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THE ENERGY VERSION 01- WORI.DSCAN 

Chapter 2 The Energy Version of WorldScan 

2.1 Introduction 

Birds' eye view 
This chapter describes the energy version of the WorldScan model. The energy 
version is derived from the core version of WorldScan, which is described in CPB 
(1999). This chapter will sketch the main characteristics of WorldScan, and pay special 
attention to energy. WorldScan is a recursive1, multi-region, multi-sector, and applied 
general equilibrium (AGE) model, which can simulate long-term growth and trade in 
the world economy. It builds on the neoclassical theories of growth and trade. Table 
2.1 presents two important dimensions of the model: twelve regions2 and eleven 
sectors. There are six sectors that concern the supply of energy: coal, oil, gas, modern 
biomass, other non-fossil fuels, and electricity3. 

The number of regions (12) and sectors (11) is sufficiently detailed enough to analyze 
the macro-economic impacts of climate policies, both for the mid-term and the long 
run. With respect to energy, the sectoral detail level can capture the effects of a 
carbon tax being the optimal instrument to combat climate change in a first-best 
world. The electricity sector is included to account for differences in end-use 
categories of energy demand (see also IMAGE, 2001). Combusting secondary fuels 
such as coal oil and gas generate end-use energy, either high quality electricity or 
heat (e.g. transport demand). Biomass and renewables4 are included to account for 
the zero-carbon carriers. The agricultural sector produce biomass and the service 
sector the aggregate of the other non-fossil fuels. 

The classification of non-energy sectors captures the structural changes in a 
meaningful way. Further disaggregation of WorldScan would require a huge amount 
of information on sectors when designing scenarios. Moreover, a detailed 
classification of structural changes in the short-term will loose its meaning for the 
longer run, because the nature of products and technologies in specific sectors will 
change dramatically. Thus we feel that the level of sectoral detail of WorldScan is 
chosen to be relevant and comprehensive for both the short term and the long run. 

1 All endogenous variables in the current period depend on current period variables. This is contrary to 
forward-looking intertemporal optimization models, which also use future period variables to determine 
Current decisions. 

2 However, like in Bollen, Manders and Timmer (2000). a lour-region version of WorldScan is used, in which 
the OECD. Eastern Europe and the Former Soviet Union (EFSU). Asia (ASIA) and the Rest of the world (ROW) 
are distinguished. 

3 In the core version, coal, oil. gas, and other non-fossil iuels are included in the 'raw materials' sector, and 
electricity in the 'utility' sector. 

4 These are non-fossil fuels consisting of sun. wind, nuclear and hydropower 
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The regional classification aims to grasp the dynamics of the unexpected structural 
changes in the world economy due to trade connections between the rich North and 
the poor South. We enrich WorldScan with six North regions that can be regarded as 
individual important players in emission abatement in the short to medium term. 
Also we expand the model with South regions that are either energy exporters (e.g. 
the Middle East and Latin America) or importers. But since we want WorldScan to 
describe specialization patterns, structural changes in the world economy, and trade 
flow changes between regions, we distinguish physically "unbroken"5 areas and then 
come to the breakdown of six South regions. 

Table 2.1. Regions and Sectors in WorldScan 

Regions 

Annex I 
OECD 

United States 
Western Europe 
Japan 
Rest OECD 

EFSU 
Eastern Europe 
Former Soviet Union 

Non-Annex I 
ASIA 

China 
Asean+ 

India and Rest of the World 

ROW 
Middle-East and North Africa 
Sub-Saharan Africa 
Latin America 

Abbrev. 

USA 
EU 
JAP 
ROE 

EE 
FSU 

CHI 
DYN 
IND 

MNA 
SSA 
LAM 

Sectors 

Materials 

Agriculture and food processing 
Energy-intensive goods 
Consumption goods 
Capital goods and consumer durables 
Services (domestic) 
Trade and transport services 
Other raw materials 
Oil Products 

Energy 

Coal 
Refined Petrol 
Natural gas 
Electricity 
(Biomass) 
(other non-fossil fuels) 

Abbrev. 

AGR 
EN1 
CON 
CPI 
OSE 
TRA 
OMN 
OIL 

COL 
P_C 
GAS 
ELY 
BIO 
REN 

Two perspectives can illustrate the most important characteristics of WorldScan. First, 
there is the macro-economic perspective on production, consumption and 
investment. In this context, countries are allowed to run trade deficits or surpluses, so 
that investments do not have to equal savings. These deficits and surpluses affect the 
net-foreign debt position of countries. Second, the sectoral perspective centers on the 
allocation of inputs. Within a country, sectors differ, and also across countries the 
same sectors differ from each other. As with the macro perspective, also on the 
sectoral level trade solves differences in demand and supply. From the macro-
economic perspective, trade implies changes in the financial position of a country. 

5 This is not entirely correct, because data limitations cause the Rest OECD. and India and die 
rest-ol-the-vvorld to be regions that include countries don't lie physically next to each otiier. 
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However, from the sectoral perspective, trade means that a country is either a net-
importer or net-exporter of a particular good. Trade patterns depend on regional 
differences in technology, endowments, demand, and transport costs. 

From a macro-economic perspective the production of a country follows from its 
endowments: technology, low- and high-skilled labor, capital, and availability of land 
and energy. Growth amounts to changes in these endowments. Technology and labor 
are exogenous to the model. For details on labor markets, see CPB (1999) and Bollen 
and Manders (2001). Investments are equal to the difference between the required 
minus depreciated capital stock. Capital owners invest in and allocate their wealth to 
countries based on the return on investments (region-specific) and preferences for 
certain regions. The supply of capital comes from all regions and matches demand on 
a market, which is cleared by the interest rate. Finally, the fixed factor is also input to 
production, which is to some extent exogenous in terms of land availability and 
partly endogenous because of changing energy reserves. 

Macro-consumption is calculated as the residual between national income and savings. 
Savings are based on an estimated relationship between the savings rate and welfare, 
the growth of the economy and the demographic composition of a population. The 
estimated relationship shows a rising savings rate with higher economic growth, but a 
decline with higher welfare p.c. level and an ageing population. 

If total production, investments, and consumption are determined at the macro level, 
the next step is to allocate inputs to sectors. In the energy version of WorldScan the 
set of intermediate products includes 13 types of goods (sectors). The sectoral 
perspective in WorldScan can be characterized by production functions having a 
similar format across regions and sectors, but differing with respect to the cost shares 
of inputs. Like in many other CGE models, demand originates from final 
consumption, the demand for intermediate goods, and investments. Consumption 
patterns differ across countries and depend on per capita income and relative prices, 
represented by assuming a linear expenditure system to allocate total consumption 
over the various consumption sectors. Allocations across good categories depend on 
subsistence levels that 'guarantee' minimal spending on each of the categories, and 
income and price elasticities. The intermediate and investment demand is sector -and 
country-specific, and follows from producers' minimizing costs at given levels of 
technology. On the sectoral level, imports and exports solve for the tension between 
consumption and production. WorldScan assumes a dynamic Armington utility 
function, which reflects (changing) brand loyalty for a product. Domestic and foreign 
goods substitute with finite price elasticities, which are low for the short term and 
high in the long run. Current trade patterns can be explained by regional and 
sectoral differences in technologies, endowments, preferences for different varieties, 
and transportation costs. Therefore, on the longer term, WorldScan specialization 
patterns tend to follow the law of one price as predicted by the Heckscher-Ohlin 
theorem6. 
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As mentioned before, the energy version of WorldScan has six energy sectors: 
electricity, coal, oil, gas, modern biomass, and other non-fossil fuels. The oil and gas 
sectors are subject to resource depletion. Total demand for energy is the sum of final 
and intermediate demand. Final energy consumption restricts to electricity, coal, oil 
and gas. The supply of energy increases by [1] more availability of energy resources 
and [2] higher efficiency of technologies that transform the primary products into 
secondary energy that is suitable for either consumption or intermediate demand. 
The calibration of the model uses the GTAP database, see Dimaranan and McDougall 
(2002). However, since the GTAP database does not include information non-fossil 
fuels, these have been taken from the reported expenditures on non-fossil fuels of 
RIVM (2001). Prices of biomass and other non-fossil fuels follow the price path in the 
agriculture and service sector, respectively. C02 emissions are calculated as the 
product of the demand for energy and an energy-specific emission coefficient, which 
does not vary over time. All non-fossil fuels have zero emissions, see also RIVM (2001). 
The model assumes a second-best world for all sectors, i.e. it includes in the price 
formation arguments such as subsidies, taxes, and tariffs on exports and imports that 
are based on GTAP. The energy price equations also include the carbon tax. 
Government income from (also energy) taxes is fed back into the economy by lumps-
sum transfers to the consumers. The energy version of WorldScan thus enables the 
modeler to simulate policy shocks that reduce the C02 emissions. 

Dynamics of the model 
WorldScan belongs to the class of dynamic models. Policy shocks and emission 
reduction strategies can be analyzed in a dynamic context because of five reasons. 
• Overall technology and energy-specific technology change over time. 
• Yearly investments lead to the accumulation of the total capital stock (after 

depreciation), which is available for the next year. 
• After negative supply shocks, there will be declining interest rates and a 

temporarily excess supply of capital. Capital will be reallocated, and only in the 
long run move to the old steady state growth path. 

• Trade intensifies over time by means of Armington elasticities that increase over 
time. For example, climate change policies such as the Kyoto Protocol will lead to 
larger sectoral shifts and higher carbon leakage rates in the longer term. 

