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Abstrad
This paper presents two scenarios smulated with the goplied general equili brium model WorldScan.
The scenarios are mnstructed to study the dfeds of globali zation onenvironment quality and
environmental palicies. WorldScan quantifies the e@namic content of the scenarios and the volume
growth of energy and emissons between 1995and 2020.t shows that trade & such dces not affed
the volume of emissons except for technd ogy spill overs. However, trade li berali zation aff eds
significantly the cabonle&kage of implementing environmental paliciesin the Annex-1 regions to
the non Annex-1 regions.



1. I ntroductiont

Globalizationis an orgoing trend. Although the arrent econamic aisis may raise some doults on
the benefits of globalizationin some developing courtries, globalizationis dill seen as a prerequisite
for further development. Globali zation can be interpreted as the growing econamic interdependence
of courtries world-wide through the increasing volume and variety of cross-border transadionsin
goods and services and d international cagpital flows and also through the more rapid and widespread
diffusion d techndogy. It aff eds trade patterns, capital flows andlocaion choices of firmsat a
regional and global level. It could raise e@namic growth of developing regions substantialy, leading
to adrastic shift of production adiviti es to these courtries. Moreover, increasing linkages between
regions could affed the diseemination d new tedhndogies and consumer preferences.

All these dfeds of the globalization processcould have an impad on global environmental
quality. Globalization aff eds environmental quality by theincrease in production, the shiftsin the
compasition and locaion d production and consumption adiviti es, other techndogy paths, and
different product mixes (Jones, 1997. This paper aimsto identify those dements of the globali zation
processwhich affeds environmental quality, measured by CO, emisdons, substantially.

Besides the dfeds on environmental quality, globali zation also influences the dfediveness
of environmental padicy. If theindustrial and transition courtries (also cdled the Annex-1) want to
pursue emisgon limits, their eff orts would have to be more intense if econamic growth is higher due
to globali zation. Moreover, if developing courtries catch upalarger share of CO, will be emitted by
thase wurtries such that environmental palicy of the Annex-1 courtriesis lesseffedive on aglobal
level. These pdicies are dso lesseffedive becaise energy-intensive producing firms can escape
environmental legislationin the Annex-1 courtries more eaily by shifting their productionto non
Annex-1 courtriesin aglobalizing world. The analysis of these pdlicy effedsisthe sescondaim of
this paper.

We analyse the dfeds of globali zation onenvironmental quality and the sustainability of
environmental objedives using two scenarios. Scenario oreis charaderised by globali zation.
Scenario two is charaderised by low growth and aladk of further globali zation, say abusinessas-
usual scenario. Both are cmparable to the High and Low Growth scenario of the OECD in their
study on globalization and the dfedsfor the OECD (1997). We devel op those diverging scenarios to
study the impad of globali zation onenvironment urtil 2020.

The quantitative dfeds of both scenarios areiill ustrated by WorldScan. Thisis an applied
general equili brium model for the world econamy. It focusses on econamic growth in the long run
and trade patterns between the twelve regions in the model, see &so Sedion 2.For that reason
WorldScan is agoodtod to analyse scenarios which focus on globali zation. Moreover, it categories
several sedors among which are energy sedors such asoil, gas and coal, and energy-intensive and
energy-extensive sedors. As a @nsequence, maaoecnamic analyses can be combined with
environmental palicies.

The eanmphasiswill belaid onthe growth in energy and emissonsin bah scenarios. Starting
from the low growth scenario, we introduce one-by-one the charaderistics of globali zation process
mentioned above. Sedion 3 pesents the e@namic outcomes of both scenarios. We compare the
outcomes of these simulations in terms of emisgon growth. This enables us to identify the
charaderistics of the globali zation processwhich contribute heavily to emisson growth. Sedion 4
showsthat trade liberali zation as such dees not affead CO, emisdonsdrasticdly asisalso discussed
by Jones (1997 and ahers. However, faster productivity growth in mainly developing courtries
induced by among others techndogy spill overs aff ed the volume of emisgons heavily. The
simulations show that tedindogy spill overs are for the greaer part resporsible for theincreasein

This paper benefitted from discussons with Hans Timmer.
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emissons dueto globali zation if these ae direded at productivity growth and nd at energy
efficiency. Shiftsin the consumption petters from Foodand Agriculture to services does nealy not
affed the volume of emisgons just as cgpital market integration has nealy no effed.

Moreover, we introduce ewironmental padlicies necessary to read the Kyoto targetsin bah
scenarios to study the dfeds of globali zation onthese pdlicies. Thisanaysisiscaried ou in Sedion
5. Whether or nat globali zation accurs, the emnamic efeds of introducing environmental legislation
to olktain the amisgontargets are abou 0.5% of GDPin 2020for the industrial courtries. These
effeds are larger for the transition courtries. The unil ateral energy taxes are significantly higher in
the globali zation scenario. However, the df eds on GDP are limited. Environmental |egislation by the
Annex- 1 courtriesislesseffedive in a globalizing world. First of all, those wurtries prodwce a
small er share of global emissons duch that the impaa of legislation d global emisgonsis much
lower. Second,the analysis ows that the shift from energy-intensive industries to the non Annex-a
courtriesis much larger in aglobali zing world. In particular, the bre&kdown of import tariff
contributes much to this sift. Due to these so cdl ed carbonledage dfeds, environmental palicy in
the Annex-1 courtries is much lesseffedive. So, although trade liberdli zation as such dees not affed
the level of emissons ggnificantly, itsimpaa onthe dfedivenessof environmental pdlicy is
substantial. Sedion 6elaborates on this conclusion and summarizes sme of the main results.

