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Abstrad

This paper presents four scenarios, which are constructed to aralyse the effects of globalisation
ontransport and the ewironment. These scenarios contain different assumptionson the degree
of globalisation, technicd progress migration and energy pdicies. These saumptions are
guantified using WorldScan, agenera equilibrium model for theworld emnomy. Here we present
the results on econamic growth, trade and spedalisation petterns and the volume of energy
consumption and emissons within the four scenarios between 19% and 2020. These results show
that emisgon levels doulde with high econamic growth in the absenceof any new erergy-efficient
technologies and environmental legislation. However, in anecological scerario which combines
energy-efficient techndogies, environmental legislation and modest econamic growth, global

emissons hardly increase.






1. Introduction

Globalisation isan ongoing trend. Although the benefits of globalisation for developing countries

are sometimes doulted, globali sation is still seenasa prerequisite for further development. It can

be interpreted as the growing econamic interdependence of courtries worldwide throughthe
increasing volume of crossborder transadions in goods and services and variety in traded good
and services, throughlarger international cgpital flows and aso through the more rapid and
widespreal diffusion of technology. It affeds trade patterns, capital flows and location choices

of firms at aregiona andglobal level. Globalisation could raise economic growth o developing
regions substantialy, leading to a drastic shift of production adivities to these wurtries.
Moreover, increasing links between regions could affed consumer preferences and the
disemination d new techndogies.

The distance between production and (intermediate and final) demand determines the size of
trade, and in turn, the demand for transport. Because globalisation affeds the volume of
consumption, poduction and the placeof production, it has gred impad on the volume of
transport. Transport movements can have considerable consequernces on environmental quality.
If globalisation persids, its impad on the environment will probably increa®. The intensity of
transport, the distances and the used modes of transport can have immense ewironmental
influence This could lea to a padlicy resporse, which would put new restrictionson trangport
techndogy dredly or indiredly.

The result of the processof globalisation andits environmental effed is uncertain. Will the
processof globali sation acceerate, or will it be dowed down by pditi cd and social tensions?
Will all regions benefit from globalisation, a does it work in favour of developing a just
developed courtries only? Do courtries take ewironmental quality seriously or is econamic
growth the overwhelming gaal?

These isaues are identified in four scenarios. In various ways they addressthe process of
globali sation, its effects on the various regions, palitical cooperation between regions, the pace
of techndogicd progress changing consumption petterns, and developments in the transport
sedor. Van Veen-Groot and Nijkamp (1998 have cnstructed these scenarios. Seven driving
forces are distinguished. These driving forces are economy, politics, technology, demographics,
the use of resources, firm strategies and consumer preferences. The first scenario is the
Schumpeterian scenario, which emphasi ses globali sation and high econamic growth throughou
theworld. In the Malthusian Scenario, the OECD economies flourish, but non-OECD coungrie
lag behind. Thisresults in strong polarisation between these regions.drDivel oping World,
strong economic centresin non-OECD countries arise. High economic growth ratesin these aeas
are acompanied by severe eologicd problems. On the other hand, the OECD courtries are
confronted with stagnating econamic growth. In the Ecological Scenario, the nonmateria
aspeds of life are more important: the enphesis isonwelfare and environment, rather than on
an increase in income and the amourt of physicd goods

This paper aims © present the quantification of the four scenarios. For that purpose we use
WorldScan. This is an applied general equili brium model for world econamy. It focuses on
eaonomic growth in the long run and trade patterns between twelve regions. WorldScan is agood

"This research is part of the projea Globalisation, International Transport and the Environment. It aims to map out
the implicaions of current globalisation trends on transport and the dfeds of internationa transport on
environmental quality. This projed is carried out in the framework of the Dutch National Research Programme on
Global Air Pollution and Climate Change, registered under nr. 953242, titled ‘ Globalisation, Internationa Transport
andthe Global Environment (GITAGE)'. CPB (199%) presents the results more extensively.



tod to analyse scenarios in which trade, trade liberalisation and dfferences in growth rates
between regions are important. Moreover, it distingushes severa sedors including the errgy
sedors 2uch as oil, gas and coal. Therefore the maaoecmnamic anaysis can be comhined with
pdicies that affed energy. We will stress the e@namic outcome of scenarios and their
implicaions for growth in energy and emissons.

Ubbels et al. (2000) use the results on economic growth, consumption, and trade in the four
scenarios to derive the volume of (international) transport between and in the various regions.
Given the volume of transport and scenario asaumptions on spatial organisation, the modal split,
routes and distances, and environmental-friendly technological progressin the ransport sector
Olsthoarn (2000 determines the emisson of greenhowse gasses by the trangport sedor. These
results will be used to evaluate palicies aimed at restricting the enisson of greenhowse gasse
by the transport sedor.

Sedion 2 aescribes the scenarios and their driving forces. Section 3 translagesdhving
forces into exogenous putsin our smulation model WorldScan. Sedion 4to 6 concentrate on
the quantitative results. Sedion 4focuses on econamic growth in the various regions and the
causes of growth between 19% and 2020 ly a growth-accounting exercise. Moreover, we present
the dhanges in consumer spending petterns and we show the developmentsin trade at aregiona
and worldwide level. Sedion5 conceatrates on the growth in erergy andemissons Sedion 6
presents nore regional detail on trade patterns. Section 7 summaresesithresults and daws
some corclusions

2. Qualitative scenarios

Thefour scenarios address n various ways #processof globali sation, its effeds on the various
regions, pditicd cooperation ketween regions, the paceof techndogicd progress changing
consumption petterns, and developments in the transport sector. Weeen-Groot and Nijkamp
(1998 describe the mnstruction d the scenarios. They also present the scenarios and their
driving forces extensively. This sedion simmarises the feaures of the qualit ative scenarios.

The Schumpeterian scenario is optimistic ebou the e@namic progressin developed and
developing regions. It emphasises globali sation tendencies and market-oriented padliciesin the
world econamy. Therefore, it is akin to the High Growth scenario, which CPB and OECD
constructed for their coll aborative study on dobali sation and the ansequences for the OECD
courtries (OECD, 1997. In this scenario fast development outside the OECD area and complete
liberdisation of goods and capital markets produce doser ecnomic integration o richand poa
courtries.

To attain and sustain high growth rates, developing courtries should pursue sound damestic
palicies. Courtriesthat do nd crede favourable wndtions for market-based development are
likely to fail. Governments must also promote or at least not discourage (private) savings, invest
in public infrastructure and human capital and at the same timetry to control or even curb fiscd
deficits and public debt. Finaly, developing econamies must open up to all ow foreign good and
foreign investment. Liberalising trade of goods, services and capital alows courtries to
spedalise, exploit eamnomies of scale andcreat competition. Moreover, openmarkets stimulate
the dissmination d new techndogies in developing regions

In this scenario, trade liberali sation is not confined to trade blocks, but applies globally. The
OECD countriesfurther open up their markets. Whereas barriers to trade in manufacturing goods



are dready low, agriculture is still heavily protected. Mainly developing countries benefinfro
partial liberalisation d agriculture. Moreover, there is more competition in the goods and
services markets tlan in ather scenarios.