• Resource depletion occurs in the sectors Oil and Gas, and adds to the realism of 
model simulations of CO-, emission reduction policies. This implies that the 
emission reduction policy by a price increase of energy will have a feedback on the 
supply sectors. Excess supply will depress the equilibrium price, and thus 
necessitates a higher tax on energy. The extent to which this occurs depends on 
the slope of the supply curve. The flatter the supply curve, the lower necessary 
energy tax will be to meet the emission reduction goal. Contrary, the more vertical 
the supply, the higher the required energy tax. 

6 A country will export that commodity which intensively uses its abundant (actor. 
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Domain of the model 
The energy version of WorldScan has several some strong points. They are 
• heterogeneity 

The model simulations add realism to analyses. For example, region-specific 
energy intensities lead to asymmetric impacts from climate change policies. 

• equilibrium focus of analysis, because all sectors are linked to each other 
Sectors within a country are linked to each other. Hence, the direct impact of 
climate change policies to energy sectors, consumers and energy-intensive sectors 
will also be felt in the rest of the economy. 

• long term consumption preferences change over time based on estimated 
relationships 
If income per capita increases, then consumers spend relatively less on beverages 
and tobacco, food and clothing and footwear. They spend relatively more on 
education and medical care, household furniture, recreation, transport and 
communication and other goods and services. In time, the minimal spending 
levels become a smaller fraction of total spending. The long-term income 
elasticities for sectoral consumption converge eventually to 1. However, this is 
delayed by increasing the minimal spending levels by a fraction of the GDP per 
capita increase. 

• trade dimension with long-term H-0 specialization patterns 
Given that consumers have decided on their budget shares to spend on a 
particular type of good, they decide on which particular varieties (from different 
regions) of that good they will spend their money. Hence consumption originates 
from domestic production and trade in different varieties of foreign goods. The 
trade dimension improves the realism of simulating sector specialization. Trade 
linkages between regions in the model help to understand the potential spillover 
effects of climate change policies. For example, WorldScan projects these spillovers 
from Annex I to the non-Annex I in the case of the Kyoto Protocol. Reducing 
emissions in the Annex 1 region lowers the global energy price, and the production 
of energy-intensive goods moves to regions, which do not implement any carbon 
policy. Both mechanisms increase the C02 emissions of the non-Annex I region, 
and change their terms of trade and industry output. 

The energy version of WorldScan is constructed in such a way that it can contribute 
to the debate on climate policies. There are also some limitations to the analyses that 
need to be emphasized here. They mostly concern the model and they are 
• the exogenous role of the government 

No specific behavior is modeled with respect to the government. All taxes are 
imposed on production and consumption, and fed back in the economy in a lump
sum way to the consumers. When analyzing energy taxes, the model cannot 
endogenously lower taxes of other inputs such as labor, and thus will not be able 
to simulate a double dividend. 

• lack of rational expectations with longer time horizons 
WorldScan is limited in the sense that it is not a fully forward looking intertemporal 
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optimization model7. This implies that the agents in the model cannot anticipate 
on policy shocks. Still, the model mimics this rationality on the consumption 
(savings) and on the production side (investments), and thus realistically describes 
long-run impacts of policies, see CPB (1999) for more details. 

• unemployment assumption or the lack of wage rigidities 
Climate policies will lead to higher energy costs, and depress the real wage rate. 
Resistance to this in the economy can lead (temporarily) to unemployment. The 
OECD (1999) shows that the assumption of wage rigidity could amplify the cost of 
emission reduction. The impacts of these medium-term adjustments may be 
considerably higher and distort economies more than shown by the long-run 
effects. WorldScan assumes fixed unemployment rates (around 5 percent), and 
hence the model describes only long-term labor market adjustments of policy 
shocks. 

• focus on C02 emissions (and disregarding other greenhouse gases) 
Recent research on climate change policies show considerable relevance of 
reducing non-C02 emissions when aiming to mitigate climate change, see Kets 
and Verweij (2004), OECD (1999), ECN (2000), Reilly et al. (1999). Moreover, options 
to increase the region's sink capacity are not included. Still, climate change is 
mostly determined by C02 emissions, and this will even become more important in 
the course of this century. Thus, WorldScan covers the most important driving 
forces behind the main macro-economic impacts of climate change policies, 
especially in the long run8. 

This chapter will focus on describing energy and the key mechanisms driving the 
costs of climate change policy impacts. The setup of this chapter is the following. 
First, the next section will explain the model step-by-step to get a basic understanding 
of the mechanisms of WorldScan. Then Section 3 will deal with the most important 
data used to calibrate the parameters of the model. Section 4 will discuss the 
procedure followed when calibrating the WorldScan model with respect to the base-
year, and a time path. This will help the reader to better understand the mechanisms 
at work in the WorldScan baselines without any climate policies and the economic 
impacts from climate policies against the background of these baselines. 

2.2 The model step-by-step 

This section explains the most important relationships of the WorldScan model from 
the macro-economic perspective, and then zooming in on the sectoral perspective. 
Finally this section concludes with details on energy markets. 

In other words, the model has adaptive instead of fully rational expectations. 
Other limitations of this version of the WorldScan model concern the lack of energy as a feedstock 
(zero-emissions), the further breakdown of the current set of energy carriers to more specific technologies 
such as nuclear power. Also of importance in case of emission abatement is the possibility to distinguish 
between retrofit adjustments in the energy system versus replacement of the capital stock, when a vintage 
approach is applied with respect to capital. 
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2.2.1 M a c r o - e c o n o m i c p e r s p e c t i v e 

In this section the macro-economic perspective is presented with respect to 
production and consumption. In this context, trade is the way to close the gap 
between consumption and production. Regional savings do also not have to match 
investments, and WorldScan allows for (imperfect) capital mobility. Only at the global 
level savings are equal to investments. 

Production 
Producers minimize the costs of required inputs and consumers maximize utility. 
Production functions are defined as a nested structure, see Figure 2.1 below. These 
functions are defined as nested Constant-Elasticity-Substitution (CES) functions. 
However, the Total Value-Added nest (TVA) is not a CES composite but a Cobb-
Douglas (CD)-function of low and high skilled labor, and capital. Total ENergy (TEN) is 
a composite that will be explained in the energy markets part of this section. Total 
Energy and Total Value added (TEV) is a composite of TVA and TEN. Total Input of 
Materials (TIM) inputs and TEV make up all the intermediate inputs, or the Total 
Inputs Rest (TIR)-nest, which itself is added to the fixed factor in a highest CES-nest to 
be equal to the Total INputs (TIN) for production. The nesting structure of the 
production functions is similar across regions and sectors. 

Choosing a nesting structure is often the outcome of a trade-off between different 
and sometimes competing properties. A production function should be flexible, easy 
to compute, parsimonious in the number of parameters, and based on sound 
theoretical properties. The latter means that the cost function (the dual of the 
production function) should be non-decreasing and concave in its arguments. A 
nested CES structure is restrictive, but its properties are well understood and it yields 
convenient analytical expressions. More importantly, in applied general equilibrium 
modeling, a (nested) CES satisfies the desired theoretical requirements. Since there is 
little empirical evidence on substitution patterns or knowledge on the right nesting 
structure, a rather pragmatic view is appropriate. A major consideration in 
developing the carbon extension of WorldScan is that it can be seen as an extension 
of the core model version. This means that the nesting structure is built on the 
structure of the core version. 

But the choice of a nesting structure and the corresponding parameter values often 
also reflects a view on substitution possibilities. The existence of more than two 
production factors creates the possibility of them being each other's complements. 
Two factors are complements if demand for one factor decreases in response to a 
price rise in the other. The cross-price elasticity has a negative sign. A nested structure 
may make certain factors complements, but then excludes other factors to be 
complements. For example, if one would like to model capital-energy 
complementarity, capital and energy should be in one nest with a sufficiently low 
substitution parameter. Substitution between the capital-energy aggregate and other 
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Figure 2.1. Production structure at the macro-level9 

TIN 
(CES) 

FIX 

TIR 
(CES) 

TIM 

TEV 
(CES) 

TVA 

TEN 

(CD) 

LSL 

LSH 

CPE 

factors should be sufficiently large. The nesting chosen in the energy version of 
WorldScan, with capital in the value-added nest and energy at the same level as 
Value Added, excludes the possibility of them being each other's complements. 

At the top level, qTIR is combined with intermediate goods qFIX to generate output q, 
and the lower levels are analogously defined with lower nest-products 

qm=CES(qm.qrm:pm) 0<pm<co ft) 

9m = f f i < f e r f e r P r B ) 0<ft. 

Cost parameters for each factor are represented by aTIR and aFlx. The elasticity of 
substitution between the inputs TIR and FIX is oTÏN, where oTlN = l/(1-pTIN). Even 
though substitution parameters are identical across sectors and regions, still the 
production functions differ because the cost parameters a differ. These cost 
parameters are derived from cost shares in the input-output data in the base year 
(GTAP)10. At the fourth level, Total Value Added (TVA) is generated by a CD-function 
combining high- and low-skilled labor, and capital. 