2.  WorldScan: aglobal applied general equilibrium model?

WorldScan has been developed to construct scenarios. To avoid extrapolation d current trends or
mere reprodiction d the aurrent situation, WorldScan reli es on the neoclasdcd theories of growth
andinternational trade. Changes in econamic growth and international spedalization petterns evolve
from changesin (relative) endovments. The enphasis onthe long run also manifestsitself in the
broad definition o sedors. WorldScan dstinguishes 11 sedors. Thisisarelatively small number
compared to ather AGE models. Over along period d two decales or more the charader of products
and kranches of industry change drasticdly. Current statisticad definitions of products and kranches
of indwstry are likely to become irrelevant at the end o scenario period. For this reason, WorldScan
uses broad aggregates.

The standard neoclasscd theory of growth dstinguishes threefadors to explain changesin
production: the acumulation d physicd capital, labouwr, and a fixed techndogy trend. WorldScan
augments the simple growth model in threeways. First, WorldScan all ows overall techndogy to
differ acosscourtries. It also takes up the related ideathat developing courtries can catch up quickly
by adopting foreign state-of-the-art techndogies. Second, the model distinguishes two types of
labour: high-skill ed and low-skill ed labour. Sedors diff er acwrding to the intensity with which they
use high-skill ed and low-skill ed labouwr. Countries can raise per capita growth by schoding and
training the labou force Third, in developing courtries part of the labour forceworks in low-
productivity seaors. In these sedors workers do nd have accssto capital and techndogy.
Redlocaion d labou from the low-productivity sedors to the high-productivity sedors enables
courtriesto raise per cagpita growth aswell. In principle, al these threefadors aff ed the performance
of aregion orly temporarily. Catching-up, training of low-skill ed workers and redl ocating labour to
the high-productivity seador do nd raise the growth rate indefinitely. Nevertheless they are
important. Adjustments in the e@namies of developing regions take agrea ded of time and will
surely show upin the growth rates of these regionsin the period under consideration.

The model is described extensively in CPB (199%).
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Box 1 WorldScan, a global general equilibrium model

At the heat of WorldScan are the neoclasdcd theories of econamic growth and international trade. The
core of the model is extended to add redism to scenarios. In ddng so, we am at bridging the gap between
acalemic and pdicy discussons. The extensionsinclude:

- an Armington trade spedfication, explaining two-way trade and all owing market power to
determine trade patterns in the medium run, while dl owing Hedkscher-Ohlin medhanismsin the
long run;

- imperfed financial capital mohility;

- consumption petterns depending upon per capitaincome, and developing towards a universal
pattern;

- a Lewis-type low-productivity sedor in developing regions, from which the high-productivity
sedor can draw labour, enabling high growth for along period.

The model distinguishes the foll owing regions, sedors and productive fadors (see gpendix for a detail ed,
regional and sedoral classfication):

Regions Sectors Productive factors
United States Agriculture Primary inputs
Western Europe Services Low-skill ed labour
Japan Trade and Transport High-skill ed labour
Rest of the OECD Eledricity Capital

Eastern Europe Intermediate goods (fixed faaor)
Former Soviet Union Consumer goods

Midde East and North Africa Capital goods I nter mediate inputs
Sub-Saharan Africa QOil fromal sedors
Latin America Natural Gas

China Cod

South-East Asia Other Raw Materials

South Asia & Rest

Education andredlocaion d workers not only explain the performance of developing
courtries, but also affed spedalization petterns. Workersin the informal, low-productivity sedor are
predominantly low-skill ed. When more workers find employment in the high-productivity sedors, the
(relative) wage of low-skill ed workers fall s and mainly sedors that intensively employ low-skill ed
workers expand. These regions will spedali ze further in sedors which make alot of use of the
relative ddundant fador: low-skill ed labour. Obviously, educdion has an oppaite dfed. Low-skill ed
labour will become relatively more scarce and shifts production to sedors which intensively use
high-skill ed labour. Either effed can daminate. Thisis aso refleded in the relative wages of high
and low-skill ed. In some developing courtries wages of low-skill ed workers lag behind the wage of
high-skill ed workers, whereasin ather regions the skill premium deaeases.

Sedorsin WorldScan have diff erent fador requirements. For a given sedor these fador
requirements are more or less $milar acossregions. This means that if asedor isrelatively capita
intensive in ore region, it isalso relatively cepita intensive in ather regions. Agriculture (including
food pocessng) and Consumer Goods employ relatively few high-skill ed workers, whereas Capital
Goodks, Eledricity, Trade and Transport and Services (including the government) absorb many high-
skill ed workers. Sedoral restructuring can easily be linked to changesin relative endovments and
changesin (region-spedfic) demand petterns. This also hdds because in WorldScan substitution
elasticiti es between damestic and foreign goods are believed to be high in thelong run, at least much
higher than in the short run. All goods are tradable, athowgh trade in servicesis much lower than in
manufaduring and raw materials.



Except for different fador inpus, sedorsvary also is me other respeds. The sedors
Capital Goods and Services are the supdiers of investment goods and the secors, Oil, Coal, Gas and
other Raw Materials only produceintermediate outputs. Consumer demand for eledricity also
includes demand for other energy cariers. This assumption is made becaise nealy al demand for
Raw materialsisintermediary demand.

Data
WorldScan has been cdibrated onthe GTAP database, seeMc¢ Dougall et all. (1998. The cdibration
yea is 1995.From this data base we derive not only demand, groduction and trade patterns, bu also
labour and capital intensity of the various ®dors. The sedoral clasdficaionacmrding to skill
intensity is broadly corred, but the predse diff erences could very well change, when better data
become avail able.