Fast econamic growth in the developing regions, together with a strong trend towards
internationali sation, also lead to a convergence of consumer preferencesin the OECD. Moreover,
rising incomes per cgpita in the OECD courtries creae ahigher demand for services and a
relatively lower demand for manufaduring good and agriculture. Despite the relative dedine
of manufaduringin the OECD, increasing cemand in the devel oping regions, popuation gowth
and the development of transport and tourism will put a heavy strain onthe use of energy and
environment. Improvements in energy efficiency are necessary to limit the increase in CO,
emisgons. Energy prices will rise aad environmental palution will continue. From an
environmental perspedive, the scenario is thus lessoptimistic, althoughit does not foresee a
environmental disaster.

Table 2.1. Characteristics of Schumpeterian and Malthusian scenarios

Schumpeter Malthus
1. Economy high economic growth high economic growth in OECD, non-
OECD countries lagging behind.
increasing polarisation
2. Politics stablein OECD and non-OECD stable in OECD, non-stable in non-
increasing mar ket-oriented policies OECD
strained political relations due to large
migration flows

3. Technology strong technological development strong technological development in
catching up of non-OECD OECD
hampering diffusion of technologies to
non-OECD
4. Demographics Overpopulation in non-OECD overpopulation in non-OECD
Diminishing population in OECD diminishing population in OECD
large international migration flows
5. Resource Use Innovations improving energy efficiency  improving energy efficiency in OECD
\olume growth exceeds efficiency gains  modest increase of energy use in non-
OECD
6. Firm strategies Internationalisation of business inter nationalisation of business
Strong competitive forces relocation of polluting activities
7. Consumer preferences Convergence of consumer patterns no global convergence of consumer
patterns

This table presents the qualitative characteristics. The trandation into the quantitative exogenous variables of the model
necessary to mimic econamic growth, resource use, and @nsumer prefererces is presented inTable 3.1

The rather optimistic picture for the developing courtries, which is <ketched in the
Schumpeterian scenario, is abandored in the Malthusian scenario. This scerario assumes that
governments in developing regions are not able togoe market-oriented and outward-oriented
palicies. The paliticd situationin most of these courtries is na stable and leads to an inward-
looking attitude. This does nat stimulate international cooperation ontrade and environmental
palicies. The lad of trade liberalisation and the negled of infrastructure and education harm
eaonanic growth substantialy in these courtries. The high technologcal advarces in the OECD
are not diseeminated to the developing regions. This reduces econamic growth even further,
which in turn attributes o the political énsions in those ourtries.

The lack growth paential on pogressdoes not fadlit ate structural changes in developing
eananies. Labou redl ocationis modest and contributesto depriving conditionsfor alarge part
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of the popuation. Because the OECD courtries sicceal in managing their eamnamies well,
people in the devel oping countries have atendency to migrate in this scenario in spite of stricter
controls at the OECD borders. The trend towards globali sation seems to be reversed in this
scenario, in particular for the developing courtries. As a result, consumer preferences in the
developing countrieswill not converge with those in the OECD. The reduced growth perspectives
are of course aso important in this reged.

The Developing scenario sketches an oppdaite picture. Growth perspedives for the OECD
courtries are meagre, while non-OECD courtries grow fast at high environmental costs. The
Developing scenario assumes that the OECD countries experience problems. Demand for social
protedion and aher risk averting kehaviour enforce rules and institutions, which hamper
structural growth. The lad of flexibility onthe labou and product markets within the OECD
keg uremployment levels high. Moreover, established interests and inflexible institutions
oppcee effedive solutions for the financial burden o ageing. Asaresult, labou taxesincrease,
raising uremployment levels even further. Econamic aises inside the OECD strengthen
protedionist sentiments. Disagreement on trade issues abou agriculture and services between
the United States, European Union and Japan restrains all globali sation tendencies in the OECD.
Thisreative autarky together with expanding welfare states, affed the expedations of producers.
They reduce nvestment and curb research and development. Technical progress slows @wn. Th
social and emnamic tensions dominate ewvironmental problems. As a @mnsequence, energy
efficiency and environmental legislation are unimportant issuenow.

Table2.2 Characteristics of Developing and Ecological scenario

Developing Ecology

1. Economy High economic growth in non-OECD  low economic growth
Economic crisesin OECD

2. Politics Sablein non-OECD, unstablein OECD  stable in non-OECD and OECD
Increasing market-oriented policies in  increasing market-oriented policies
non-OECD

3. Technology high rate of imitation and innovationin focus on  environmental-friendly
non-OECD technology

4. Demographics

5. Resource Use

6. Firm strategies
7. Consumer preferences

limited technological development in
OECD

overpopulation in non-OECD: smaller
families

diminishing population in OECD
severe ecological problems

rapidly increase of resource use in non-
OECD

internationalisation of non-OECD firms
convergence of consumer patterns
strong youth culture in non-OECD

smaller increase population in non-
OECD

sustainability
strict environmental legislation

localised production and consumption
preference for environmental-friendly
products and for local products

Thistable presents the qualitative characteristics. The trandation into the quantitative exogenous variables of the model
necessary to mimic econamic growth, resource use, and @nsumer prefererces is presented inTable 3.1

The devel oping countries do nat face these problems. They continue to open upand strengthen
markets. Their pdlicies are outward oriented. They invest in infrastructure and educaion and
copy techndogies from the OECD courtries at a fast pace In spite of protedionist measures
from the OECD, the developing courtries liberalise trade and cegpital in their own regions,
thereby creaingtheir own trade blocks. In their efforts 1 raise welfaretaa quick pace courtries
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do ot worry about the environment. Moreover, the ladk of energy-extensive innovations in the
OECD implies an imitation of erergy-intensve technologies inam-OECD countries. As aresullt,
the demand for energy increases sulstantially, gererating a sharp increa® in emissons

In the Ecological scenario consumers and podwcers value ewvironmental quality. Econamic
growth as such isless sgnificant. Well-being and environmental quality are important issues
whiletechnicd progressis less important and directed towards energy-efficiency improvements
Positive ewvironmental effedsinstead of higher productivity levels motivate new innovations.
Moreover, consumers prefer to save energy, and consequently spend less on eledricity.
Governments also enforce strict environmental legislation by theintrodudion o energy taxes.
The emission targets agreed uponin the Kyoto protocol will be reached by 2010 and thereafter
emissonswill belowered by 1% per yea. Environmental legislation is only possble in asphere
of padlitica and social harmony. Countrieswill agree b cooperate on environmental legisbati
withou freerider behaviour. The areaments in the Kyoto protocol are only binding for
indwstrial and transition (is Eastern Europe and Former Soviet Union) courtries. Developing
countries are permitted to grow with the help of erergy-efficient technologies, but without strict
environmental limits. The reverse of the coin islow economic growth, and therefore adow rise
in standards of livingin norOECD countries

In this enario, people value the consumption d loca products. Globalisation is of little
significance in this respect. For that reason, thessfav incentives for €li minating trade barriers.
Firms gay in their own regions, and the need for transport is more limited than in the other
scenarios.

3. Theexogenoustrends

Later in this paper, the qualit ative scenarios presented in Sedion 2are quantified and for this
purpose we use WorldScan, an applied generd equilibrium model for world econony. The model
was developed for the building of scenarios. This section presents quantified exogenous variables
in WorldScan. Because the values of these variables differ in the four scenarios, the results of the
model will vary. The subsequent sedions present these results and focus in particular on
eoconamic growth and trade.