Substitution elasticities between TIR and FIX are 0.1 for ENI, CON. CP1. TRA. OSE. P_C. ELY and 0.6 for OMN. 
COL, OIL, GAD, and AGR. Substitution elasticities between TIM and TEV are 0.01 for all sectors, except for 
AGR it is 0.3. Substitution elasticities between TVA and TEN are 0.5 for all sectors, except for OMN, COL, 
OIL. GAD, P_C. and ELY 0.01 and 0.6 for AGR. 
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qm = CD(//,: A)= A []</," °<», <> • I « , = ' (2) 

ƒ = low-skilled labor, high-skilled labor, capital 

with the index A the total factor productivity (TFP) parameter with technological 
growth egual to the increase of A. Section 3 will explain how technological change is 
calibrated. Labor supply of high- and low-skilled workers is exogenous. For details on 
labor aspects of the model, see CPB (1999) and Bollen and Manders (2001). Capital 
demand is linked but not necessary equal to investments because of international 
capital mobility. Investments are driven by the change of the required capital stock 
for production (including depreciation). And if capital is abundant in one region (and 
thus is relatively inexpensive), it is invested in another region in which capital is 
scarce (capital is expensive). However, there are some barriers in investing abroad, 
which depress capital mobility and account for capital price differentials between 
regions". For more details, see also Verweij (2003b). Finally, the fixed factor is based 
on GTAP. 

Consumption12 

WorldScan uses an empirically based function explaining the savings rate as a 
function of welfare, growth and demographic composition. The aggregate 
consumption function follows Fair and Dominguez (1991) and the savings rate S in 
period t reads as 

AS, = ftAglH + ft togfe,,, K£>/C„ (3) 

with, g the growth rate GDP p.c, /3 the corresponding parameter, and Cj( the fraction 
of cohort j of the total population in year t (and a it's corresponding parameter)13. 
Because of multi-collinearity among cohort-size variables, we also follow estimation 
procedures in Fair and Dominguez (1991) to estimate equation 3. Population and 
cohort information is exogenous to WorldScan, and hence the last summation part of 
3 is also exogenous in each scenario simulation. Thus the savings rate will be 
positively correlated with economic growth, and decline with higher income levels. 
For further info, see Verweij (2002b). 

10 On the other end. for the sectors coal, oil and gas, the crri: are region-specific as to have a global uniform 
supply elasticity for each energy carrier. 

1' If there were no barriers, capital could flexibly move across borders, and there would be one global capital 
market wilh one price. 

12 This part summarizes the description on macro savings in Verweij (2002a), which also explains in more 
detail the estimation. 

13 In total, WorldScan has seventeen 5-year cohorts, namely 0-5, 5-10. 10-15 75-80 and 80 and above. 
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Trade14 

Capital is endogenous, but restricted by the amount of savings. For more explanations 
on the assumptions on savings, see above. The rental rate for domestic producers is 
the price of investment goods (p,) times the sum of the real domestic interest rate r (in 
terms of the final good) and the depreciation rate d. It is equal to the global price of 
capital goods pK including of transport cost or 

(r, +S >'/. = /';.n, (4) 

with it-, the fraction of exports from country i arriving at the global market. We also 
assume imperfect capital mobility across borders, resulting in a mark-up of the real 
interest rate depending on Net Foreign Asset position. The real interest rate 
differences between countries read as 

(r, - r , ) ( n In ) 

and net foreign income is determined as 

Net Foreign Income = p^nK^.. (5) 

with K capital and KF the exports of capital. The degree of capital mobility is 
according to Lane and Milesi-Ferreti (2001), and empirically links absolute interest 
rate differentials to OLS regression with Net foreign income as percentage of GDP (-), 
their debt (+), and total exports as percentage GDP(-). 

2.2.2 Sector perspect ive 

On the macro level, production, consumption, and investments are determined as 
described in the previous section. Countries trade and thus affect their net-debt 
position in the global economy. Production and investment depend on regional 
endowments, and these are of course important to the sectoral demand for input 
factors. But - at the sectoral level - with demand and production given, the allocation 
of inputs also depends on the relative input prices. Total demand equals the demand 
for intermediate goods, investments, and final consumption. This section will 
subsequently deal with these categories. Trade at the macro-level changes the net-
debt position of a country, but at the sectoral level, it is simply the difference between 
demand and supply, i.e. import or export of a certain good. The major factors 
affecting trade are the global distribution of the endowments (labor, land, energy, 
and capital) and technology. Details on trade will conclude section 2.2. 

Production: intermediate and investment demand 
The WorldScan model has eleven sectors with similar factor requirements across 
regions. All sectors except oil, gas and agriculture are characterized by constant 

14 This section is based on Verweij (2002a) 
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Figure 2.2. The CES nesl of Intermediate goods'5 

TIR 

(CES) 

TEV TIM 

(CES) 

O O H O m o O > 
p W j J ' O Z O S O m > - _ z z 73 

returns to scale. Intermediate goods in the production function are a CES composite 
of all sectors and energy. The intermediates nest shows that all sectors are allowed to 
deliver services to all other sectors (see Figure 2.2 above). The structure is assumed to 
be similar for all regions. 

In this version of WorldScan we distinguish energy and materials. qTIM is the 
intermediate CES-composite of all intermediate goods and materials: 

qmi = CES(qt :pIM) j = all intermediate inputs (7) 

Maximization yields the first-order eguations on cost-prices of the inputs and derived 
demand functions, which are reported in Appendix A. In WorldScan investment 
goods are produced by the Capital goods sector and the Service sector16. 

Consumer demand 
The consumption decision is split up in three stages, which is illustrated by Figure 
2.317. Each of these stages refers to a specific dimension. The three dimensions are 
time, categories of goods, and varieties. 

In the first stage, consumers determine consumption as the residual between national 
income and savings: 

c =(!-,)>' (8) 

with C the consumption, s the savings rate, Y national income. In the second stage 
consumers allocate their expenditures to several categories (sectors) of consumption 
goods. 

15 Substitution elasticities between TEV an TIM are equal to 0.01 in aU sectors and 0.3 in AGR, and the 
substitution elasticities between intermediate inputs is set to 0.1 in all sectors. 

K' Services include construction activities. 
17 More on these issues can also be found in CPB (1999). 
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Figure 2.3. The consumption decision 

Income 

Consumption Savings 
Stone-Geary 

Categories: Agriculture, Energy-intensive goods, 
Consumption goods, Capital, Services, 
Transport. Rawmaterials, Energy 

Varieties from different regions 

Consumption patterns may differ across countries and depend on per capita income 
and relative prices. We use a linear expenditure system to allocate total consumption 
over the various consumption sectors. The consumption sector structure is different 
from the production sector structure, because empirical research on consumption 
often uses different categories than the production sectors in GTAP. It is relatively easy 
to transform to production sectors to consumption sectors and vice versa (see Verweij, 
2002a). The allocation pattern depends on subsistence levels which 'guarantee' 
minimal spending on each of the categories and income and price elasticities. The 
income elasticities are chosen such that certain stylized facts of the literature are met, 
e.g. if income per capita increases, consumers spend relatively less on beverages and 
tobacco, food and clothing and footwear. Consumers spend relatively more on 
education and medical care, household furniture, recreation, transport and 
communication and other goods and services. In time the minimal spending levels 
become a negligible fraction of total expenditures. In that case, income elasticities 
converge to 1. 

Mathematically, consumers maximize a Stone-Geary utility function under a budget 
restriction, or 

max L-(<•,..<•„)= f i t -7.) ' s.t. £ P C ^ = J C , = C (9) 

c real consumption, PCA f the price of consumption in consumption category /, y the 
subsistence level, a the marginal budget share, C nominal consumption (income 
minus savings). Solving this leads to the following derived demand function for each 
category 
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c, = CSQ, +a\ l-£CS0, (10) 

with CSQ the "subsisted" consumption share 

CSQ.--"-C>/. (lij 

•*«-<-̂ fr CQ (12) 

with C<? the concordance-matrix between production sectors and consumption 
categories and T consumer taxes. 

Trade 
Each region produces its own unique variety of a good, which substitutes imperfectly 
with foreign versions of it. The producer price maximizes profits and equals the unit 
cost price times a mark up. The mark-up accrues to the Trade and Transport sector, 
and its size depends on the cross-price elasticity on each market. The consumer prices 
of home-made products are equal to producer prices. In the other regions, consumer 
prices are equal to the producer prices plus import (thbm) and export (thbx) taxes, 
together with the transport services. Thus, the consumer price pc from region h to b 
reads as 

where costs of transport services are equal to the trade margin (bh) times the global 
price (pD) for international transport. The latter is a weighted average of the producer 
prices in the Trade and Transport sector of all regions, p Th. It is defined as 

i 

/^=(l^(/V»H~ (14) 

The trade margin bh increases as exports are more important in production 
depending on elasticity %, 

I ""J (15) 
with q production, and x the exports. 

Trade between countries evolves from the tension between consumption and 
production. And thus, in the third stage, consumers allocate their budget for a 
specific consumption category over the varieties (regions). WorldScan assumes a 
dynamic Armington utility function i.e. consumer preferences for goods from 
different origin depend on realized market shares in previous periods. Countries can 
gain market share by temporarily offering their products at lower prices than 
competitors. Once the market shares are conquered, brand loyalty for the new 
products is established gradually, and prices move to the level of competitors' prices. 
Mathematically, equations (16) and (17) can illustrate the Armington assumption: 
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, p'"h) 

with mshb the market share of a particular good from region h in region b, shb the 
agents' preference and p^ the consumption price in region b for the variety 
produced in h, and E the short term price elasticity 

('».v„,.,r(/uH 

*** = 2>,,-,r^j 
17) 

with 0 the parameter indicating the importance of the lagged market share, and fi 
the preference parameter from region h to b. If 0=1, then the preference variable is 
exogenous. By substituting equation (15) in (14) and assuming that the market shares 
remain constant in the long term, this yields 

= v M ~ (18) 

Note that the long-term (asymptotic) price elasticity, ((e-l)/0)+l exceeds the short-
term price elasticity e. As a result, market shares are more sensitive to price 
differences in the long term than in the short term, illustrated by a comparison of 
equation (14) with (16). The lower the parameter 0, the more sensitive the markets 
shares are to price differences and the less important the initial preferences for 
varieties are. If 8 approaches zero, the long-term price elasticity moves to infinity. This 
replicates a market structure of nearly perfect competition. A lower 0 thus implies a 
tendency towards the law of one price. Current trade patterns are explained by the 
Ricardian differences in technology. And on the longer term - besides the changing 
(region-specific) demand pattern - the changes in the endowments also lead to 
sectoral restructuring and specialization in line with the Heckscher-Ohlin theory of 
international trade18. 