The data and projedions for popuation size and labour suppy are from various sources. The
United Nations (1995 provide demographic projedions. The ILO (1996 provides projedion rates on
participation rates urtil 2010.We extrapa ate the regional trendsin participation rates between 1950
and 2010to 2020.The data for the suppy of low-skill ed and hgh-skill ed workers at aregional |evel
have been taken from Ahuja and Filmer (1995. Workers are labell ed high-skill ed when they have
completed secondary educaion a ahigher level. Ahuja and Fil mer provide projedions for many
developing courtries. We ladk projedions for the OECD, Eastern Europe and the Former Soviet
Union. Therefore we use the Barro and Lee (1996 data on education. We derive atrend between
OECD and norOECD regions between 1960and 1990and extrapalate this trend urtil 2020.The
dataonthe size of the informal sedor are obtained from the WorldBank (1995 andthe ILO (1998.
The IEA (1997 provides data on energy volumes and emissons for the base year, 1995.

Substitution elasticities

The results of the model depend also onthe substitution paghiliti esin production and consumption.
The production pashiliti es are described by a nested CES function. The upper level distinguishes
between value added and intermediate goods. The dasticity between these two kroad categoriesis
0.8.At the lower level value added is described by Cobb-Douglas function d the primary productive
fadors: capital, low-skill ed labour and hgh-skill ed labour. The intermediate goods are described by a
nested CES function with a substitution elasticity of 0.8. Thefirst nest isa CES functionwhich
includes energy and raw materials such as Qil, Petrol, Natural Gas, Eledricity and aher Raw
Materials. The substitution elasticity between these inpusis2.0. The second rest isalso aCES
function with again a substitution elasticity of 0.8.which includes the other intermediate inpus.® The
utility function, from which demand for diff erent consumption caegoriesis derived, has been given a
Cobb-Douglas gedfication. The substitution elasticity between any pair of consumption caegories
therefore is unity.

Traded, foreign goods are nat perfed substitutes for domestic goods, and this also aff eds the
outcome of simulations. The substitution ketween goods from different origin is not perfed.
WorldScan employs an Armington-type assumption. However, the price éasticiti es of demand
considerably increase over time. The model employs diff erent assumptions for raw materials,
Agriculture, Manufaduring and Services. The long-run substitution elasticiti es in the benchmark case
are9, 9, 7and 5respedively.

*In case of the sedor Eledricity, theinpu Eledricity is apart of the nest with ather
Intermediate inputs instead of the nest consisting of Energy and Raw materials.
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3. The Low Growth and High Growth scenarios

This dion presents two scenarios. a High Growth scenario and a Low Growth scenario. The former
isaglobalization scenario. It is optimistic on econamic progressin developed and developing
regions. It emphasizes globali zation tendencies and market-oriented pdiciesin the world econamy.
The latter is abusinessas usual scenario. Both are &in to the High Growth and Low Growth
scenario, which CPB and OECD constructed for their coll aborative study on globali zation and the
consequences for the OECD courtries (OECD, 1997.*

The ideaof the High Growth scenario is that when developing courtries grow fast or start to
grow rapidly, the linkages between the OECD and the nonrOECD courtries intensify. Fast
development outside the OECD area and complete liberali zation o goods and capital markets
produce doser econamic integration d rich and poo courtries. More generaly, the scenario
extrapolates and probably exaggerates the aurrent globali zation tendencies. We compare the results
of this scenario with aLow Growth scenario to consider the impad of globali zation. This sdion
presents the e@namic diff erences between bah scenarios whil e Sedion 4focusses onthe dfeds of
globali zation onthe environment

We introduce aglobalization and a businessas usua scenario because the diff erences
between bah stressthe li nkages between regionsin particular between developed and devel oping
regions. Theties between the regions are fairly close in the High Growth scenario. As a consequence,
the spill over eff eds between the regions are large. These spill overs aff ed also the anourt of carbon
leskage to the nonAnnex-1 courtriesinduced by the agreementsin the Kyoto protocol. Carbon
ledkage results from emisgon limitsin the Annex-1 courtries, becaise energy-intensive production
processes dift to the nonAnnex-1 courtries.

We do nd want to suggest that one scenario is more plausible than the other. We only use
these scenarios to ill ustrate the impaa of globali zation. Because of the intensified li nkages between
regionsin this senario, it fitsthat purpose fairly well .

To attain and sustain high growth rates, developing courtries shoud pursue sound danestic palicies.
Courtries that do nd creae favourable conditions for market-based development, are likely to fail .
Governments must also promote or at least not discourage (private) savings, invest in pubdic
infrastructure and human capital and at the same time try to control or even curb fiscd deficits and
pubic debt. Finally, developing econamies must open upto allow foreign goods and foreign
investment. Liberalising trade of goods, services and capital all ows courtriesto spedali se, exploit
eonamies of scde and creae ampetition. Moreover, open markets gimulate the disemination o
modern techndogies in the developing regions.

In the High Growth scenario, trade li berali zation applies globally. Whereas barriersto trade
in manufaduring goods are dready low, agricultureis dill heavily proteded. Mainly developing
courtries benefit from liberali zation in agriculture.

One of the most important driving forces for econamic growth istednicd progress If the speed of
technicd progressis high, econamies grow fast, such asin the High Growth scenario. The rate of
technicd progressis 0.5to0 1% per yea higher than in the Low Growth scenario. The rate of
innovationin the Trade and Transport sedor is higher than average technicd progressin the High
Growth scenario. Thisrefleds the ideathat sharp falli ng costs in transportation and communication

“The Globalization scenario is also akin to the Schumpeterian scenario in our projed Globalization,
International Transport and the Global Environment, which focuses onthe dfed of globalization onthe global
environment induced by trade, seeCPB (19991, en Van Veen-Groat and Nijkamp (1998. The Low Growth
scenario is comparable to the Ecologicd scenario in that projed, except for the assumptions made on
environmental padlicy in the latter scenario.



benefit trade substantially. Tradeis aso stimulated by the bregkdown o tariff barriers. Moreover
capital markets are further liberali sed in the High Growth scenario.