CPB (1999b) explains quite extensively that WorldScan relies on the neoclassicd theories of
growth and international trade.” The standard neoclasscal theory of growth distinguishes three
fadors to explain changesin production: physicd capital, labou, and techndogy. WorldScan
augments the simple growth model in threeways. First, WorldScan all ows overall techndogy
to differ across countries. Secondly, the model distinguishes two types of labour: high-skilled and
low-skilled labour. Sedors differ according to the intensity with which they use high-skill ed and
low-skill ed labour. Courtries can raise per cgpita growth by schoding and training the labour
force Thirdly, in developing courtries part of the labou force works in a low-productivity,
informal sedor. In this sedor workers do nothave access o caital and technology. Redl ocation
of labour from the low-productivity sector to high-productivity sedors enaldes countriesto raise
per cgpita growth as well.

An Armington trade spedfication amends the neo-clasdcd trade theory. Thisis to explain two-way trade and to
allow for market power to determine trade patterns in the medium run, while dlowing for Hedscher-Ohlin
mechanismsin the longrun



Thisversion d the model consists of 12 regions and eleven sedors. Appendix 1 lists these
sedors and regions together with a mapng to the origina GTAP data, which we useto calibrate
the model.

The scenario results vary because of our different assumptions of the driving forces. These
asumptions are based onthe quditative description o the scenarios in Van Veen-Groot and
Nijkamp (1998) as summarised in Section 2. We spedfy the driving forces of the four scenarios
as input in the modelotquantify economic growth, trade and CO, emissons. Table 3.1 compares
these exogenous trends and variables for all scenarios

The driving forces are eonamy, pditics, techndogy, demographics, resource use, firm
strategies and consumer preferences. Driving forces such as pdlitics, techndogy, and
demographics are diredly or indiredly exogenouws in ou simulation model WorldScan. The
microecnamic variable firm strategies are not present, becaise the model focuses on
maaoeconamic outcomes. Resource use is endogenous ithe nodel, althoughtheadoption o
energy-saving poduction techniques is exogenous. Consumption petterns are endogenodus,
because the dlocation of the consumer budget over the various categories of goods dependson
income per cepita.

Table 3.1 Exogenoustrendsin all scenarios until 2020 (in %)

Scenario Schumpeter Malthus Developing Ecology
Region O N O N (0] N (0] N
Technicd progress 15 20 12 0.7 0.6 20 0.6 0.9
Tedwnicd progressTrade & Transport 20 2.2 16 0.7 0.6 2.3 0.6 0.8
sedor

Popuation growth’ medium scenario United Nations 0.3% in O and1.4%in N

Migration (from N to O) no yes no no
Schoding 0.1 2.8 0.6 21 0.1 28 0.1 2.8
Tradeli ?Hdisation in manufaduring and 100% 100% 100% 0% 0% 100% 50% 50%
services

Trade liberalisation in raw materials and 50% 50% 50% 0% 0% 50% 25% 25%
agriculture’

Capital market integration high standard standard standard
Consumer preferences services thoseinO  services thoseinO, stable  thaseinO  * green’ thosein O,
converge towards but limited prodwcts  but limited
Degreeof competition high standard standard standard

Energy efficiency’ 05 10 05 0.0 0.0 0.0 0.0 20
Energy taxes no no no no no no yes no

O and N are abbreviations for the OECD and nonOECD.
" numbers are average annwal growth rates.
* numbers refer to the breskdown of the original tariff ratesin 1995

One of the most important driving farces for economic growth is technical progress If the speed
of technicd progressis high, economies grow fast, such as in the Schumpeterian scenario for all
courtries, in the Malthusian scenario for the OECD courtries, and the Developing scenario for
non-OECD countries. In cases where regions globalise rapidly, the rate of innovationin the Trade



and Transport’® sedor is even higher. This refleds the idea that sharp falling costs in
transportation and communication benefit trade substantially.

Schoding and labou redlocaion from low to high-productivity sedors aso significantly
contribute 1o growth. The pace of schooling and reallocation is low in the Malthusian sgenari
which is the most devastating for the non-OECD. In this senario people dso migrate to the
OECD at arate of 0.5% of the OECD popuation per year. In terms of the non-OECD population
this isfairly low, but larger inflows would probably lead to social tensions in the OECD.

In al scenarios we combine ébundant growth with increased international links, partly asa
result of trade liberalisation. Tariff eductionsin agriculture and raw materias are limited to 50%,
becuse these levels are very high for some regions, and so far much less progress has leeen mad
in lowering these barriers. Even in the Ecologicd scenario, trade li berali sation takes place aa
modest scde, because regions are willi ng to cooperate on trade pdlicy as they also do on
environmental palicy. The Schumpeterian scenario also contains ahigh degreeof capital market
integration. Moreover, we agsume that the degree of competition is larger than in the other
scenarios (except for Raw Materials). The longterm substitution elasticity between good of
different origin is wice a high as in other scenarios

Becaise per capita incomes rise in the nonOECD, consumption petterns will change.
Consumers will spend relatively more on services and lesson agriculture. This convergenceto
OECD consumption patternsis of course less pronowncel in the Malthusian scenario, in which
the growth rate per capita is low. In the Schumpeterian and Malthusian scenarios, OECD
consumers will aso spend more on services because their per capitaincomesrise. In the Ecology
scenario, all consumerswill save energy in line with their environmental awarerness

In al scenarios with high ecnomic growth, sustainable productionis only possble if energy
efficient techndogies are introduced. For that reason the OECD countries ave 0.5% yealy on
energy per production unt in the Schumpeterian and Malthusian scenarios. In the former
scenario, non-OECD countrieseven save 1% on erergy each year. Due o the quick dissemination
of tedindogy from OECD to nonrOECD courtries, it is relatively easy for the latter to copy
more environmental-friendly policies. In the Ecologicd scererio, theenvironmend awareness
of these courtries is much higher. Production techndogies beamme even 2% more energy-
efficient each year with a much lower dissemination of technology from the OECD. Theefforts
to reduce energy are thus nuch higher.

OECD courtries save lessin the Ecological scerario becase technical progess ismeajre,
which makes it more difficult to implement energy-saving techndogies. Reduction in energy
demandisachieved byintroducing energy taxes. Industrial and transition courtries levy these
taxes acoording to the Kyoto protocol andeven ayree to further reduce the emissons by 1% per
yea after 2010. In the Ecological scenario, industrial and transiti on countries have the possibility
to trade in emission rightsin order to reach emission targets. The other non-OECD countries do
not participate.

*The sector Trade and Transport in WorldScan includes the retail trade, hotels and restaurants, communication costs
and transport (1SIC code 6 and 7). Details can be foundin the description d the database, seeMcDougdll et al.
(1998.