2.2.3 Energy Markets 

The energy version of the WorldScan model distinguishes three fossil energy goods, 
i.e. coal, oil and gas. Moreover the model also includes electricity as a separate sector. 
Finally, modern biomass and other non-fossil fuels19 are the two other types of energy 
goods, which are included in the energy version of WorldScan. The coal, oil and gas 
production functions have the same format as the other sectors, except that the fixed 
factor in the VA composite of the gas and oil sectors are subject to resource depletion, 
which will be explained further below. The demand for energy in all the production 
functions are a nested CES production function, see Figure 2.4 for an illustration. 

18 A country will export that commodity which intensively uses its abundant factor. 
1<J Other non-fossil fuels stand for nuclear, geothermal, solar, and wind energy. 
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Figure 2.4. The CHS nest ol energy20 
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Coal is nested separately with the composite of oil, gas, biomass and other non-fossil 
fuels, because of it's differing characteristics. These characteristics are coal's unlimited 
resource availability, its' use for base-load capacity in electric power plants (other 
energy sources are used for the peak-load). Also the local environmental externalities 
when combusting coal to generate electricity differs substantially from applying 
other energy sources The environmental externalities concern acidification, and dust 
concentration, see also RIVM (2003). 

The consumption of energy by households includes coal, secondary oil, gas, and 
electricity all in the Stone-Geary consumption composite. 

The supply and demand side data on fossil fuels and electricity are included in GTAP. 
But this does not hold for the non-fossil fuels. Hence these are included in WorldScan 
in another way. The IMAGE model (RIVM, 2001) contains detailed data on the 
expenditures of modern biomass and other non-fossil fuels (mainly renewables and 
nuclear power). Modern biomass and the other non-fossil fuels are produced by the 
Agriculture (AGR) and Service sector (OSE), respectively. Moreover, over time the price 
changes of biomass and other non-fossil fuels are assumed to follow the price 
changes of AGR and OSE, respectively. Since the other non-fossil fuels are produced in 
a sector with infinite supply elasticity, this input factor serves as a carbon-free 
backstop in our model. 

The fixed factor in fossil energy production can be thought of as a fuel-specific 
natural resource. A fixed factor in production is a sufficient condition for decreasing 
returns to scale and an upward sloping supply curve. The fixed factor in oil and gas 
production represents a fuel-specific natural resource. A resource depletion model 
describes developments in these fuel-specific resources over time. In WorldScan, a 

Substitution between ELY and TNE is equal to 0.25, between COL and TNC 0.5, and at the lowest level 0.5. 
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simple resource depletion model along the lines of the EPPA model (Babiker er al., 
2001) is implemented. Coal reserves are large and thus assumed to be constant over 
the current time horizon. The supply of the fixed factor is equal to the reserves in any 
given time period t is equal to the reserves from the previous period minus 
production. The dynamic equation for reserves is given by: 

Reserves; = Reservesl ] —Production^ (19) 

This assumption makes resource depletion a rather mechanical process. Exhaustion of 
the natural reserves implies more scarcity of fixed factor for production, and as such 
increases the price of the fixed factor. In our model, two factors determine the decline 
in fossil fuel demand over time; improved energy efficiency and increasing energy 
prices. In a model with no resource depletion, e.g. constant fixed factors, 
technological change has to carry more weight in explaining a given decline in 
energy demand. 

The WorldScan model calculates the intermediate and final energy demand, and the 
C02 emissions are calculated as the product of the demand for primary energy use 
and an emission coefficient, which does not vary over time and is energy-specific, and 
the non-fossil fuels (including biomass) are assumed to have zero emissions (see also 
IMAGE, 2001). 

The current prices are a crucial determinant of the estimates of the costs of any C02 

emission reduction strategy. The model assumes a second-best world for all sectors. 
Thus the model includes arguments in the price formation such as subsidies, taxes, 
and tariffs on exports and imports. The energy price equation also includes an 
argument for the carbon tax, to enable the modeler to simulate policy shocks that 
reduce the C02 emissions. This yields for coal, oil, and gas the following adjustments 
to the price equations 12 for final energy demand and 13 for intermediate energy 
demand: 

prI; = (i+r,+c ,n PC (12a) 
CQ, 

Pm = vV i + fZ + i i )*• h Po y <•.•. (13a) 

with c the carbon specific energy tax in equation 12a and cb the region-specific 
carbon tax in equation 13a. In case of climate policies, the energy taxes are 
endogenously calculated as to yield a prescribed emission profile (such as the Kyoto 
protocol). The energy tax revenues are returned in a lump-sum fashion to the 
consumers. Thus the WorldScan model can be used to analyze the economic impacts 
of a carbon-tax. Moreover, in case of emissions trading an aggregate emission 
constraint is defined for a group of countries, and a uniform carbon tax across 
regions is endogenously calculated by the model that meets this constraint. As put 
forward by many others, the carbon tax level will about to be independent from the 
allocation of allowances, and the revenues from exporting permits (more abatement 
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than required from a countries' allowances are also returned to a country in a lump
sum way. On the other hand, countries that will import permits are those that have 
higher emissions than their allowances. This is implemented in WorldScan by 
including an extra argument to the national income identity that represents the 
either the permit inflows or outflows. In this way, the WorldScan model can also 
simulate emissions trading. WorldScan cannot explicitly model the effects from other 
flexible mechanisms mentioned in the Kyoto Protocol, such as Joint Implementation 
and the Clean Development Mechanism (CDM). Still the "older" WorldScan model 
versions with its' vintage approach does have the handles to deal with this issue of 
emission reductions through CDM. An analysis of the CDM potential is presented in 
Chapter 4, and the appendix shows more modeling details. Finally, the possibility to 
partly use sinks as an option to alleviate emission abatement through energy savings 
and fuel switching lies outside the scope of the analyses presented in this book. 

2.3 Data 

In order to simulate WorldScan scenarios, one also requires values of parameters, 
initial baseyear data (GTAP V database21), and exogenous variables. Parameter values 
are calibrated or fixed either at levels, which can be found in the literature, or 
consistent with the character of a scenario. Exogenous variables depend on scenario 
assumptions (such as projections on population growth). In the starting year 
WorldScan assumes parts of the economy to be in equilibrium or in a steady state. 
The model reproduces the steady state growth path by appropriately choosing values 
for parameters and unobserved variables. The steady state is characterized by growth 
rates of variables - being part of the scenario assumptions - and thus affects the 
calibration of parameters and unobserved variables. 

This section II.3 will illustrate the baseyear data based on GTAP V, which are used to 
calibrate WorldScan; i.e. the starting values of the exogenous variables, the lagged 
endogenous variables, and the parameters of the model. The description aims to 
emphasize elements that determine the impacts of climate change policies. Later on, 
section II.4 will focus on the employed mechanisms that actually are used to calibrate 
the model. 

2.3.1 M a c r o - e c o n o m i c p e r s p e c t i v e 

The setup follows the previous section. This section starts with the macro-economic 
perspective, followed by the details on sectors, and concludes with more details on 
energy markets. 

21 See Dirnaranan and McDougall (2002) 
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Figure 2.5. The Input Share contribution to Value Added for lour regions (1997) 
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Production 
On the supply-side, several factors are important for the economic impacts of 
emission reductions. For example, countries that rely on energy in their production 
processes are vulnerable for changes in energy prices and will incur higher costs of 
abatement. Figure 2.5 below presents the worldwide shares of the different inputs in 
production, as well as for three sub-regions. Other regions are not presented here, but 
hardly differ from the global average. The inputs are labor, capital, fixed factor and 
energy. The OECD numbers dominate the global average, because the OECD accounts 
for 75% of the global economy (CPB, 1999). Figure 2.5 also shows that the energy 
input in the FSU and MEA is substantially higher than the average. This suggests that 
energy taxes may hurt these regions much stronger than the other regions. 

Consumption 
This book is about the impacts of energy taxes that limit emissions at predefined 
constant or even declining levels. The savings rate depends on economic growth, 
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Figure 2.6. Saving rates of all WorldScan regions as % GDP (1997) 
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Source: Dimaranan and McDougall (2002) 

level of income, and the composition of the population. The negative demand shock 

on energy will lead to temporarily excess of production capacity in energy and 

energy-intensive sectors. The existence of surplus capacity will slow down 

investments and depress the interest rate. But climate policies will also slow down 

macro-production and hence lower the saving rates, and hence consumption will be 

less affected than national income. The lower the GDP growth rate, the more the 

savings rate will decline, and hence the difference between accumulated losses in Nl 

and consumption will widen. Figure 2.6 shows the saving rates in all WorldScan 

regions, and the low numbers suggest that these regions will be net borrowers on the 

international capital market. Next will be explained why this is important in the 

analysis of the economic impacts of climate policy. 