Because per cgpitaincomes rise in the non-OECD, the cnsumption petterns will change.
Consumers will spend relative more money on Services and lesson Agriculture, asisthe caein the
OECD courtries. This convergenceto the OECD consumption petternis of course lesspronourced in
the Low Growth scenario, in which the per capita growth rateis low.

Table3.1 Exogenoustrendsin all scenarios (in %)
Scenario Low Growth High Growth
Region OECD nonOECD OECD nonOECD
Tedhnicd progress(annual) 1.0 0.9 15 2.1
Tedhnicd progressTrade & Transport (annual) 1.1 0.8 2.1 2.7
Popuation growth (annual) medium scenario UN 0.3 1.4 0.3 1.4
Schoding (annual) 0.1 2.8 0.1 2.8
Trade liberalization 0% 0% 100% 100%
Degreeof capital market integration stable increasing
Consumer preferences convergencetowards bit to services bhit to OECD services to OECD

growth

In the High Growth scenario many poar courtries catch up,though nd completely, with rich
courtries. Due to educaion, popuation growth, and labou redl ocation from the low-prodictivity to
the high-productivity sedors, labour is one of the engines for growth, seeFigure 3.1.

Figure3.1 Growth accounting
annual contributions of the productive fadors 19962020.
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Moreover, cgpital acaumulationisfairly important in the developing regions. The liberali zation d



cgpital markets and the high savings rates in the Rest of the world, in particular Asia, contribute
substantially to the suppy of cepital in the nonOECD. Because of the ladk of popuation growth and
stable schoding levelsin the OECD, techndogy is the most important contributor to econamic
growth. Techndogy is also important for the transition courtriesin order to reform the inefficient
production processes inherited from the communist past.

The differences in growth between bah scenarios are mainly due to differencesin
techndogicd progressand extra cagital acamulationinduced by the increase in TFP. Compared to
the low growth scenario, the average growth rate of techndogy is abou 0.5% per yea larger for the
OECD regionsin the High Growth scenario and about 1.0% per yea in for the other regions.

Redl ocaion from labour to the high-productivity sedorsis aso higher in the High Growth scenario,
becaise wages in these sedorsrise faster.

Non-OECD courtries grow at a per capitarate of 4.2% in the latter scenario, while OECD courtries
grow on average with arate of 2.2% per capita (Figure 3.2). Thisa an optimistic scenario, becaise
only afew courtries have been able to maintain growth rates of about 4% per capitafor two decennia
or more. At aglobal level the increase in income per capitaislower. Thisis caused by the popuation
increase in the non-OECD, where the income levels per cgpita ae much lower than in the OECD.

Figure3.2 Annual growth per capita
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Theincrease in labou productivity is also apparent in Table 3.2. First, labou redl ocaes
quickly from the low-prodictive sedors to the high-productivity sedorsin the High Growth scenario.
The size of labour redl ocationin terms of labou supdy istwice & large. Second,education levels
will i ncrease. The supdy of high-skill ed labour is much higher than average popuation growth (2.8%
compared to 1.4%, respedively, seeTable 3.1). Technicd progresscontributes also to econamic
growth in the nonrOECD. The opening of goods and capital markets fadlit ates the disemination o
western technd ogies to the nonOECD courtries in the High Growth scenario. Together with sound
market-oriented pdicies and government investment, productivity rates will be pushed upwvardsin
these aurtries. The high growth rate for total fador productivity in the nonrOECD compared to the
one in the OECD represents techndogicd caching up.



Table3.2 Aggregated percentage sharesin 1995 and 2020 in both scenarios

OECD nonOECD
yea 1995 low high 1995 low high
informal sedor (share labour supdy)* 6.9 6.9 6.9 50.1 40.9 31.6
savingsratio (ratio nat. income) 20.6 16.7 17.6 24.2 23.5 32.7
ratio of value of trade to GDP? 11.0 12.4 21.7 24.8 22.9 39.0
share of foodin total consumption 9.6 7.9 7.6 26.0 19.7 16.3
share of servicesin total consumption  74.3 75.6 75.8 54.0 61.4 65.3
sharein world GDP 77.1 68.3 61.0 22.9 31.7 39.0

'For the OECD courtries, this is the unemployment rate.
2 Thisincludes intra-regional trade.

High productivity growth rates match rapidly increasing demand from the nonrOECD
courtries. The reduction and elimination d trade barriers contributes to this process International
spedalization becomes more and more pronourced during the scenario periodin resporse to the
liberalization d goods markets and lower transport costs. International trade flourishes asisindicated
by the substantial increase in the trade to GDP ratio in the High Growth scenario. The OECD
spedalizesrelatively more in high-skill ed labour-intensive goods auch as Capital goods and Services.
Non-OECD courtries gedalize in Consumer goods which are low-skill ed labour intensive.

The spedali zation pettern is abit hidden by the general trend towards the production d high-
skill ed labour-intensive goods. In particular, consumersin the nonrOECD courtries change their
consumption patterns from Agriculture and Foodtowards Services. In the OECD thistrend also
continues, bu to amoderate extent. Thisimplies that in spite of speaalization the non-OECD
courtries produce dso much more Services now. The nonrOECD share in world production increases
drasticaly in bah scenarios. In the High Growth scenarios it nealy read 40%. Thisisamazing, bu
still far away from their share in total popuation. All these trends are much more pronourced in the
Globali zation scenario than in the Businessas usual scenario. However, in general the trendsin bah
scenarios point in the same diredion.

specialization patterns

Figure 3.3 presents the diff erences in the export (net of intratrade) to productionratio between 1995
and 2020for both scenarios at asedoral level. Theratio of exportsto productionis an indicaor for
the linkages between regions. The sedors Oil, Natural Gas, Coa and Other Raw Materials are
aggregated to Raw Materials. Becaiuse of limited trade in the sedors Services, Eledricity and Trade
and Transport, these sedors are not represented in Figure 3.3. 1t shows that the OECD regions export
alarger share of production, while the non-OECD regions export relatively lessin the Low Growth
scenario. In particular, OECD regions export relatively more Raw Materials and Capital Goodks,
while the deaease in exports for these goods is the highest for al sedorsin the nonrOECD regions.

