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RESULTS FOR THE OECD COMPARATIVE MODELLING
PROJECT FROM THE WHALLEY-WIGLE MODEL

This paper forms part of an OECD project which addresses the issus of
the costs of reducing COz emissions by comparing the results from six global
models of a set of standardised reduction scenarios. The paper provides
evidence on; 1) projected carbon dioxide emissions through the next century,
and ii) the carbon taxes and output costs entailed in reducing these emissions.

* % %X % %

Ce document fait partie d’un projet de 1’OCDE qui s’interroge sur les
cofits de réduction des émissions de CO2 en comparant les résultats de six
modéles globaux formés d’un ensemble de scénarios standardisés de réduction.
Cette étude met en évidence ; i) les émissions projetées de dioxyde de carbone
d’igi & la fin du siécle prochain et ii) les taxes sur le carbone et les colts
de production que suppose la réduction de ces émissions.
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Results for the OECD Comparative Modelling
Project from the Whalley-Wigle Model

John Whalley and Randall Wigle1

1. nfroduction r

This paper presents estimates of global and regional costs of carbon taxes required to meet
alternative emission reduction targets generated by the Whalley/Wigle global environment
modelling effort previously used to evaluate the international incidence effects of carbon taxes (see
Whalley and Wigle, 1991b)2. The results we present suggest that the global costs involved with
cuts in carbon emissions as proposed in the scenarios specified for the OECD comparative
modelling effort, range from 6 percent of GDP over the period 1990 to 2100 for a one percent cut
in the annual growth of emissions, to 19 percent for a three percent cut, with approximately 16
percent being the cost for stabilizing emissions at 1990 levels.

In the text we further discuss these estimates, which also show a sharp non-linearity in the
marginal cost of emission abatement with respect to incremental abatement levels. This, we
suggest, is consistent with the intuition from public finance discussion of the Harberger triangle
rule for the marginal welfare cost of taxation. We close by presenting some sensitivity analyses,

and discussing the implied carbon tax rates involved.

! We are grateful to Jean-Marc Burniaux, Andrew Dean, and John Martin for helpful
comments.

2 This analysis has subsequently been extended to also look at incentives for participation in
various subglobal carbon emission reduction arrangements (see Piggott, Whalley and Wigle
(1991)).



2. The Model and Its Numerical Specification’

The OECD project has aimed at presenting 2 number of global environmental models with
common scenarios for possible global carbon emission reductions out into the next century; the
idea being to draw out differences in model results, and with them key elements of madel structure
and parameter values which account for these differences. We have used our model to evaluate
three proposed cuts put forward by the OECD; namely, a one, two and three percent cut,
respectively, in the annual growth rate of emissions relative to the base case assumed in the model,
out to the year 2100. A fourth case of stabilizing emissions at 1990 levels has been added to
provide a further frame of reference for results.

Our model is a classic general equilibrium model with full global market clearing, and price
endogeneity linking a series of interrelated regional or country markets. It is important to keep .
in mind that it has been constructed largely with a particular issue in mind; namely, the
multicountry incidence effects associ‘ated with potential carbon tax schemes. At point of
construction it, therefore, consciously sought to take account of regional differences in endowments
(particularly of carbon-based energy), trade patterns, income levels and other key characteristics
which would, in part, determine which countries (or regions) might bear the burden of any global
carbon tax implemented to reduce global emissions. Results of our earlier work (Whalley and
Wigle (1991b)) also strongly emphasized that regional effects of such a tax depend critically on

how it is designed; as a consumption or production tax, or as a global tax with revenues recycled

3 This section draws heavily on the mode! description in Whalley and Wigle (1991b). See also
the presentation in Whalley and Wigle (1991a) of earlier, preliminary calculations made using a
simplified version of this model.



to countries or a national (regional) tax with revenues retained in the country. Here we are asked
to analyze only one of these, a national (regional) consumption tax.

We use a single-period analysis in our model as in our original work, which took the forty-
year period from 1990 to 2030 as one single period. In the present analysis, the single period now
refers to 110 years (1990 to 2100) rather than 40 years (1990 to 2030). This single-period
treatment greatly simplifies both the model and its application to policy questions of the type
examined here, but it is unable to give any insights on the time path of carbon tax rates, emission
levels, trade and welfare over the period.

Six regions are identified in the model: four OECD regions, oil exporters, and a single
region capturing developing countries and formerly centrally planned economies. Each has a
production structure, covering carbon and non-carbon based energy, as well as energy-intensive
and non-energy-intensive products. There is full market clearing throughout the model with CES
functions used, bringing into the structure key elasticities of substitution on both the demand and
supply sides.

The effect of cuts in carbon emissions is to increase the price of carbon-based energy. This
has the further effect of encouraging substitution, first between carbon and non-carbon based-
energy (solar and nuclear), then between energy-intensive and non-energy-intensive products and
methods of production, and also between energy and other goods. Because the benefit side of any
resulting slowing of global warming is not captured in the model, all these reallocations involve
costs in the model relative to a case of no intervention.* The model does not incorporate

substitution between energy types: oil, coal, and natural gas.