4. Economic growth

This ®dion presents the maaoemnanic results of the four scenarios. The differences can be
traced back to the variation in exogenous trends & discussed in Section 3 We concentrate here
onthe differences in economic growth and the causes of these differences. We aso present shifts
in consumption spending and changes in trade

Schumpeterian scenario

In the Schumpeterian scenario many poor countries partly catch up with the rich countries. Due
to education, population growth, and labour reall ocation from the low-productivity to the high-
productivity sedors, labour is one of the engines of growth (seeFigure 4.1). Moreower, caital
accumulation isfairly important in the developing regions. The liberalisation of capital markets
and the high saving rates in Asia @ntribute substantially to the supdy of capital in the non
OECD. Because of stable schoding levels and the ladk of popuation gowth in the OECD,
tedhndogyis the most inportant contributor to econamic growth.

Non-OECD courtries grow at a per capita rate of 4.7%, while OECD courtries grow on
average at arate of 2.2% per capita(Table4.1). This paintsan ogtimistic picture because only
afew courtries have been able to maintain growth rates of about 4% per cgpitafor two decennia
or more.

The increase in labour productivity in the nonrOECD is aso apparent in Table 4.1. Firstly,
labour redlocaes quite quickly from low-productivity to high-productivity sedors. Secondy,
education levelsincrease (see Table 3.1). The supply of high-skilled labour is much higher than
the average popuation gowth (2.8% compared to 1.446, respedively). Tedhnicd progress
contributes also to econamic growth in the nonrOECD. The high gowth rate of total fador
productivity in the nonrOECD compared to that of the OECD represents technological catching
up.

High productivity growth rates metch rapidly increasing demands from non-OECD countries
The reduction and elimination d trade barriers contributes to this process International
spedalisation becomes nmore and more pronounced during the scenario period in response to the
liberalisation d goods markets and lower transport costs. International trade flourishes, asis
indicated by the substantial increase in the radeto GDP ratio. The OECD spedalises morein
high-skill ed, labour-intensive goods uch as cgpital goods and services. Non-OECD courtries
spedalizein consumer goods, which are low-skill ed labour intensive (see Sedion 6for more
detail s).

Changesin production structure are not orly affeced by gecidisation, but for the greder part
by the general trend towardsthe production of high-skill ed, labou-intensive goods In particular,
consumersin nonrOECD countries change their consumpticaitprns from agricultural goods
towards services. In the OECD this trend also continues but to a moderate extent. This implies
that in spite of spedaisation, norROECD courtries now produce many more services. In this
scenario, the nonrOECD share in world production increased from 22.9% to 41.84. Thisis
remarkable but still far below their sharein total popdation.



Figure 4.1 Growth accounting: average annual contributions of the productive factors
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Malthusian scenario

The lad of a market-oriented environment in most nonOECD courtries in the Malthusian
scenario is extremely harmful to econamic growth. First of all, lessexpenditure on educaion
hampers the growth of high-skilled labour suppy. Although youngr generations are better
educated, on average the progress in schooling is modest. The skilled laboorcegrows at arate
of 2.1%, exceeding population growth by only 0.7% (Table 3.1). In effect it will take nore than
a century to read the arrent education levels in the OECD. As a amnsequence, high-skill ed
labour also contributes lessto econamic growth than in the Schumpeterian scenario as can be
seenin Figure4.1.Moreover, less echnological progressosvs down the widening gap between
high and low productivity sectors. This process hampers labour redlocation, asis evident from
the sizeof theinformal sedor in 2020(Table 4.1).

There is substantial immigration to the OECD. In 2020, poplation in the OECD has
increased by 1®6 due to migration. This also appeas in Figure 4.1, where labou now
contributes o growth in the OECD. Without myiation this isnat the cae. Europe has o cope
with large inflows from Africa, the Middle East and Eastern Europe. Asian migrants tnydo fi
their luck in the United States, Japan, and the Padfic OECD. From the perspedive of OECD
countries, these large flows have nealy no affect on the population in non-OECD countries, but
doule popdation gowth in the OECD.

The restrictions on the markets for cgpital, good and services harm the supply of cepital and
the dissemination of technology. Total fador productivity in the non-OECD regions grows at a
lower pacethan in the OECD, suggesting that the techndogy gap oy widens. Due to the
relative lessabundant suppy of production fadors, the productivity increases are lesssulstantial
than in the Schumpeterian scenario. Moreover, lower economic growth leadsto asmaller increase
in savings, which inits wrn affects inestment negatively (seeTade 4.1).

In spite of the unfavourable market circumstances in non-OECD countries, the macnmgth
rates are higher than in the OECD. Thisreflects the enormous potential of thesmuatries, which
will develop to some extent even when the drcumstances are not beneficial for econamic



development. Per capitagrowth is 2.2%, 0.5% above the average per cgpita growth in the OECD
courtries.

Lessemnamic growth is also refleded in the consumption petterns. In nonrOECD
courtries, the shift away from food towards <rvices is less pronourced than in the
Schumpeterian scenario. This aso implies that the changes in production structure - from
Agriculture to Services - are more limited than in the Schumpeterian scenario.

Table 4.1 Development of macr oeconomic variables between 1995 - 2020

Scenario Schumpeter Malthus Developing Ecology

@) N @) N @) N @) N
average annual growth 1995-2020
GDP growth 2.6 6.2 2.6 3.6 1.2 5.9 1.2 4.0
Sazﬁgm""th per 2.2 4.7 17 2.2 0.8 4.4 0.9 25
employment growth 0.1 3.0 0.6 2.2 0.1 3.0 0.1 2.7
Percentage shares

labour reallocation
(share labour supply)
savingsratio (ratio
national income)
consumption share on

-19.1 -7.9 -18.1 -14.5

17.8 235 17.9 16.6 14.7 24.4 14.9 18.9

77.9 70.6 77.2 65.2 75.7 68.6 75.7 64.9

services

consumption share on 6.5 196 71 17.0 76 134 7.7 16.6
food services

ratioof valueoftrade ., 4 436 105 226 150 255 146 247
to GDP

world share of GDP 584 416 725 275 519 481 632 368

O and N are abbreviations for the OECD and nonOECD.

! Thisincludesintra-regional trade. Growth rates are average anual growth rates between 1995and 2020 Percentage
shares arethe valuesin 202Q

Source WorldScan.

Prosperous eanomic conditions in the OECD and lessprosperous conditions in the non-OEO
also imply that most production till takes place in the OECD. This does hat mean that firms and
/ or capital are not mohile. Within the OECD dl trade barriers ardieninated. Trade within the
OECD isthus stimulated, but not extensvely. This is no sirprise. Theexisting trade larriersare
already fairly low, except for trade in agriculture and ergy. As aconsequence the berfits of
li berali sation are modest. The trade restrictions imposed Ipn-OECD countries hamper trade
significantly. Theratio of trade to GDP becomeseven lower in non-OECD countries during the
simulation period and spedali sation in manufaduring kbecomes less pronounak