In the High Growth scenario including trade li berali zation this picture danges. Tradein all
sedorsincrease substantially in the scenario period. The dimination d the high trade barriersin
agricultureisabig stimulus for trade in that market. In particular, United States, Australia and
Canada benefit from open markets. Trade in Consumer Goods and Capital Goodsis aso heavily
stimulated by the breskdown dof the tariffs. The OECD has more posshiliti esto export Capital Goods
and the non-OECD to export Consumer Goock.

Theincrease in trade in the High Growth scenario does not necessarily lead to further
spedalization. The numbersin Figure 3.3 could represent only intra-industry trade. To accourt for
spedali zation, we present Figure 3.4. This Figure shows the changesin the ratio of net exports to
production for both scenarios. In the Low Growth scenario the OECD regions gedalizein
Agriculture, Raw Materials and Intermediate, whil e the nonrOECD spedali ze relatively in Consumer
Goods, and Capital Goods. Trade liberalization as it takes placein the High Growth scenario,
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emphasi zes this picture for some sedors but wegkens it for others. Spedalization das not increase in
Agriculture. The increase in trade thus mainly intra-industry trade. That is also the case for Raw
Materials. The OECD does pedalizein Intermediate Goods and also net trade in Capital Goods
increases to some extent. The nonOECD regions edali zesin consumer Goods and trade

li berali zation strengthens their competiti venessin that sedor.

Figure3.3 Differencesin export to production ratio in both scenarios 1995 - 2020
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4. Emissions

This fdionfocuses on CO, emisgonsin bah scenarios and the caises of the diff erent emisson
volumes. First, we present the volume of emissonsin 2020in bah scenarios. Second, we show the
energy intensivenessof the various sdorsin WorldScan. Third, we discussthe antribution o
globali zationto CO, emisgons. Sedion 5will i ntroduce anissons limitsin bah scenarios acrding
to the Kyoto protocol. That Sedion concentrates on the impli cations of globalizationfor the dfortsin
reading these targets and onthe volume of carbonlegage.

Both the Low and High Growth scenario show adrastic increase in the volume of emisgons between
1995and 2020.These increases which is even dramatic in the High Growth scenario, are possble
because bath scenarios do nd assume any eff ort in li miti ng the increase of emissons. There ae not
any energy-saving techndogies, consumers do nd save energy, andregions do nd introduce
environmental legidation. Sedion 5will discussthe introduction o environmental legislation. Table
4.1 showsthat global emisgonrise by abou 70% in the Low Growth scenario. The rise in the Annex-
1 regions (=OECD and transition regions) is much lower. However, CO, emissons doule in the Rest
of the World. Thereasonisthat production grows also faster in the non Annex-1 regions, and
correspondngly the demand for energy will i ncrease drasticaly.

This pattern is even stronger in the High Growth scenario. Abundant economic growth in the
norntOECD regions increases demand for energy significantly. Emisdons will rise by abou 250%.
The shift from oil and retural gasto coal inthe energy mix does also contribute to the increase in
emissons, because wal isrelatively more cabonintensive than the other two energy cariers. Notice
that the amisgon petterns are comparable to those in OECD (1997).

Table4.1 Emissionsin both scenarios

Emissonsin 1995.0 low growth high growth
2020

Annex-1 3.8 55 6.4
nonAnnex-1 2.2 51 8.0
World 6.0 10.6 14.4

In WorldScan, CO, is only emitted in production processes. Energy isonly used as intermediary inpu
in production. The share of househdd consumptionis very low, so we assume that consumers only
use dedricity as energy source Table 4.2 shows that the Intermediate sedors is the most energy-
intensive sedor. It isresporsible for 40% of the total emisgons, whileits production shareis only
8%. Per unit of production Eledricity is even more pall uting. It produces 30% of all emissons while
its dharein total output is only 2%. Agriculture, Capital Goods and Services (including Trade and
Transport) are the most energy-extensive sedors in terms of output. The anisgon ouput ratio varies
between 1to 10and 1to 5. These numbers are dso valid for other yeas and for the Low Growth
scenario.
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Table4.2 Global emissions and production shares by sectors

sedor Agriculture  Raw Materidls _ Eledricity

emissons 0.6 7.0 30.9

output value 8.1 2.2 2.1

sedor Intermediate  Consumption  Capital Goods Services
emissons 41.9 7.1 1.7 10.8
output value 8.3 8.7 15.2 55.3

The sector Raw Materials consists of Oil, Natural Gas, Coal and other Raw Materials. The sector Services consists of Services
and Trade & Transport. These results are derive from the High Growth scenario in 2020 Theseratio’s on emissons do not
change significantly for other years or for the other scenario.

The knowledge on the energy-intensivenessof the various ®dorsis useful is discusgng the
differences in the volume of emissonsin bah scenarios. The analyses of these diff erencesis helpful
in discussng the dfeds of globalization onthe environment in Sedion 5.Asis sown by Table4.1
the amisgons are éou 3.8 milli onkilo ton C higher in the High Growth scenarios. Thisisan
increase of abou athird, mainly due to the nonAnnex-1 regions. Here we want to dsentangle the
increase in emisgons acording to the various elements of the globali zation process This answers
also the question whether trade has sgnificant environmental effeds.

