projected up to 2030 for both the BAU and EST scenarios using existing scenario sudies. The most
important socid impacts (related to materia wedlth, land use and accessibility, safety and hedlth)
related to a shift from motorised travel to non-motorised travel are described below.

Material wealth:

Mohility is related to wedth: higher income groups have a higher level of car ownership, trave
farther, use their cars more often and as a result have a higher level of accessto economic
opportunities, In the EST scenario, motorised transport is substantially reduced and non-motorised
transport strongly increases (mainly due to asystem of tradeable CO, permits). As aresult,
differencesin travel behaviour between income groups will be smdler, i.e. higher income groups pay
arddively higher price for maintaining their travel behaviour than lower income groups.

Land use and accessibility:



In the business-as-usua scenario a process of nationa deconcentration and regiona suburbanisation
will continue; this negatively influences the accessibility level of economic and socid opportunities for
those without cars since the number of opportunities which are reedily ble by non-motorised
modes and public trangport decreases, thus negatively influencing peopl€’ s mode choice options. In
the EST scenario the bility differences between the car on the one hand and bicycle, walking
and public trangport on the other will be much lower: more opportunities will be readily ble by
walking and cycling, thus increasing peopl€'s choice of mode options.

Safety and inter dependency:

Astraffic increases, traffic danger increases, especidly for cycdlists and pedestrians. As aresult,
fewer people attempt to cross the road, fewer cyclists venture forth upon the road and fewer
children are permitted to get about interdependently. As aresult, children are denied the experience
of mixing independently with their peers and learning to scope without adult supervison (Adams,
1999). In EST, due to lower urban traffic levels and better bicycle infrastructure, bicycling (and
walking) is much safer. Asaresult, EST will permit grester independence for children.

Health:

There will be sgnificant hedth benefitsin EST. Firdly, more bicycling and walking involves more
exercise. The guiddine for hedthy living (“30 minutes of moderate exercise, such as brisk walking,
every day”) will be met by more people. Secondly, health problems caused by loca air pollution and
noise nuisance (from road traffic and aviation) will strongly decrease.

6. Conclusions

This paper summarised the results of a pilot study on environmentally sustainable transport (EST) for
the Netherlands for 2030, focusing on the role of the bicycle in the trangport system. The main
conclusons are;
EST can only be met if mobility patterns radicaly change and future technologica development is
much gregter than in the past. The role the bicycle in the trangport system will strongly increese;
the share in total passenger trangport kilometres will triple;
To achieve a strong reduction in motorised transport and a shift to non-motorised transport, a
system of tradeable CO, emisson permits is consdered to be the most important instrument.
Land-use and infragtructura policies are important to increase accessibility to socid and
economic opportunities for cycling, waking and public transport.
The role of land-use palicies and infrastructura policies to improve bicycle infrastructure in EST
differs from the current one in transport policy. In current policy, land use policies and
encouraging bicycle use are seen as instruments to reduce car use and related emissions. In EST,
however, land use palicies and improving bicycle facilities are primarily seen asindrumentsto
improve accessihility: due to changesin land use (eg. building in high dengties, mixed land use)
and improved bicycle infrastructure people can access many opportunities (such as schools,
shops, offices, friends and family) comfortably, without using the car;
If the shift towards non-motorised transgport is to be redlised, measures will have to be taken and
indruments implemented in the short term, mainly because of the long pre-implementation and
implementation period of land-use and infrastructure palicies;



An environmentaly sustainable trangport system for both passenger and freight transport will
probably have significant economic impacts (e.g. GDP growth will be lower). However, the
macro- and micro-economic impacts of the shift from motorised passenger trave to non-
motorised travel are probably small: Dutch society will function reasonably well with less
motorised transport.

A mohility patterns envisioned by EST will have sgnificant socid benefits: differencesin travel
behaviour and thus access to socia and economic opportunities between income groups will be
smdller, peopl€ s mode-choice options increase, traffic safety for children and the elderly
increases, thusimproving thelr travel independence, and public hedth will improve.
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