Developing Scenario

Thelad of tedhnical progressin the OECD in the Developing scenario has much impact on th
eoonamy, as it is the main contributor to econamic growth in this area Econamic growth is
thereby substantially reduced. Savings and investment are dso reduced duwe to a ladk of
confidencewithin the OECD. As a mnsequence, the growth rates hardly exceal 1% per yea.
The other regions benefit from the increase in labou productivity by schoding and labour
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redl ocation. Table 3.1shows that high-skilled labour supply grows by 2.8% per year andeTabl
4.1 shows that abou 20% of the labour forceredl ocaes from low to high productivity. These
two fadors raise econamic growth by about 2%. Moreower, the variation in labou supply growth
of high-skill ed workers contributes significantly to the differences in growth rates.
Developing courtries cach upconsiderably with developed courtries. Table 4.1 shows that
the difference in GDP per capitais 3.6% per annum. The deviationsin the growth of total factor
productivity are also striking. While, the rate of technological progessis nearly zero in OECD
courtries, nonOECD countries arelale to improve their techndogies at aquick pace
These huge disparities in growth implicate #ig shift in the locaion of poduction. The share
in world production d the nonrOECD douldes from abou 25% to nealy 50%. This is an
enormous reallocation of adivitiesin 25 yearstime. Trade as such does nat increase substantially
compared to GDP. This isthe result of the trade barriers between the OECD and the non-OECD
Consequently the spedali sation pattern is not so pronounceds in the Schumpeterian scenario
where the linkages were increased between regions with dfferent comparative advantages.
Consumption petterns converge rapidly. High gowth in nonOECD courtries increases
consumption expenditures and induces a shift from agricultural goods (income elagticity lessthan
one) to services (income dasticity larger than ore). In 2020,the average consumer will spend
nealy 70% on service goods, whil e the share of agriculture in total consumptionis lowered ¢
abou 10%.

Ecological scenario

Therelative insignificance of econamic growth in the Ecological scenario is illustrated by 0.9%

and 25% GDP growth per capita in the OECD and non-OECD, respectively (see Table 4.2). Th
main reason for low ecnomic growth isthe lack of technical progress. Figure 4.1 showsthat in

the nonOECD, growth is mainly driven by the growth in labou supgy and induced cepital
acawmulation. Labou redlocaion o abou 15% of total labour suppy and hgher educaion
levels push upproductivity. Given the modest economic growth, the size of labour reall ocation
ishigh. Thisreflects the social objectives of the governmentsin non-OECD countries to reduce
poverty by stimulating people to work in the high-productivity sedors.

The stable schoding levels in the OECD imply that capita acaumulation and technicd
progress are solely resporsible for eanamic growth. However, lesstedchnicd progress also
reduces the productivity increases agpital and consequently the accumulation of capital

Lessemnamic growth per cgpita reduces the dhanges in consumer spending. Even in the
OECD, consumers gend relatively more on agriculture and lesson services compared to the
other scenarios. The fad that government pdlicies do nd focus on dobalisation a increasing
linkages is refleded in the trade to GDP ratio (see Table 4.1). The ladk of fast techndogicd
progress n the Trade ad Transport sedor aso contributes © the modesincrease of trade.

Together with low econamic growth, most of the production still t akes placein the OECD.
The shift to norOECD regions ismodest.

5. Energy and Emissions
Schumpeterian scenario
High and persigent economic growth in the Schumpeterian scenario feeds energy demand. Some

of the patential demand is substituted by energy-efficiency improvements in the production
processes of 0.5% and 1% per annum in the OECD courtries, and norOECD courtries
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respedively (seeTable 3.1). Becaise of these energy-efficiency improvements and increasing
pricesin the OECD, emission and energy consumption growth donot accderate. Emissions grow
fast in nonOECD countries, but a aglobal level, emissiongrowth is lessthan 2% peryea. The
total level of emissonsis abou 11.1million kilo tonres of C(arbon). Due to the one-to-one
relation with emissons, the growth rate in emissons exadly replicates the volume growth rate
in energy.

The shift in production adivities from the OECD to the nonOECD implies also a shift in
paluting adivities. Fortunately, by copying the techndogies from the OECD and the energy-
efficiency improvements in the non-OECD, the energy to GDP ratemrdases significantly in
this scenario. But ill these tetniques are not sufficient at al in reversing the énd of increasing
emissons in the OECD. Given high eamnamic growth rates in nonrOECD courtries, rapidly
increasing emisgons seam to be unavoidable. Only very strict environmerta |egislation could
reducethe growth of emissons.

Table 5.1 Development of energy prices and emissions between 1995 - 2020

Scenario Schumpeter Malthus Developing Ecology
(@) N (@) N (0] N (@) N

relative ener gy

(producer) prices’

volume of emissions” 0.8 3.6 11 2.8 0.3 4.6 0.0 14

world share of

emissions (%)

O and N are abbreviations for the OECD and nonOECD.

numbers are average annwal growth rates.
Source WorldScan

15 0.3 0.7 0.2 1.6 -0.1 0.7 0.0

32.7 67.3 384 61.6 254 74.6 40.2 59.8

Malthusian scenario

L ess economic growth in the non-OECD does nat reduce te growth in energyse and emissions
proportiondly in the Malthusian scenario. The reason isthat those countries take fewer measures
to improve energy efficiency, and rew tedindogies are not quickly disseminated. Due to the
unstable pditicd situation and unfavourable economic conditions the reduction of emissionshas
no piority in nonrOECD regions. Energy efficiency does not improve. As a cnsequence, the
differences in emission growth between the OECD and-@&TCD courtries increase strikingly.
This difference of about 2% per year is much larger than the difference in GDP growth of about
1% (see Table 4.1). There are two reasons for this result. In the first place, production processes
in the OECD are drealy more energy-extensive. Seaondy, firms in the OECD are &le to
innovate their technologies in such a way that production processes becspd lleting. The
energy-efficiency improvement is 0.5%per yea.

Developing scenario

The growth in energy and emission vdumes closely foll owsthe economic developments ingh
Developing scenario. Without energy-saving techndogies or environmental legislation, emission
volumes acceerate in the nonOECD regions by nealy 5% per annum. Trade liberali sation
within non-OECD countries and a lagging demand in the OECD exert a downward preseuare
energy prices. Consequently 75% of the emissionsis produced in non-OECD countries Due o
meagre economic growth, emisson growth in the OECD islower than in the scenarios, with high
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growth rates and energy-saving techndoges. In itself this increase is sustainable bl &l ready
high level of emissonsin the devel oped countries together with the huge increase in emissios
in the developing courtries pose alarge burden onthe ewironment. Althoughthe worldwide
growth of emissonsis not much higher than in the Schumpeterian scenario, the environmental
prospeds are more worrisome. High eanamic growth in the Schumpeterian scenario was
combined with energy savings technologiesin the OECD. Thisisnot the s now as non-OECD
courtries, without environmental-friendy technologies, producea larger part of the emissions

Ecological scenario

The Ecological scenario distinguishes itself by a very modeshdrease in the demand for energy

and growth of CO, emissions of 0.8% per yea. Asaresult, total emissions are abou 40% |ower

than in the Developing scenario. In the OECD, emisgons do not even increa. This is caused

by threefadors. First of all, the OECD and transition courtries agreeto reduce the emissons
according to the Kyoto protocol. This scenario assumes that the countries reach these fargetsin
2010.Non-OECD countries do not participate with binding emission targets because the OEC
take the resporsibility for its high abatement levels per capita. Non-OECD courtries limit the
growth of energy demand by energy-efficiency improvements in production and a reduction i
consumer demand. Thisrefledstheir preferences for environmenta quality. Non-OECD regions

do nd prefer strict emisgonlimits as in the Kyoto protocol because it restricts economic growt
too drasticdly. After 2010,the emisgons in the OECD and transition countries are redddey

1% per yea, reflecting the ongoing environmental concernsin this scerario. Asa result, the taxe

on coa in the OECD are about 25% of the consumer price in 202Q and the energy taxes on gas

and oil are about10% of the consumer price. This reduces the demand for energy substantially.