Table 4.3 dsentangles these dfeds for the OECD, nonOECD (including transiti on regions)
and the world. It shows clealy that technicd progressand thereby ecnamic growth isthe main
cause of theincrease in emissons. Trade liberali zation as such has nealy noeffed. The extra shift in
consumption expenditures from agriculture to services, seeTable 3.3 has nealy no effed onthe
volume of emissons. Table 4.2 has already shown that both sedors are energy-extensive. The
contribution d extralabou redlocationiscaused by higher productivity leading to a higher demand
for low-skill ed labour. Thisredlocaion effed exerts adownward pressure on wages for low-skill ed.
This gimulates further productivity. The further liberali zation oncgpital markets has a small paositive
effed on pdlution. Theinterest rates at the caital markets in the nonOECD will adapt downwards
to OECD levels. The inpus for productionwill shift from energy to cagpital in the non-OECD.

Theincrease in total fador productivity and the acompanied increase in capital
acamulation stimulate production in the nonrOECD substantially leading to alarger demand for
energy. Noticethat the increase in techndogy in the nonOECD refleds market and ouward oriented
palicies which also includes aquick dissemination d techndogies from the OECD. Trade & such
does nat contribute much to pdlution. In this snse is does not make much dff erence whether goods
are produced in the OECD or the nonOECD, in spite of the fad that productiontechndogies in the
non-OECD are more energy-intensive than in ather regions. However nowadays it is often claimed
that trade induces the spill overs of techndogy, seeCoe ¢ a. (1997). If tradeindead contributesto
caching up and consequently higher prodctivity levelsin the nonOECD, trade liberali zation
palicies have probably aso bigger effeds onthe environment. These dfeds which are now ascribed
to technicd progressin Table 4.3. Thistable thus $hows that globali zation as such has much effed on
the level pdlution,in particular if techndogy transfers are incorporated in the concept of
globdli zation. Trade pdlicies as sich have nealy no effed on pdlution, aslong asit does nat lead to
higher productivity levelsin the nonOECD.
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Table 4.3 Causes from globalization elements on emissions

courtry OECD non OECD global

low growth scenario 3.97 6.66 10.63
technicd progress 0.24 2.84 3.08
lower transport costs 0.06 0.25 0.31
trade liberali zation 0.03 0.01 0.04
more cgital mohility 0.00 0.01 0.01
more labour redlocation -0.02 0.37 0.35
change wnsumption peiterns ___ 0.01 __-0.04 __-0.03 _
high growth scenario 4.29 10.10 14.39

5. Kyoto

Sedion 4 has shown that emissonsin bah scenariosincrease dramaticdly until 2020.This dion
analyses whether the introduction o emissonlimits agreed uponin the Kyoto protocol will slow
down thisincrease. We will analyse whether globali zation has smil ar effeds onthe level of pdlution
in the presence of environmental legislation. We dso analyse the dfeds of globali zation onthe
volume of carbonlegage. OECD (1999 and ahers have shown that the introduction d emissons
targetsin the Annex-1 regions will | ead to an increase in emissonsin the non Annex-1 regions
compared to the case that environmental legislation daes nat exist. We will show the cabonledkage
will i ncrease due to the intensified spill oversin a globali zation scenario.

The Annex-1 regions will succeeal in reading their emisgontargets agreed uponin the Kyoto
protocol in 2010.For the period 2010to 2020we assume that the same emisson celings. The non
Annex-1 regions are not confronted with emisgon celi ngs. We assume that the Annex -1 regions
introduce unil ateral environmental taxes as palicy instruments to oltain the targets from 1996
onwards.® Regions levy environmental taxes on the used volumes of Gas, Oil and Coal. Given the
emisgontarget and energy use, the tax rate depends onthe caboncontent of ead o the energy
cariers.

Table 5.1 pesentsthe dfed of introducing environmental taxes onthe anisgon levels, GDP
andthe tax ratein 2020for both scenarios. Emissons are reduced by 24to 336 inthe Low and hgh
Growth scenario, respedively. Due to leskage, emisgonsin the non Annex-1 regionsincrease. The
effeds on cumulated GDP in 2020are modest, at most 0.8 % of GDP. The introduction d energy
taxes do nd harm the OECD regions very much. Moreover, the eonamic dfeds are nat significantly
larger in a globali zation scenario, while in that scenario econamic growth and CO, emisgonsare
much higher than in the low growth scenario. The energy taxes nealy doulde in the former scenario.
In spite of higher energy taxes, the non Annex-1 regions do nd benefit significantly from these taxes
in the High Growth scenario

®In the follow up d this paper we will carry out the same analysis with emisson trading.
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Table5.1 Effects of unilateral energy taxesin the Annex-1regionsin 2020

levels/quaes low growth high growth

region Annex-1 nonAnnex-1 Annex-1 nonAnnex-1
emissons -23.8 4.4 -34.6 5.6
GDP -0.5 0.4 -0.8 0.2
energy tax 31.1 0.0 56.2 0.0

This table depicts the diff erences between a scenario with energy taxes and without energy taxes for the low and high growth
scenario. The numbers on emissons and GDP are relative cumulative deviations in 2020from the scenarios without energy
taxes. The energy tax is measured in US dollar per ton C (energy).

sectoral effects

Table 5.2 shows the dfeds of environmental legislation onthe shiftsin production from the Annex-1
regions to the nonAnnex-1 regions. The sharesin global production d the Annex-1 regions withou
environmental | egislation are of course lower in the High Growth scenario than in the Low Growth
scenario. Dueto legislation alarger share of Intermediate Goods, and energy are produced in the non
Annex-1 regions. The Annex-1 regions demand alarge share of Eledricity and aher Raw Materials.
due to the substitution from the taxed energy carriers Oil, Natural Gas and Coal to the former energy
cariers. Asaresult, the production d Eledricity and Raw Materials will i ncrease in the Annex-1
regions. The production d Eledricity uses also alot of Oil, Gas and Coal, bu the priceincreaseis
lower than for the energy carierswhich are taxes diredly.