Trade 

The macro-economic impacts of abatement partly depend on a region's position in 

the international economy. The climate policy will result in a lower demand of 

energy, which will slow down investments and depress the interest rate. The capital 

stock will adjust and reallocate to other sectors and activities, and the interest rate 

will recover to the old steady state value. But production will also grow, leading to 

higher emissions, and thus the policy effort will probably intensify over time. Thus 

the negative energy demand shock will likely enhance, and this implies that the 

initial downward pressure on the interest rate will remain. The result is that the 

interest rate will remain below the steady state value, leading to lower rates of return 

on investment. If a country has a low savings rate, investments have to be financed by 
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Figure 2.7. Net foreign interest payments lor all WorldScan regions as % of GNI (1997) 
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foreign countries, then it is a net debtor. Then the interest payments outflow will fall 
relative to the inflow. Hence, GDP losses will be softened and lead to lower losses of 
General National Income (GNI). On the other end, if has a high savings rate then the 
country is likely to be a net-creditor, and in that case the production losses will be 
enhanced. Figure 2.7 shows for all regions the trade deficit as percentage of national 
income. Thus, production losses associated with climate policies will be partly offset 
by lower interest rates in USA. POE, and EE. On the other side the EU and JAP could 
expect an enhanced impact on GNI compared to GDP. 

2.3.2 Sectors 

Sector information underlies the macro numbers. Regions allocate endowments to 
and specialize in specific sectors. This section illustrates the data, and aims to further 
increase our understanding of the costs of abatement. The sectoral perspective will be 
illustrated by: 
• The supply side elements on the location of production and the energy intensity of 

sectors. 
• The demand side categories: intermediate and investment demand, and final 

consumption, which map the regional differences of these categories with respect 
to energy. 

• The importance of trade in goods (difference between supply and demand). The 
question here is which regions can be characterized either as energy exporters or 
importers. And how about the energy content of final demand? The world market 
share of a particular sector resembles the producers' market-power. 
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Figure 2.8. The Value-Added shares of all sectors at the global level (1997) 
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Production 
Figure 2.8 presents shares of all sectors contributing to Value-Added (VA)22. Primary 
energy sectors, raw materials, electricity and energy-intensive sectors contribute 
roughly 10 percent to GDP worldwide. This percentage is slightly lower for the OECD, 
and significantly higher in the rest of the world. The ordering of sectors contributing 
to GDP is as follows: domestic services, capital goods, energy-intensive goods, 
consumer goods, agriculture, trade and transport, raw materials, and electricity. The 
major difference between the OECD and the non-OECD is the share of agricultural 
sector in GDP: 12 and 2 percent in non-OECD countries and the OECD region, 
respectively. 

It can be seen that raw materials and electricity account for 3% of VA at the global 
level. Thus, simulations of emission reductions23 with AGE models such as WorldScan 
cannot be expected to be more costly than 3% worldwide. This may be substantially 
diflerent and possibly higher at the regional level, depending on the regional share of 
VA of energy sectors. 

However, there is heterogeneity when analyzing the sectoral energy expenditures, 
which is illustrated in Figure 2.9 below24. The service sectors account for 65 percent 
of GDP, and only 23 percent of total energy demand. The service sector is energy-
extensive. On the other side of the spectrum are the energy-intensive and trade and 
transport sectors, which account for 12 percent of total GDP and absorb 38 percent of 

11 ii more details on regions, see Table 2.7 in the Appendix. 
.<>io Protocol on the mid-term but even the long-term stabilization scenarios, for example 

450 ppmv co2 
24 More details on regions can be found in Table 2.8 in the Appendix. 

Trade and 
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Figure 2.9. Energy expenditures by sectors (1997) 
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the energy demand. The ordering of sectors at the global level is as follows: energy-
intensive goods, trade and transport services, electricity, consumer goods, capital 
goods, agriculture, and raw materials. Carbon tax policies will mainly affect the 
production of energy-intensive goods, trade and transport services, and electricity. 
Although substantial energy expenditures come from service sectors, energy tax 
policies will hardly affect the production of services, because energy use per unit of 
production is very low. 

Figure 2.10 presents for some energy-intensive sectors the input shares of production 
(electricity, energy-intensive, gas, and agriculture25). The electricity sector requires by 
far the most energy per unit of production (42 percent), followed by the energy-
intensive sector (8 percent), gas (8 percent), and finally the agricultural sector (4 
percent). This means that any global emission reduction policy will hurt these sectors. 
Also, it can be seen that the fixed factor - land and resource availability - contributes 
significantly to the production of gas and agricultural products. The share of energy 
expenditures for production of course is an important cause for sectoral production 
losses in case of emission abatement. But the share of the fixed factor to production 
also indicates the possibility of sectors to adapt to emission abatement, because the 
higher its share the more difficult it is to a sector to switch away to the non-energy 
inputs. Larger shares of the fixed factor imply lower substitution possibilities, and 
hence higher costs of abatement. 

IIIL choice tor these 4 sectors is to show the variety ol input shares for different kind of energy-demanding 
activities, i.e. a primary energy sector, a secondary energy sector, an energy-Intensive sector, and finally an 
energy-extensive sector. The oil and coal sectors have more or less the same set of input shares as die gas 
se tut". All other sectors lie somewhere in between energy-intensive and energy-exten; 
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Figure 2.It). The shares of the inputs tor four sectors (1997) 
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Figure 2.11 zooms in on the energy-intensive sector and the energy-expenditures for 
each WorldScan region. Within the OECD, especially the POE and [PN require high 
energy inputs in the production of energy-intensive goods. Outside the OECD, some 
regions have extremely large energy bills (FSU, CEA, SSA, and SAR). A uniform tax on 
the demand for energy in energy-intensive sectors will especially hurt FSU and SSA26. 

Consumption 
Verweij (2002a) shows that non-OECD countries spend a larger part of their income 
on food than the richer OECD countries. Table 2.2 informs on consumption shares in 
different regions, and shows that food expenditures can accrue to 30 percent in case 
Asia's income. More general, as with production, high-skilled products are consumed 

This depends also on the pre-existing tax level on eneri part of the energy bill consists of tax 
payments. This will be illustrated in the concluding part on energy markets (see Figure 2.14). High existing 

- will also requite high additional taxes to get an additional impact on the emission level. 

^4 



Illl ENERGY VI 'RSION 01 WORLD5CAN 

Figure 2.11. The energy input shores in ilw energy-intensive industry (1997) 
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in the OECD, and low-skilled products in the Rest-of-the-World. Table 2.2 informs on 
consumption preferences in different regions. Preferences are characterized by 
distinguishing 9 types of goods. The demand for electricity and gas is part of Gross 
Rent and Fuels (GRF), and Oil and Energy-intensive goods belong to the category of 
Other Goods and Services (OGS). Finally, Trade and Transport services belong to the 
category of Transport and Communication goods (T_C). Table 2.2 indicates that 
households in the EU and the USA consume GRF at 20 percent, which is much higher 
than occurs in the poor South (11 to 16 percent). Table 2.2 also shows the final 
demand as a share of total demand for energy (in physical terms) for heat, electricity, 
and the aggregate of the two. Table 2.2 thus indicates that households' demand for 
energy in the OECD is much higher than in the countries outside the OECD, especially 
in the case of demand for heat. This comes mainly from the demand for energy 
resulting from congestion (as part of OGS and TRA). 

The extent to which energy demand is for intermediate purposes or final consumption 
determines the character and size of the economic impact of energy reduction. Suppose 
there are two countries, which demand exactly the same amount energy but they differ 
with respect to the sources of energy demand. Suppose in one country energy demand 
by households is very high and in the other intermediate energy demand is very high. 
Abatement of emissions in the first country will fall on the consumers and the impact 
on GDP will be very low. In the other country production will be affected and there will 
be hardly any consumption losses. The consumers have the possibility to substitute for 
[1] foreign energy, [2] low-price foreign energy-intensive goods, and [3] energy-
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extensive goods. Producers on the other end can substitute to non -energy inputs and 
pass on - to a certain degree - the impact of an energy tax to the buyers of their 
products at (international) markets. Also the difference between the taxes on 
intermediate versus final demand for will generate different income effects of carbon 
abatement (see also Section 3.3). Anyway, the mechanism of exerting market power by 
intermediate producers is an empirical issue for which we need WorldScan model 
simulations to analyze its' importance. The substitution elasticity in consumption of 
energy compared to other goods is rather low27. Substitution elasticities in production 
between energy and the other inputs are higher28. Thus, countries with large shares of 
energy consumption in total demand are expected to be less flexible than countries 
with low shares. And hence, economies with low shares of energy consumption will be 
less affected in terms of their national income and consumption. 

Trade 
On the sectoral level, the difference between production and consumption equals the 
net export flow of a particular good. Two characteristic elements can display sector 
specialization: [1] the trade position of a region in a particular sector (net-importer or 
a net-exporter), and [2] the degree of market power of a region in that sector. Table 
2.3 shows for some sectors the net exports as percentage of production, and the share 
of production as a percentage of total global production. The energy sector consists 
of electricity and heat. Heat is the composite of oil, gas, coal, biomass and other non-
fossil fuels. The value of the net exports in total production indicates the tradability of 
that particular good. 

It can be seen from Table 2.3, that energy is a commodity that is intensively traded on 
international markets, although this does not hold for electricity. However, IEA (2001) 
indicates that within the EU at the national level, electricity flows can be 
considerable. The ranking of sectors with respect to openness is as follows: energy, 
capital, consumer, and energy-intensive goods, and finally the aggregate of all other 
commodities. 