The consumer price for energy rises yealy by 0.46 more over annual growth in the OECD
producer price

Moreover, we assume a 2% per year improvement in energy-efficiency of production in norn
OECD countries. This reflects #ideathat nonOECD courtries copy the more energy-efficien
technol ogies from the industrial countries. It is dso much harder to develop more energy-efficient
technol ogies because technicd progressis much lower. For that reason these improvements are
only passhle in high-growth scenarios guch as the Schumpeterian and Malthusian scenarios.
Finally, consumers reducetheir relative spending onenergy. As aresult, the total energy demand
by the OECD remains stable urtil 2020. The demand in the non-OECD regions rises becaise of
the growth in GDP. Due to energy-saving techndoges the rise in energy demand is very mddes
compared to ather scenarios.

Starting from the Developing scenario, we diminate the differences with the Ecologicd
scenario ore-by-one in order to analyse the relevance of the threefadors, which determine the
difference in emisgon levels. These differences depend above dl on the asumptions made
regarding norOECD regions, in particular in relation to techndogicd progress which drives
econamic growth and energy-efficiency in production

“The various assumptions on trade li berali sation, the paceof labou redl ocaion from the low-
productivity sedors and the deaeasing consumption share on eledricity cancd ead other out.
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Figure5.1 Contributionsto global emission gap in Developing and Ecological scenario

‘ Energy-efficient production ‘

Energy taxses

Economic growth

The global emission level isabout 5.3 million kil o tonnes C lower in the Ecological scenario than

in the Developing scenario. Noticethat in 1995the anisgon level is 6 million kilo tonnes C.

Nealy 90% of the differencein emisson levels can be dtributed to dfferences in ecnamic
growth driven by techndogicd progressand energy-saving productiontechniques. In particular,

these different assumptions are made for non-OECD regions. For the OECD, the introduction

of energy taxes in the Ecological scenario is an important element. However, Figure 5.% show
that on aglobal level, avery strict environmental legidation in the OECD and transition regions

isfar from sufficient for stable global emisson levelsin the scenario period. Only 11% of the
differenceis dueto energy taxes in the OECD antransition courtries.

Summary
The ewironment does not benefit from high econamic growth. In the Schumpeterian and
Malthusian scenario emissons grow substantially but do nd acceerate, due to energy-saving
tedhndogies. Even in these scenarios the annual global emissions grow by about 70% beatwee
1995 and 2020Q In the Ecological scenario, demand for erergy and consequently CO, emissions
are stable due to strict environmental legislation in the OECD between 1995ands 2020.The
global increase in emisgons is abou 20%, which seems very modest given emnamic
development in non-OECD courtries. The growth of emissions in the Developing scenario does
acceerate due to fast growing developing regions. These regions ignore @vironmental quality.
As aresult, emisgons increase by 200%, and the global volume of emissons doules. This
scenario shows that high economic growth and a non-accelerating emission growth is possibl
with sufficient energy-saving technaogies, such as an energy improvement of about 2% per year.
If energy growth is nat allowed at all, econamic growth has to be low, as in the Ecologicd
scenario ar amore strict environmental legislation is necesary.

The differences in emission growth in the non-ecological scenarios are not very pronounced
In these three scenarios emissiorogth is substantial. Whether these increases are sustainable
or naot is hard to tell. Except that the quantitative dfeds of padlution onthe ewironment are
unclea, simulation paths of 25 yeas are relatively short to analyse emisson paths. Therefore
CPB (199%) presents some scererios results for the yea 2050.

14



6. Trade and specialisation

Sedions 4 and 5 rave presented the quantitative results of the four scenarios. These sedions
focussed ony onthe aggregates OECD and non- OECD in order to present the main difference
between the scenarios without providing too much detail. The growth in GDP, consumption and
trade has grea impad on the transport volumes between and within regions. However, the
aggregates ‘OECD’ and ‘non OECD’ are very broad and the simulation results provide much
more regional detail such as developments in GDP and trade for al twelve regions. These
regional differences in GDP are of course very important for the shifts in the locaion o
production. The size and dredion d trade flows are important for transport development and
infrastructure. Therefore this section presents more detailed results on GDP, and trade patterns.

Figure 6.1 pesents the value of GDP for six regions in the four scenarios. The size of these
regions adds up to the whaole world. The total size of the world econamy is largest in the
Schumpeterian scenario (70 trillion US dollars) and about athird lower in the Ecology scenario.
In the Malthusian scenario the United States, Western Europe and the Rest OECD (Japan,
Canada, and Oceania) make up three quarters of the whoe economy, whil e thisis substantially
lower in the Developing scenario. The transition countries (Eastern Europe and Former Soviet
Union) contribute 3-5% to the world econamy, whil e this varies between 14% and 25% for Asia.
In the Developing scenario, relatively many ecnamic adivities take placein Asia while the
absolute size of productionis larger in tle Schumpeterian scenario.

Figure 6.1 Shares of world GDP in 2020
number in parentheses isglobal GDP in trillionUS ddlars

Schumpeter (70.4) Malthus (57.0)

19.8%

28.1%
22.7% 24.4%

15.9%

14.2%
4.0% 22.6% 20.0%

15.0% 2.0% 10.4%

Developing (56.1) Ecology (46.6)

16.9%

21.6%
24.4%

15.4%

5.0%
17.2%

18.9%

18.5% 3.4%

14.5%

D Western Europe - United States D Rest OECD
- Transition countries |:| Rest of the world - Asia
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All scenarios suggest a relative shift in econanic adiviti es from Europe and the United States
to Asia. Production will shift to Asia, but demand will also increasesulstantially. Asa result,
transport to and from Asia will becme more important. This is more pronourced in the
Schumpeterian scenario than in the Ecologicd one.

Transport does not only depend an GDP growth but also on (internationa) trade. Figure 6.2
gives an impression of the trade flowsin 202Q Because regions classified in WorldScan arefairly
large and dften represent continents, trace reflects long-distance trade, often transported by sea
and air. For every region trade volumes are very large in the Schumpeterian scenario; at least
twice & high as in the other scenarios. The underlying reasons are high GDP growth and far-
reading trade liberalisation. In particular, exports from Asia ae very high. The reason is that
Asia benefits more from the dimination d trade barriers than ather regions. In this <enario
exports from the other regions b Asia ae aso very high.