The production shifts of Oil, Coal and Natural Gas to the non-OECD are substantially higher
in the High Growth scenario. The increase in the production shift result from two oppaite forces.
First, the increase in relative productivity in the non-OECD enlarges the production shifts. To some
extent this dift is compensated by the seoondeffed: the dimination o tariffs. On average, the
OECD produwcers facehigher tariff s than those in the nonrOECD. As a consequence, the OECD
producers benefit more from the bre&kdown of tariffs.

Table5.2 Sectoral effects of environmental legislation
absolute dhangesin share of global productionfor Annex-1in 2020

changesin global Low Growth High Growth
production shares scenario scenario

base (2020 & change baseline change baseline change
Agriculture 58.3 0.0 53.6 0.1
Consumption Goods 60.9 -0.3 46.1 -0.4
Intermediate Goods 63.2 -0.6 56.3 -1.2
Capital Goods 68.2 -0.1 58.4 -0.1
Services 78.5 -0.1 71.2 -0.2
Trade & Transport 72.0 0.0 64.9 -0.1
Eledricity 60.7 0.5 52.3 0.6
Coal 49.7 -7.1 45.7 -8.9
Qil 26.7 -3.8 21.3 -4.3
Natural Gas 72.1 -1.9 68.4 -3.9
Other Raw Materials 47.4 1.2 37.2 15
all goods 70.3 -0.2 62.2 -0.3

baseline is defined as the scenario without environmental |egislation. change is de diff erence between the scenarios with and
without environmental | egislation.
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The location shift of the production d Intermediate Goodsis not surprising gven its energy
intensity, seeTable 4.2. The production o Consumer Goods is also energy intensive mmpared to
Agriculture, Capital Goods and Services. In the Globali zation scenario the dimination d substantial
tariff sincreases the spill oversin bah sedors. For that reason the shiftsin production for those
sedors are substantially larger in the globali zation scenario than in the Low Growth scenario. These
shifts contribute to the increase in carbonlegage dfeds aswill be motivated in more detail below.
The shiftsin many others dors are relatively smaller. These aeinduced by the dhangein the
spedalization pettern. If the Annex-1 regions gendlessendovmentsin the productionin
Intermediate and Consumer Goods they will producerelatively more Agriculture. Services and
Capital Goodk.

leakage

Although Table 5.1 shows that globali zation daes nat aff ed environmental palicy in the sense that
the dfeds of environmental taxes on GDP are significantly higher, globali zation as 2uch has effeds
onenvironmental palicy. Due to the intensified linkages between the regions, the spill overs are much
larger now. Asaresult, the increase in emisgonsin the non Annex-1 regionsinduced by
environmental legislationin the Annex-1 regions is much larger in the globali zation scenario than in
the businessas usual scenario. The emissonsincrease by 0.4 milli onkilo ton C instead of 0.2milli on
kiloton C. These aethe |eskages effeds of emisson reductionin Annex-1 to the other regions. The
emisson reductionin the High Growth scenario is aso larger, but the relative leskage dfedsdo
increase. Table 5.3 shows the legkage ratios for both scenarios. The leskage ratein 13.26 in the Low
Growth scenario and 20% in the High Growth scenario. These rates are ammparable to Bollen et al.
(1999, bu somewhat higher than thase of the AGE model GREEN, seeOECD (1999.

Table5.3 L eakage effectsin 2020 for both scenarios

Emissonsin Low Growth High Growth
2020
baseline differencewith baseline differencewith

Kyoto Kyoto
Annex-1 55 -1.3 6.4 -2.2
nonAnnex-1 51 0.2 8.0 0.4
World 10.6 -1.1 14.4 2.0
leskage rate none 13.7 none 20.0

Interestingly, the increase in the leskage ratio can be ascribed to the larger extent to trade

liberali zation. Whil e the increase in emisgons in the globali zation scenario is to the main extent due
totheincrease in techndogicd progressand nd to trade liberdi zation thisis nat the cae for the
leckage ratio. Table 5.4 shows the cntribution d the various elements of globali zation to the cabon
ledkageratio. It showsthat larger productivity increases due to afaster dissemination o new
techndogies|eadsto alarger reductionin emissonsin the Annex -1 regionsin arder to fulfill the
emisson targets agreeuponin the Kyoto protocol. This also induces more cabonlegage. Trade

i berali zation increases the li nkages between the regions and stimulates a further shift from the
production d Consumer and Intermediate Goods to the non Annex-1 regions. Besides the shift of
these energy-intensive production techndogies the dimination d tariffs at the oil, gas and coal
markets induces non Annex-1 regions to use more energy. Energy beaomes relatively lessexpensive
compared to ather inpusin production - in particular energy produced in the OECD regions. This
substitutionin productioninpus raises the legage rate significantly. Half of theincrease in the
volume legkage can be explained in thisway. In total trade liberali zation as such contributes for
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abou 50% to the increase in the cabonle&age ratio.

Theintegration o capital markets gimulates productionin the non Annex-1 regions due to
lower costs for capital acaumulation, and more labou redl ocation stimulates production by lower
labou costs. However, bath eff eds are very modest.