Heat - being the composite of all primary energy sources - shows the largest trade 
percentages, in POE within the OECD region at 29 percent, and ROW and EFSU (12 
percent). Major net-importing economies are Japan (45 percent) and the EU (11%), and 
finally the USA (2 percent). Countries that import energy will be less affected by energy 
demand tax reduction policies, as compared to countries that export energy. The reason 
is that both types of countries are confronted with a higher energy bill, assuming equal 
share energy expenditures of disposable income, but the energy exporting economies 

27 This is equal to 0.3 in Bernstein et ah, 1999. In WorldScan we cannot calculate the substitution elasticity 
exante, and we need the model to derive it, because of the Stone-Geary LED formulation. 

28 i) = of 0 - IS / \+a (I1-/ -I | with /Je, and ft, the energy resp. material cost share. This results in 

a own-demand elasticity of 0.4. 
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Table 2.2. Consumption shares and final energy consumption as share of total demand (1997) 

Consumption shares of 
different categories 
Beverages and Tobacco 
Clothing and Footwear 
Education and Medical care 
Food 
Gross rent and fuel 
House furnishings and oper. 
other goods and services 
Recreation 
Transport & communication 

Share of final consumption of 
energy as % of total demand 
Energy 

Heat 
Electricity 

OECD 
USA 

2 
3 

26 
7 

20 
6 

18 
6 

12 

22 
18 
25 

EU 

3 
4 

26 
13 
12 
5 

19 
7 

12 

22 
14 
34 

JAP 

4 
3 

19 
12 
28 

5 
9 
7 

13 

24 
25 
24 

POE 

3 
3 

16 
9 

25 
6 

14 
7 

18 

20 
15 
26 

EFSU 

4 
5 

19 
17 
11 
5 

17 
6 

15 

15 
12 
21 

ASIA 

4 
6 

18 
30 

8 
7 

14 
3 

10 

13 
11 
17 

ROW 

4 
6 

20 
25 

8 
5 

16 
4 

13 

20 
18 
22 

WLD 

3 
4 

23 
14 
16 
6 

16 
6 

12 

20 
15 
24 

Source: Dimaranan and McDougall (2002) 

Table 2.3. Net-Exports and market power of sectors in 1997 

Exports as percentage of production 
Energy-Intensive 
Energy 

Heat 
Electricity 

Capital Goods 
Consumer Goods 
Trade 8i Transport 
Others 

Production shares of 
sectors in the world 
Energy-Intensive 
Energy 

Heat 
Electricity 

Capital Goods 
Consumer Goods 
Trade & Transport 
Others 

OECD 
USA 

0 
-2 
-2 
-1 
-3 
-9 
2 
0 

22 
25 
23 
27 
25 
19 
21 
31 

EU 

5 
-6 

-11 
1 
5 

-1 
-4 
-1 

29 
16 
16 
16 
29 
27 
26 
29 

JAP 

3 
-9 

-45 
0 

20 
-12 

-4 
-1 

13 
10 
4 

18 
18 
10 
15 
13 

POE 

6 
19 
29 

3 
-24 

9 
2 
2 

4 
5 
6 
5 
3 
3 
5 
3 

EFSU 

6 
8 

12 
1 

-24 
-5 
5 
0 

4 
10 
11 
8 
3 
4 
4 
3 

ASIA 

-10 
-3 
-5 
0 

-3 
14 
3 

-1 

17 
18 
21 
15 
16 
20 
15 
10 

ROW 

-7 
8 

12 
-1 

-37 
1 
4 
4 

12 
15 
19 
11 
7 

17 
14 
10 

Source: Dimaranan and McDougall (2002) 

will be confronted with a dropping income flow of energy exports due to lower 
international demand for energy. This implies that POE will be more severely hit by a 
uniform energy tax policy. Moreover, if the energy exporting country does not have to 
implement the energy tax, and other countries do, then the energy economy will also 
be confronted with a declining income flow of energy-exports. The opposite also holds, 
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i.e. energy importing countries are also impacted by an energy tax, but compared to 
the energy exporters they are not confronted with losses of export revenues. They even 
gain in terms of declining expenditures to energy imports relative due to lower before-
tax energy prices resulting from lower energy demand. 

The economic impacts from emission abatement related to differences in physical 
versus financial capital will occur in those regions with the non-zero entries in the 
Capital goods row of Table 2.3. It is after energy, the second commodity in the ranked 
list of tradable goods. It is a highly productive input, because it is the only input that 
accumulates in the VA nest. Also the input is besides labor, the second important input 
in production. The energy tax policies on the one hand lead to the substitution of 
energy to capital and thus increases the demand for capital goods. But on the other 
hand it will lead to production losses and lower expectations of the rate of return on 
investments in energy and energy-intensive sectors. The production losses-effect is 
probably stronger, and thus investors will be forced to alter their portfolio decisions in 
favor of other sectors and regions with higher rates of return on investments. Overall, 
the interest rates will decline and lead to lower losses in countries having a trade 
deficit and higher losses in countries with a trade surplus. The EU and Japan are the 
regions that export capital goods, and the other regions are the importers. 

The lower part of Table 2.3 indicates the share of production in the world economy, 
i.e. market-power of the regions in specific sectors. Tax distortions lead to higher 
demand prices, and countries can to some extent pass on these higher prices to other 
sectors or to other countries. Energy taxes lead to higher prices in the Energy-
Intensive sector and thus it seems that the EU, being a large net-exporter of its' sector 
products, will on the one hand incur production losses, but on the other generate a 
terms-of-trade gain. This reasoning also holds for the USA, although their production 
share in the world economy in this sector is lower than the EUs' share, and they have 
zero net-trade flows. Other large producers can be found in the capital goods sectors 
in the EU (30 percent), the USA (25 percent) and Japan (18 percent). Energy is mainly 
produced in ASIA, the USA and MNA and LAT. The USA absorbs its' production and is 
also an energy-importer (mainly from MNA and LAT within ROW). 

2.3.3 Energy markets 

This section provides more details on the data regarding the energy sectors included 
in the WorldScan model. This sections starts with the production side of the economy. 
Second, the consumption of energy will be illustrated by means of the emissions 
originating from different sources, and easily links to the general theme of this book 
(emission reduction strategies). Third, the trade dimension of energy sectors will be 
illustrated. Finally, the prices and existing distortions in the energy sectors will be 
discussed, as they are important to the effectiveness of the tax-instrument to reduce 
emissions. 
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Figure 2.12. Energy Indicators (1997) 

USA EU JAP POE EFSU ASIA ROW WORLD 

Input share1 2.6 2.9 3.3 3.8 7.9 4.6 4.4 3.5 

Energy bill2 25 17 12 4 9 19 14 100 

1 1 1 
USA EU JAP POE EFSU ASIA ROW WORLD 

• Electricity • Oil D Gas D Coal E3 Others 

1 Share of energy expenditures compared to the value of output 
2 Share of the global energy bill 

Source: Dimaranan and McDougall (2002) 

Production 
Figure 2.12 shows on the macro level four indicators for 8 regions: 
[1] Input share of energy in production (expenditures as percentage of production), 
[2] Energy bill (percentage of the global energy expenditures), and 
[3] Distribution of energy expenditures over all fossil energy sources. 

It can thus be seen that the USA absorbs 25 percent of the global energy expenditures 
for production, which eguals 2.6 percent of their macro-production, and of which 
about 50% is spend on fossil energy. The EU accounts for 17 percent of the global 
energy bill equaling 2.9 percent of the production value. The energy input to 
production is relatively low in the EU, which implies also that energy tax policies will 
also have a relatively low impact on production in the EU. Expenditures on fossil 
energy sources have a somewhat lower carbon content than in the USA. This leads to 
the expectation that at equal percentage emission reductions in the USA and the EU, 
the marginal cost of emission reduction will be higher in the EU than in the USA. 
Japans' share of the expenditures to the global energy bill are lower (12%), and they 
spend significantly more on electricity than the other OECD countries in the 
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production of output. Emission reduction Uhus will impact mainly the electricity 
sector, and will have relatively little impact on the intermediate demand of fossil 
energy. Figure 2.12 also indicates that the EFSU depends heavily on energy in their 
production processes (7.9 percent), and spends a large share of their energy bill to 
fossil energy (50%). Thus the impact of energy taxes in EFSU to reduce emissions will 
lead to large changes in the demand for fossil energy. And unless EFSU gets 
compensated for abatement, this will also lead to a relatively high impact on 
production. 

Table 2.5 informs on the production of energy sectors, the importance of the fixed 
factor in production, and the availability of the reserves in the different WorldScan 
regions. It can be seen that the yet-to-find reserves in the oil sector in ROW amount up 
to 61 percent of the global resources, whereas ROW accounts for 60 percent of global 
production. The importance of the fixed factor seems to be limited in all regions, but 
in ROW oil reserves equal 1.61 percent of GDR The higher this percentage is, the lower 
the substitution elasticity. The reserves are the volume component of the fixed factor. 
Countries with large amounts of reserves also have low supply prices of the specific 
energy carrier. Thus also the USA will generally have low gas supply prices, and thus 
any uniform energy tax will have a large impact on this sector. 