Exports from the OECD increase rapidly compared to GDP growth in the Schumpeterian
scenario. The reasonis that (high-skilled labour-intensive) goods and services from theBDEC
arein gooddemand in therest of theworld, in particular in Asia. If these regionsdo nad grow
as fast such as in the Malthusian scenario, export growth is much lower. In the Ecologicd
scenario, export growth does not exceald GDP growth onaverage. Thisrefledsafavouring d
locd products and the modest efforts made in reducing trade barriers. In the Developing scenari
nonOECD regions, in particular Asia, exports many goods and services. However, less
consumption gowth in the OECD and trade barriers hamper trade to the OECD

Figure 6.2 Export flowsin 2020 (in hllion US ddllars (prices 1995 )
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Western Europe and the Rest OECD trade relatively lesswith eat other. Thisis independent
of the scenario. The reason is that both regions gecialise in similar products: Intermediate and
Capital Goods. The trade relations between the United States and Rest OECD and the United
States and Western Europe ae more intense. The reason is that the United States mainly
spedalises in agriculture and services. For Asia, Western Europe and the United States are
relatively more important than the Rest OECD.

These observations are valid in al scenarios. The trade relations with the Rest of the Wbrl
and Asiadiffer in importance in the scenarios. In the Schumpeterian scenarios trade flourishes
Alsointhe Ecologicd scenario trade with these regionsisrelatively more important. However,
if trade between OECD and non-OECD regions is hampered, intra OECD and intra non-OECD
trade flourishes.

Trade only flourishes if all countries reduce their trade barriers. Because OECD coungies ar
endowed with high-skill ed labour and capital and non-OECD countries are endowed with low-
skilled labour, specidisation will increase if trade barriers between these regions are reduced or
even eliminated. Thisisthe cae in the Schumpeterian scenario. The various OECD courtries
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have similar endowments of high-skill ed labour and capital. Non-OECD courtries look aike
with respect to low-skill ed labour. Therefore specidi sation within the OECD or nonrOECD wil |
not be & pronourced as between OECD and norOECD courtries - given the level of
aggregation in the model. The trade to GDP ratios is thus fairly low in the Mathusian and
Developing scenario. Except for trade liberalisation, the high trade to GDP ratio in the
Schumpeterian scenario depends also ona higher degree of international competition die to
higher substitution elasticity in this scerario.

Except for the volume of exports, it isalso interesting to analyse the composition of exports
inthe various regions. Table 6.1 presents some materia on this. It only shows the results for the
Schumpeterian scenario, becaise the pattern is the same for al scenarios. The size of sedoral
export differsin the scenarios, but not the export pattern. In a globalisation scenario such asthe
Schumpeterian one, the differences between sectors are a bit larger than in other scenarios, due
to far-going spedali sation.

Thereduction of import tariffsand export subsidiesin the sector Agriculture berfits the land
abundant and efficient producing regions. Examples are the United States and Rest OECD
(Australia and Canada). Their exports towards Western Europe, and Asia drive many farmers
from the mearkets in these regions.

Asia specialisesin the production of Consumer Goods. In particular, the rise of South Asia
& Rest isastonishing. All other regions lose their markets sares in this sector, but theeffeds for
the trangition countries are the biggest. They shift to (tradable) Services at the expense of Wester
Europe and Japar.Western Europecompensates tis lossby exporting more Capital Goods. The
export of Capital Goodsis still very important in Rest of the OECD. Moreover, both countries
export relatively more Intermediate Goodk.

The size of the shiftsin the export compasition is much larger than in the other scenarios.
Thisistheimpact of the higher substitution elasticity in demand, which enforces competition at
the international goods and services markets

The totals for the world indicate that particular trade in manufacturing will increase. This
is not surprising, kecause the initial import tariffs are higher than in services (natice that we
negled the nontariff barriers here). Moreover agriculture and raw materials become less
important in final consumption and intermediate use, respectively. The reasons are low-incone
elasticity for agriculture and food, and the shift to more energy-efficient techndogies.

Table 6.1 Average growth of sectoral exportsin Schumpeterian scenario 1995 - 2020

Raw Consumer |Intermediat Capital

country AEEUInE Materials Goods e Goods Goods SeiEEs
Western Europe 34 4,3 57 8,2 6,0 39
United States 7,5 58 52 6,0 50 6,0
Rest OECD 58 3,8 47 74 4,8 2,8
Transition countries 45 18 3,6 6,4 6,4 7,2
Asia 32 5,6 12,4 10,2 10,6 79
Rest of World 4,8 3,0 7,3 8,1 9,5 7,5
World 52 3,6 9,0 79 7,2 6,0

source WorldScan resullts.
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7. Summary and conclusions

This paper presents the quantitative féeds of four scenarios which are designed for areseach
project which analyses the effects of globalisation on (international) trangport and consequently
on the ewironment. We only present the e@namic outcomes of the scenarios. Ubbels et al.
(2000 will use these results to quantify the demand for transport in the various <enarios and
Olsthoarn (2000 will concentrate on emisgons of international transport. We use our applied
general equili brium model WorldScan to quantify these sererios

In the Schumpeterian world, techndogicd progressdrives high econamic growth in the
whale world. Governments in the OECD and norOECD regions pursue market-oriented and
liberal pdlicies, such that trade and businessflourish. Globali sation is the bottom-line in this
scenario. In the Malthusian scenario non-OECD courtries canna catch upwith OECD. Social
and paliticd tensionsin the former countries do nat lead to open markets and prudentinvestment
palicies. Because of the increasing gap in wedth between the OECD and norOECD many
people migrate to the OECD. T#Developing scenario assumes that developing countries catch
up with the devel oped ones. Market-oriented and investment padlicies in the nonOECD lead to
high gowth rates, but the ladk of cooperation within the OECD reduces the e@namic
performance of the latter ones. However, courtries do nd focus on the ewironment.
Environmental isaues are, however, the primary concern in the Ecological scenario. People value
the ewironment and well-being. For that reason, techndogicd innovations are focussed on
energy-efficiency, and lesson econamic growth.

An important driving force for economic growth istechnicd progress. Fast technical progress
pushes eanamic growth as is the cae in the OECD regions in the Schumpeterian and
Malthusian scenarios, and for the nonOECD regions in the Schumpeterian and Developing
scenarios. In high-growth scenarios, GDP per capitain 2020is abou 70% and 20@% higher in
OECD and norOECD regions, respedively, while it is 20% and 80%, respedively, in low-
growth scenarios. The differencesin GDP levels between the scenarios are thus substantial, in
particular for the nonrOECD regions. Schoding and labou redlocaion from low to high
productivity sedors also contribute significantly to growth in the latter regions. The pace of
schoding and redlocation is low in the most unfavourable scenario for the nonOECD: the
Malthusian scenario. Here people dso migrate to the OECD at a paceof 0.5% of the OECD
popuation per yea. In terms of the nonrOECD popuationthis isless ttan 0.1% per yea.

High econamic growth leals to increasing wedth and capital acawmulation. Both saving
ratios and investment ratios are positively correlated with GDP growth rates. Savings rates in the
OECD are generadly lower than in the nonrOECD. This is partly due to slowing popuiation
growth in the OECD, and partly to techndogicd caching-up in the nonOECD. As incomes pe
cgoitarise, consumption petterns change. Consumers spend relaively more nmoney on services
and less on agriculture. The shifts in consumption patterns aredaror the developing regions
where initially spending onAgriculture and Foodisreldively high. Theseshifts are of course
less pronourted in the Mathusian scenario, in which growth per cepita is low. In the
Schumpeterian and Malthusian scenarios, consumers from the OECD regions will also spend
more on services because their incomes rise. In the Ecology scenario, all consumers will shift
away from energy-intensive consumption.