Table5.4 Causesfrom globalization elementsto leakage
courtry Annex-1 nonAnnex-1 _ le&kageratio
Low Growth scenario -1.32 0.18 13.65
technicd progress -0.78 0.15 1.86
lower transport costs -0.11 0.03 0.61
trade liberali zaion -0.08 0.03 0.61
trade li berali zation energy 0.02 0.05 2.55
more caital mohility 0.00 0.00 0.10
more labou redlocaion 0.03 0.01 0.54
change mrsumption petterns 002 _000_ _ _ _008_ _
High Growth scenario 2.22 0.45 20.40

Tables 5.3and 5.4thus show that globali zation hes substantial eff eds on the volume of carbon
leekage induced by environmental agreaments in the Annex-1 regions. In absolute terms the leskage
volume doules and the le&age ratio increases by 50%. Globali zation thus weekens the dfediveness
of environmental legidlation by the Annex-1 regions In genera, the size of the lekage dfeds
depends on the substitution passbiliti es within the production techndogies andin demand, see éso
Bollen et al. (1999. Some sensitivity analysis shows indeed that low substitution pcssbiliti esin
production and demand lower the legkage ratio. However, the change in le&age due to globali zation
remains sgnificant.

6. Conclusions

This paper has presented the dfeds of globalization onenvironmental quality and environmental
poalicy. By comparing a businessas usual scenario and a globali zation scenario simulated by
WorldScan we were ale to show the dfeds of globalization onthe emissonlevelsin Annex-1 and
nonAnnex-1 regions and the dfeds on environmental padlicies aimed by the targets acwrding to the
Kyoto protocol. Although globali zation cen have substantial effeds on production levels, production
methods, locaion d production and the product and consumption mix, the anisgon levels are mainly
affeded by the increase in ouput. Changes in consumption petterns or trade liberali zation as such did
not have much effed.

These results can be dfeded by removing two assumptions, bah we plan to doin the nea
future. Thefirst isthat techndogy spill overs from OECD to nonrOECD regionsis exogenols. In
spirit of the recant literature on R& D and spill overs (eg Coe d a. (1997), we want to endagenize
techndogy spill overs by the anourt of trade. Then, trade li berali zation will have alarge impad on
output en the volume of emisgons. The semndis closely related to the first one. At this moment
techndogy spill overs are direded to increases in total fador productivity levels. Non-OECD regions
do nda shift more energy-efficient techndogies copied from the OECD. In that case, high growth in
the non-OECD regions would be acompanied by alower increase in emisson volumes.

Trade li berali zation daes have much effed onthe dfedivenessof environmental padlicy in
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the Annex-1 regions. The bre&kdown of trade barriers for energy-intensive goods will | ead to a shift
in adivitiesif these sedors facethe burden of environmental |egislation. Moreover, the downward
presaure on energy prices due the dimination d trade barriers at these markets, stimulates non
Annex-1regionsto use more energy. The cabonlegageratiois ggnificantly higher in the
globali zation scenario. Furthermore, the share of global emissons which isrestricted is much lower.
For both reasons the dfedivenessof environmental pdlicies by the Annex-1 courtriesis sriously
hampered. The environmental taxes are dso higher in the globali zation scenario, but the GDP effeds
of the Annex-1 courtries are very modest. From this perspedive globalization daes naot affed the
costs of legislation.

There ae several solutionsto the cabonlesage problem. Oneisthe passbility of
techndogy transfers regarding more energy-efficient techndogies. In that case energy-intensive
production techndogies will still shift to regions withou environmental |egislation, The energy-
intensivenessis however lower, than in the cae that they use the old production techndogiesin these
courtries. Thispaint is closely related to the technd ogy spill overs mentioned above. A semnd
posshility isthe (re)introduction d import tariffs on energy-intensive products by the Annex-1
courtries. The mmbination d environmental legislation and import tariffsis already analysed for
Western Europe by Tang et al. (1998. They show that import tariffs and export subsidies can be used
to restore competiti venessandto all eviate the problems of carbonlegage induced by unil ateral
energy taxes in Western Europe. The combination with these trade palicies can aso analysed in this
framework, assuming that the WTO framework permits such pdiciesin order to proted the
environment.
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Appendix Regional and sectoral concordances for WorldScan

10

11

12

United States
Japan
Western Europe

United Kingdom, Germany, Denmark, Sweden, Finland,
Rest of European Union, EFTA

Remaining OECD
Australia, New Zealand, Canada
Eastern Europe

Former Soviet Union

Midde East and North Africa

Turkey, Rest of Middle East, Morocco, Rest of North
Africa

Sub-Saharan Africa

South African Customs Union, Rest of Southern Africa,
Rest of Sub-Saharan Africa

Latin America

Central America and Carribean, Mexico, Argentina, Brazil,
Chile, Uruguay, Venezauela, Colombia, Rest of South
America

China

China, Hong Kong

South East Asia

Repulbic of Korea, Indonesia, Malaysia, Philippines,
Singapore, Thailand, Taiwan, Vietnam

South Asia& Rest

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

10

11

Agriculture andfood goduction

Paddy rice, Wheat, Grains, Cereal Grains, Non grain crops,
Vegetables, Oil seads, Sugar cane Plant-based fibres,
Crops, Bovine cétle, Animal products, Raw milk,, Wod,
Forestry, Fisheries, Processed rice, Meat products,
Vegetable Oils, Dairy products, Sugar, Other food products,
Beverages and tobacm®

Consumption goods

Textiles, Wearing apparels, Leather etc, Wood products,
Chemicd, rubbers and pastics

Intermediate goods

Pulp paper, Petroleum and coal, Nonmetallic minerals,
Ferrous metals, Nonferrous metals

Capital goods

Fabricated metal products, Transport industries Machinery
and equipment, Electronic eguipment Motor vehicles and
parts, Rest of manufaduring

Services

Gas manufadure and dstribution, Water, Construction,
Financial, businessand recreational services, Public
administration, education and health, Dwellings

Trade and Transport
Elearicity

o]]

Natural Gas

Codl

Other Raw Materids

Minerals
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