Table 2.5. Production and reserves in oil and gas sectors (1997) 

OECD EFSU ASIA ROW 
USA EU JAP POE 

Production share at world markets 
Oil 
Gas 

Input of fixed factor of energy 
sector in macro-production (% of GDP) 
Oil 
Gas 

Reserves (% of global reserves) 
Oil 
Gas 

11 
25 

o.n 
0.10 

10 
22 

11 
12 

0.11 
0.05 

10 
12 

0 
0 

0.00 
0.00 

0 
0 

6 
8 

0.41 
0.27 

5 
9 

8 
27 

0.86 
1.12 

9 
29 

5 
10 

0.15 
0.11 

6 
10 

60 
17 

1.61 
0.19 

61 
18 

Source: Dimaranan and McDougall (2002); Babiker et al. (2001); own calculations 

Consumption 
The presentation of the sector dimension already highlighted the preferences for 
energy in the consumption bundle, as well as the difference between final and 
intermediate demand for energy. The C02 emissions depend on the fuel mix that 
serves as input to electricity generation and heat demand. C02 emission calculations 
are based on the intermediate and final demand of energy. The emission coefficient is 
the highest for coal, followed by oil. Gas is the fossil energy that has the lowest 
carbon content. Below, Figure 2.13 presents the C02 emissions, the different sources 
of the emissions, and the share distribution of the carbon emissions of the different 
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Figure 2.13. Emissions (Gt Cj from different sources in all global regions in 1997 

regions. The USA (oil) and Asia (coal) account for almost 25 percent of the global C02 

emissions. Also it can be seen that in EFSU the demand for gas is the main source for 
emissions. Marginal costs of the carbon emission reduction policy are lower in 
countries with relatively large shares of the type of energy that has the highest 
emission-coefficient. This holds especially for the USA and Asia. 

Trade 
Table 2.6 indicates net-exports of the oil, gas, and coal sectors as a percentage of 
production. A positive entry in Table 2.6 implies that a region is an exporter, and a 
negative number implies an importer. The exporters of energy are the coal sector in 
the USA, and all energy sectors in POE, EFSU, and ROW. The exporters of energy are 
the losers in the case of carbon emissions policies, because these countries - as the 
energy net-importing countries - are faced with energy taxes on the demand for 
energy and thus have to substitute away from carbon -intensive fuels and energy. But 
energy exporters will also be confronted with a declining income flow from energy 
exports. The second observation is that ROW (including the Middle East energy 
exporting countries) has the highest export quotes in the oil sector. Second, despite 
the fact that USA accounts for 11 percent of the global oil production (see Table 2.5), 
they still import almost 150 percent of their production value from foreign countries. 
This applies to a lesser extent to the EU (11 percent production of global oil 
production and 105 percent net export quote). Also important is that Japan has 
virtually no production by energy sectors, and imports all energy, which explains that 
"large" negative entries in Table 2.6. 
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Table 2.6. Exports as percentage of production (1997) 

OECD EFSU ASIA ROW 
USA EU JAP POE 

Exports as percentage 
of production (1997) 
Coal 8 
Oil -151 
Gas -15 

Source: Dimaranan and McDougall (2002) 

Prices, existing taxes and subsidies, and tariffs 
The carbon tax will be less effective when current energy prices (including pre
existing taxes) are higher. Figure 2.14 presents the price levels of coal and oil, with 
and without pre-existing distortions (in 1997 USS per ton oil equivalent). Gas is not 
included in this figure, because it is of less importance to the C02 emission level of a 
region. 

Within the OECD, prices of energy (including distortions) are the highest in Japan and 
the EU. But the price level of oil in POE is the highest, although their coal prices are 
much lower. The lowest coal prices occur in the USA. But the energy prices are much 
lower outside the OECD area, especially the coal prices. The distortions are strongly 
negative in EFSU, China, and India. These are also the regions, winch will show large 
emission reductions at uniform carbon taxes over regions and any emission reduction 
policy should be seen as a strategy that results in a removal of the existing subsidy on 
coal. Figure 2.11 also shows one outlier, i.e. coal price (including distortion) in Latin 
America, but seems to be of little relevance to the WorldScan simulations because of 
the importance of oil to this region (LAM includes Venezuela). Also it can be seen that 
the distortions on coal are larger than on oil. The distortions on energy are mostly 
positive in the OECD area, except for coal in the USA and POE, perhaps explained by 
their large resources (see Table 2.5). 

2.4 Calibration29 

The calibration of the model occurs in two stages: i.e. it occurs with respect to [1] the 
baseyear, and [2] the dynamics of the baseline scenario-50. The setup of this section 
follows the previous ordering of topics in the model: step-by-step section, i.e. it will 
start with production, demand, and trade at the macro level, followed by the same 
topics at the sectoral level, and finally concluded with energy markets. 

This is based on CPB (1999) and Verweij (2002b). 
This will be extensively explained in chapter 3.3.2. 

-81 -3999 61 
105 -147940 13 
-40 -1019 51 

7 -3 13 
30 -176 63 
11 18 16 
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Figure 2.14. Prices olprimary energy in all region*, in 1997 I 

60 

4.5 

30 

1.5 

0 0 J irlirl Jrl JlrlrLL ± A 
USA EU JAP 

• Coal with distortions 

• Oil with distortions 

POE CEA FSU LAT 

• Coal without distortions 

• Oil without distortions 

MNA SSA CHI SAR SEA 

Source: Dimaranan and McDougall (2002): own calculations 

Production 
The production function is characterized by substitution parameters, cost share 
parameters, and a to unity fixed technology levels. Share parameters at all nests are 
straightforwardly derived from inverted factor-demand functions. This leads for 
example at the VA nest level to the following eguation 

j = LSI.. HSL, CPE (20) 

with p the price of input, q the volume of input i, and with the VA-inputs equal to 
Low and High skilled labor (LSL and HSL), and capital goods (CPE). Th p.q: are taken 
straight from GTAP, and 

/>,</, = l-XO' </ ) ƒ C {FIX, T1M.TEN} (21) 

Once cost shares are determined, the specific input prices can also be derived from 
the inverted price equations resulting from optimization. Thus, we have for the price 
of the VA-nest 

p. = II 
I (22) 

and this enables us to make the volume-price split for each nest level that is needed 
in case of e.g. labor, the fixed factor in case of energy. The cost-share parameters of 
the lower nest-levels are determined in the same way as above. 
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Technological development is one the most important driving force in WorldScan. 
Lejour and Kets (2002) produced a stylized fact from estimates of sectoral TFP growth, 
over time and across countries. This global stylized fact is added by country-specific 
factors in order to meet desired long-term growth of country-specific GDP per capita. 
This results in country and sector-specific TFP growth factors. These TFP growth rates 
are adjusted to close - at least to some extent - the technology gap at the sectoral 
level within macro-regions. The technology gap is measured as differences in 
productivity (see Chapter 3 for more details). Combining GTAP and WorldScan 
assumptions on production functions, productivity (TFP) indices can be calculated. 

Consumption 
On the macro level we need the savings-guote, which is derived immediately from the 
GTAP5-database. 

On the sectoral level, we need to calibrate the marginal budget share parameter o.^ 

following from inverting the eguation for the elasticity of income of LES, which reads as 
a. = "A (23) 

The subsistence parameter gi provides in the calibration the consistency with the 
budget shares wi in the base year: 

M.= w, + £L ƒ c {FIX. TIM, TEN} (24) 

The scaling-factor to the utility-function is added, and gives unity macro 
consumption-prices in the base year. The income elasticities ei and the Frisch 
parameter w (and of course the prices pi and the available income Y, which are 
endogenous to WorldScan) are sufficient for the calibration of the LES demand-
system, which is derived from the GTAP5-database. 

Finally, a concordance-matrix is derived from producer-sector values to consumption-
data as reported in the GTAP database. This concordance-matrix is kept constant 
throughout the simulation period. 

Trade 

On the macro level we have to account for some identities, and at the sectoral level 
we estimate the Armington elasticities. 

First, take a look at the macro level. Because the data on exports (X) and imports (M) 
come from the GTAP and Net Foreign Income (NFI) from investments is determined 
endogenously during calibration, we assign the difference between X-M and NFI to 
Net Foreign Income Transfers (NFIT) and make this an exogenous variable to the 
WorldScan model calculations. 

Moreover, in the calibration process we determine the (starting) capital stock of every 
region, and hence start with the data of Lane and Milesi-Ferretti (2001) on the Net 
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Foreign Asset (NFA) position of the regions. These NFA's necessarily sum up globally to 
null, an by imposing a Solow-growth condition, and assuming investment prices to be 
equal to one in every region, then makes the NFI from investment also sum up 
globally to null. 

The relative capital costs are determined by the formula PK-0THER / PK,USA
 =

 ^OTHER / 
nusA. The level of the capital costs, i.e. PK, is chosen to comply with a global Solow-
growth condition, and thus athe global level savings are just enough to meet the 
demand for capital as is expected by depreciation, expected labour supply growth 
and the expected TFP-growth. The savings come from the GTAP5-database (see above) 
and depreciation and expected labour supply growth are exogenous. The expected 
TFP-growth is determined to meet a fixed expected growth in GDP per capita. Growth 
in GDP is composed of growth of TFP, labour supply (exogenous) and capital. Growth 
of domestic capital is assumed to be equal to the growth in total capital stock of a 
region. Thus (expected) TFP-targeting is determines the starting capital stock of a 
region, whereas later on for simulation TFP-targeting will be used to match some 
prescribed GDP-growth. 

The Armington trade specification includes elasticities that describe the preference of 
the consumption of domestically over internationally produced goods. The concept of 
this trade specification is based on Armington (1969), and the price elasticities 
describing the substitution possibilities between the two types of goods are called 
Armington trade elasticities. As also pointed out before, WorldScan assumes a low 
short-term and higher long-term Armington elasticities, emphasizing the Law-of-one 
price in the long run. At the sectoral level we have to calibrate preferences to the 
GTAP database, and this is done by the following equation 

P, = ^'AC,,v 2 X - 1 (25) 

with ms the market shares as derived by equation (16), p d l b the price of consumption 
good c by h delivered to b as calculated by equation (13), E the short-term price 
elasticity, and (e - 1) / 6 + 1 the long term price elasticity31. 