In the Schumpeterian scenario we combine high growth with increased international linkages,
and consequently trade li berali sation. Spedali sationwill increag if the karriers o trade between
OECD and non-OECD regions are reduced or even eliminated, because the OE@2<anen
endowed with high-skilled labour and capital, and ron-OECD countries are enxdowed with low-
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skill ed labour. The differencesin comparative advantage letween the OECD and the nonOECD
are much larger than within the OECD or non OECD only. Therefore, trade liberali sation within
only the OECD asin the Mathusian scenario or only within the non-OECD asin the Developing
scenario, has much lesseffed on gecidisation than in the Schumpeterian scenario. The trade
to GDP ratios are much lower in the Malthusian and Developing scenario than in the
Schumpeterian scenario. Due to partial trade liberalisation for al regions in the Ecologicd
scenario this ratio is higher than in the Malthusian scenario. The demand for international
transport follows these trade patterns. It is high ie Bchumpeterian scenario and much lower
in the other scenarios.

High eamnomic growth stimulates the demand for energy and therefore the emissionsof CO,.
Without environmental legislation or energy-saving production techniquesemissionsgrow very
fast asis the caein the Developing scenario. Emissions double until 2020. In the other scenarios
energy-saving tecdhniques are introduced. In the Schumpeterian and Malthusian scenarios global
emisgons gill i ncrease by 70%. In the OECD energy intensity deaeases at an annual rate of
0.5% in those scenarios. Non-OECD courtries save even 2% on erergy in the Ecological scerario
per year, and 1% in the Schumpeterian scenario. The OECD countries do not change their enegy
intensity in the latter scenario. Because tedhnicd progressis modest, it is fairly difficult to
implement energy-saving techndogies. A reduction in energy demand can be readed by
introducing energy taxes. The OECD courtries and transition courtries levy these taxes
acoording to the targets in the Kyoto protocol for 2010 and reduce the emissons by 1% per yea
after 2010.In the Ecologicd scenario, industrial and transition courtries trade in emissonrights
in order to reach the emission targets. Theworldwide increase in CO, of about 20% is completely
emitted in the non-OECD.

From the comparison d the anisson levels in the Developing and Ecologicd scenario it
foll ows that mainly modest econamic growth and energy-saving techna ogies contribute © lower
emissons of abou 5.3 million kilo tonres C in the latter scenario. For the OECD the strict
environmental legidation is also an important element. On a global level, however, strict
legislationin these regions isfar from sufficient to read stable emissonlevels in 2020.
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Appendix Regional and sectoral concordancesfor WorldScan

1 United States 1 Agriculture and food podudion
2 Japan Peddy rice Whed, Grains, Cered Grains, Non
grain crops, Vegetables, Oil seals, Sugar cane
Plant-based fibres, Crops, Bovine cattle, Animal
products, Raw milk,, Wool, Forestry, Fisheries,
Processed rice, Med products, Vegetable Qil s,
Dairy products, Sugar, Other food prodLcts,
Beverages and tobac®
3 Western Europe 2 Consumer Goods
United Kingdam, Germany, Denmark, Sweden, Textil es, Weaing apparels, Leaher etc, Wood
Finland, Rest of European Union, EFTA products, Chemicd, rubbers and plastics
4  Padfic OECD 3 Intermediate Goods
5 Eastern Europe Pulp paper, Petroleum and cal refinery,
Nonmetalli c minerals, Ferrous metals, Nonferrous
metals
6 Former Soviet Union 4  Capital Goods
7 Middle East and North Africa Fabricated metal products, Transport industries
Machinery and equipment, Eledronic equipment
Motor vehicles and parts, Rest of manufaduring
Turkey, Rest of Middle East, Morocco, Rest of 5 Services

North Africa
8 Sub-Saharan Africa Gas manufacture and distribution, Water,
Construction, Financial, businessand reaedional
services, Public administration, edwcaion and

hedth, Dwelli ngs

South African Customs Union, Rest of Southern 6 TradeandTransport
Africa, Rest of Sub-Saharan Africa
9 LatinAmerica 7 Eledricity
Central Americaand Carribean, Mexico, 8 OQil
Argentina, Brazl, Chile, Uruguay, Venezauela,
Colombia, Rest of South America
10 China 9 Naturd gas
China, HongKong 10 Cod
11 South East Asia 11 Other Raw Materias
RepuHic of Korea Indoresia, Malaysia, minerals

Phili ppines, Singapore, Thailand, Taiwan, Vietnam
South Asia & Rest

India, Sri Lanka, Rest of South Asia, Rest of the
World

12

Data

WorldScan has been cdibrated onthe GTAP database, see McDougall et al. (1998. The
cdibration yea is 1995.From this data base we derive not only demand, production and trade
patterns, but also labour and capital intensity of the various sedors.

The dataand projedionsfor population sizeand labour suppy arefrom various sources. The
United Nations (1995 provide demographic projedions until 2050.The ILO (1996 provides
projedion rates on participation rates until 2010. We extrapolate the regiona trends in
participation rates between 1950and 2010to 2050. The data for the supply of low-skill ed and
high-skilled workers at aregiond level have be@ taken from Ahuyaand Filmer (1995. Workers
arelabell ed high-skill ed when they have comdeted semndary edicaion a ahigher level. Ahua
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and Filmer provide projedions for many developing courtries. We ladk projedions for the
OECD, Eastern Europe and the Former Soviet Union. Therefore we use theBarro and Lee (1996)
data on education. We derive atrend between OECD and non-OECD regionsbetween 1960 and
1990 and extrapalate this trend unil 2050. The data on the size of the informal sedor are
obtained from the WorldBank (1995 and the ILO (1998. The IEA (1997) provides data on
energy volumes and emisgons for the base yea 1995.

Substitution elasticities
The results of the model depend also on the substitution pashilities in  production and
consumption. The production possbiliti esare described by a ested CES function. The upger
level distingushes between value added ad intermediate goods The dadicity between these
two broad categories is 0.8. At the lower level value added is described by Cobb-Doudas
function of the primary productive fadors: captal, low-skilled labourand high-skilled labour.
The intermediate goods are described by a nested CES function with a substitution elasticity of
0.8. Thefirst nest isa CES function which includes energy and raw materials such as Qil, Coal,
Natura Gas, Electricity and other Raw Materids. The substitution easticity between these inputs
1S2.0.The seaond nest is also a CES function with again a substitution elasticity of 0.8. which
includes the other intermediate inputs.” The utility function, from which demand for different
consumption categoriesis derived, has been given a Cobb-Douglas ecification. The substitution
elasticity between any pair of consumption categories istherefore unity

Traded, foreign good are nat perfed substitutes for domestic goods, and this also affeds the
outcome of simulations. The substitution ketween good from different origin is not perfed.
WorldScan employs an Armington-type assumption. However, the price elasticiti es of demand
considerably increase over time. The model employs different assumptions for Raw Materials,
Agriculture, Manufaduring and Services. The long-run substitution éasticities in the benchmér
ceseare 17, 13, 7 1ad 5respedively.

*In case of the sedor Eledricity, the input Eledricity isa part of the nest with other Intemedate inputs instead of
the nest consisting of Energy and Raw materials.
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