WorldScan allows for the existence of tariffs and taxes that are based on GTAP. The 
implementation of a scenario assumes these exogenous tariffs/taxes to be either 
prevailing in its current form, or to be reduced or even completely removed. There 
are tariffs on both imports and exports. 

Energy markets 
The GTAP database is the main data source. GTAP provides a consistent set of input-
output tables and bilateral trade data in current prices for 1995, but also an extensive 

31 Thus the lower the 6. the more sensitive market shares are to price differences. 
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set of tax payments is included. In the WorldScan core version32 all baseyear prices 
are set equal to one. As a result, volumes derived from values divided by prices have 
not the right value. To evaluate emissions, 'real' energy volumes are needed. Early 
versions of the GTAP database don't have very reliable energy data. However, the 
GTAP IV-E, and GTAP V databases are considered to be an improvement, because it 
includes "realistic" energy volumes and prices from IEA (1997). Implicit prices are the 
result of confronting the regional value of output and trade with volume data of 
output and trade. There is a difference between domestic and internationally trade 
prices. In WorldScan, energy subsidies are calibrated and assumed to cause these 
differences33. Baseyear volume data on the input of biofuels and renewables (as a 
percentage of fossil fuels) are drawn from the IMAGE model as reported in IPCC 
(1999). The biofuels and renewable prices are set to equal to the prices of agriculture 
and services, respectively. 

Energy technological growth can be interpreted as the annual reduction of the 
demand for energy per unit of output at fixed levels of inputs and input prices. The 
baseline scenarios used in this book assume prescribed energy growth rates. Energy 
specific technology is added for all inputs in the energy nest. Thus - as is the case 
with overall technology and GDP - energy specific technological change is the 
calibrated residual34 between all the exogenous variables, parameters of the model, 
the model and the energy demand assumptions. 

Energy specific technology is calibrated uniformly across sectors and regions within a 
macro-region for each demand category. It is chosen to calibrate the total energy 
demand, electricity, coal, gas, biomass and other non-fossil fuels (thus also 
accounting for the development of total oil demand). There is no emphasis on 
constructing own energy scenarios, but zoom in on global energy futures developed 
by others. This is done by having WorldScan calculate for the OECD the total demand 
for energy - at a fixed technology level, i.e. the Autonomous Energy Efficiency 
Improvement (AEEI) factor - and if it is higher than the fixed total, then extra 
technology is augmented till calculated and prescribed amounts match. Thus the 
procedure of calibrating energy technology has similar characteristics as the 
calculation of additional TFP growth. 

Finally, WorldScan also includes a mechanism on resource depletion in oil and gas 
sectors, which however does not require any further calibration. The mechanism as 
described before, will hold for any scenario. 

The latest version of WorldScan uses a slightly adjusted sectoral aggregation ol sectors compared to CPB 
(1999). see Lejour (1999) for a detailed briefing on these changes. 
They are chosen to be equal lor all sectors, which is a strongly simplifying assumption. For example, in die 
European Union it is well known that heavy industries are confronted with lower energy taxes than the 
other sectors. However. WorldScan distinguishes only one energy-intensive sector, and therefore a uniform 
subsidy level does not generate large errors in sectoral impacts when simulating a carbon emission 
reduction policy. 
Policy simulations assume technological progress to be equal to these calibrated exogenous values. 
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2.5 Conclusions 

WorldScan is a standard AGE model. Its' regional and sectoral detail has been chosen 
at such a level to be able to analyze on the one hand meaningful long-term impacts 
of the climate emission reduction strategies. And on the other hand it has been 
chosen considerably detailed enough to be able to analyze impacts beyond the 
theoretical abstract level of analysis that some models provide us with. Hence the 
production structure is models five CES-nest composites, and one CD VA-nest 
composite. Saving rates are fed with empirically founded stylized facts, and thus 
depend in the model on the growth of income, as well as the level of income, and 
finally the demographic composition. Also on the consumption side, the 
distinguished varieties differ from the production varieties. The concordance-matrix, 
which is time-independent for all scenario simulations, assures a one-to-one mapping 
between the production and consumption categories. On capital markets WorldScan 
assumes imperfect mobility across borders, and hence allows for region specific 
interest rates. And trade in other sectors will be confronted with a low Armington 
specification on the short term moving to a very flexible Heckscher-Ohlin type of 
international market in the very long run. Energy is modeled in such a way that the 
model allows for realistic impacts of emission abatement. The model thus allows 
within each sector for energy savings, fuel switching across fossil fuels, but also to 
non-fossil fuels, and the equilibrium perspective is assured by the possibility to switch 
inputs across sectors. 

The limitations of the WorldScan analyses that need to be emphasized here concern 
the exogenous role of the government, the lack of rational expectations with longer 
time horizons, the unemployment assumption or the lack of wage rigidities, and the 
focus on C02 emissions (and disregarding the other greenhouse gases). The model 
also has some strong points, i.e. heterogeneity of the agents, it's equilibrium focus of 
analysis, and the empirical bases for long term consumption preferences, and the 
trade dimension with long-term H-0 specialization patterns. 
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Appendix Some Mathematics on the Model 

The costs for the individual firm are defined as 
c = X /' </ j = oil inputs (A 1) 

where p and g denotes the price and the demand for factor j , respectively. 
Optimization leads to expressions for aggregate unit prices and factor demand. Prices 
are determined bottom-up, factor demands are determined top-down. 

1 r-rf P, T 
p< = 711 — i = low skilled, high skilled, capital, fixed factor (A2) 

p, =^r+a,./?r)""". <T=X-p o<p<«. (A3) 
The price of every composite is the weighted average of the marginal costs of the 
underlying production factors. The price of value-added pv is the Cobb-Douglas 
aggregate of the prices of labor, capital and the fixed factor. At the top level the unit 
cost p is the CES-aggregate of the prices of value-added and intermediate goods. 

The input prices of the production factors are defined below. The input price of labor 
eguals the wages for high and low-skilled labor. Because we assume that existing 
capital stock could be sold after one period - correcting for depreciation - capital costs 
are equal to the real return on capital r, compensation for entrepreneurial risk =, and 
depreciation times the investment price p,. For the intermediate inputs the price is 
equal to the user price. 

p, =w, 1 = low skilled, high skilled (A4) 

PK =(r+o + S)p, 

P, - Pa j = intermediate good (A6) 

The cost share parameter, the demand at the higher nest level, the price ratio and the 
substitution parameters determine factor demand. 

91 — 
p. 

</| — 
Pv 

(A7) 

<7, = «//,/', 'P, l = l°w skilled, high skilled, capital, fixed factor (A8) 

Total demand for a good within a country is the aggregate intermediate (g) and 
investment demand (<7rap;m/). and final consumption. 

Px = X(*,P/*' r "• • ° r jz— / = °̂  otlierintermediate inputs (A9) 
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», = (*,?!"' +«,</'," ) " o = ]/ 
p. 

</, =« ,< / . 

'7, = «,</, 
r 

) = energy, materials 

1 = all intermediate inputs 

P. - S VA Pk°' /"' • a.= k = all energy inputs 
•-P, 

IK =<M, iV = a/7 energy inputs 

(A10) 

(All) 

(A12) 

(A13) 

(A14) 
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Table 2.7. Share contribution of sectors to GDP (1997) in all WorldScan regions 

World 
OECD 
ROW 

USA 
EU 
JAP 
POE 

EE 
FSÜ 

LAM 
MEA 
APR 

CHI 
IND 
DYN 

Elec
tricity 

2 
2 
1 

1 
2 
2 
2 

2 
1 

1 
1 
2 

1 
2 
2 

Raw 
materials 

2 
1 
6 

1 
1 
0 
4 

4 
15 

4 
15 

8 

7 
3 
3 

Agri
culture 

5 
2 

12 

1 
3 
2 
3 

7 
3 

10 
9 

16 

18 
23 

9 

Con
sumer 

7 
5 

11 

4 
7 
5 
6 

12 
7 

13 
9 

10 

12 
10 
9 

Capital 

9 
9 
8 

8 
9 

11 
7 

10 
8 

8 
5 
5 

10 
5 

13 

Energy 
intensive 

9 
8 
9 

6 
11 

9 
9 

12 
6 

10 
7 
8 

11 
8 
9 

Inter
national 
Services 

20 
20 
20 

20 
19 
23 
24 

20 
20 

21 
21 
22 

18 
20 
20 

Domestic 
Services 

47 
52 
32 

57 
50 
48 
44 

33 
40 

33 
34 
28 

22 
28 
36 

Table 2.8. Energy expenditures by sectors in all WorldScan regions 

USA EU JAP POE EE FSU LAM MEA AFR CHI IND DYN 

Agriculture 
Raw Materials 
Energy-Intensive 
Consumer 
Capital 
Services 

(International) 
Services 

(Domestic) 
Electricity 

4 
2 

38 
6 
4 

4 

23 
19 

2 
1 

41 
7 
6 

6 

22 
15 

1 
0 

34 
9 

10 

6 

25 
15 

2 
5 

47 
4 
3 

5 

17 
16 

2 
2 

38 
6 
4 

4 

11 
32 

4 
3 

46 
2 
2 

5 

12 
27 

3 
3 

50 
8 
4 

4 

14 
14 

3 
4 

54 
4 
1 

2 

15 
17 

3 
11 
31 

8 
1 

4 

11 
32 

2 
2 

49 
8 
6 

4 

9 
20 

10 
3 

32 
9 
4 

4 

13 
25 

2 
1 

52 
7 
8 

3 

14 
14 
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