* The benefit side does appear in Piggott et al. (1991).



To analyze the scenarios proposed by the OECD, we generate counterfactual analyses for
each scenario which we use to provide an indication of what could happen to the global economy
following the carbon emission reduction initiatives proposed.

The model incorporates trade, production, and consumption of both energy and non-energy
products for a number of countries (or groups of countries) over a single 110-year projection
period, 1990-2100.¢ To keep the mode! manageable, fuel types within the broader category of
carbon-based energy products are not identified, even though in practice the various elements
within this category (oil, coal, natural gas) would be treated differently in any emission reduction
plan. The model also does not incorporate existing taxes on energy products. In practice, these
vary by region, and could also affect results.

In the model, the world is divided into six regions, as indicated in Table 1. The European
Community, North America and Japan are separately identified. Oil exporters include all OPEC
countries, and major non-OPEC energy exporters. Most developing countries (those who are not
oil exporters) are included in a residual rest-of-the-world category, along with the centrally planned
economies. Data difficulties preclude a separation between the two groups (i.e., between centrally

planned and other developing countries).

5 This has been chosen somewhat arbitrarily to capture the initial period and subsequent
intermediate term during which carbon reduction schemes would have its largest effects, since with
discounting the significance in present value terms of later-year effects recedes. It is relatively
easy to run the model for a longer projection period (say, 150 or 200 years), and were this done
we believe that the main themes of our results would remain.

¢ A weakness of this 110-year projection period approach is that in the base year data used for
these projections, most carbon energy trade takes place in oil rather than in other carbon-based
fuels. If, as some expect, trade in oil is slowly replaced by trade in coal into the next century, the
data used here may be misleading since the countries who are potential future coal exporters (U.S.,
U.S.S.R., Australia, China) are quite different from current oil exporters.



The nested functional structures used in the model to represent production and demand in
each region are set out in Table 2. Each region is endowed with four non-traded primary factors:
(i) primary factors, exclusive of energy resources, (ii) carbon-based energy resources (deposits of
oil, gas and coal), (iii) other energy resources (hydro-electric capacity and nuclear), and (iv) sector-
specific skills and equipment in the energy-intensive manufacturing sector. Both energy resources
are converted into the relevant energy products through a refining/extraction process, which uses
other resources (primary factors). There are three internationally traded commodities in the
equilibrium system: carbon-based energy products, energy-intensive manufactures, and other
goods (all other GNP). Energy-intensive manufactures, other goods, and the composite energy
product (carbon-based and non-carbon-based energy) are the commodities which enter final
demands.

For each of five produced goods in each region (listed in Table 2), production is
represented by a constant elasticity of substitution (CES) function. Carbon-based and non-carbon-
based energy products use the respective energy resources and primary factors. Non-carbon-based
energy products are non-traded, since hydro-electric, solar and nuclear power are not traded in
significant quantities between the regions as defined here’. A domestic energy composite is
produced by a third (energy conversion) industry, using inputs of the two energy products. The
two final-goods (energy-intensive manufactures, and other goods) use primary factors and the
composite domestic energy product as inputs. Perfect competition is assumed throughout for all

sectors and in all regions.

7 While there is trade in radionuclides, this is ignored.



Tgblg 1
Regions in the Global Equilibrium Model Used
to Evaluate Carbon Reduction Initiatives
EUPOPEAN COMMUNITY (of the 12)
NORTH AMERICA (U.S., Canada)

JAPAN

OTHER OECD

Austria, Switzerland, Finland, Iceland, Norway, Sweden, Australia, New Zealand

OIL EXPORTERS (OPEC countries, plus major non-OPEC exporters)

Algeria, Libya, Nigeria, Tunisia, Mexico, Venezuela, Indonesia, Iran, Iraq,
Kuwait, Saudi Arabia, United Arab Emirates

REST OF THE WORLD (Developing Countries and Centrally Planned Economies)

This is a residual category containing all other countries; including USSR, Eastern
Europe, China, Brazil, India, and other developing countries not in category 5.
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Table 2
Production and Demand Structures in the
Global General Equilibrium Model Used to Evaluate
Carbon Emission Reduction Initiatives

Factors and Goods in Each Region

Endowments Produced Goods
Carbon-Based Energy Carbon-Based Energy
Resources (CR) Products (CP)
Non-Carbon-Based Energy Non-Carbon-Based Energy -
Resources (ER) Products (EP)
Sector-Specific Factors Composite Energy (E)
in Energy-Intensive Energy-intensive Goods (EI)
Manufacturing (SF) Other Goods (0OG)

Other Primary Factors (PF)

Structure of Production in Each Region (CES' Functions used

at each stage)

Stage 1: Production of Enerqy Products

PF CR PF ER

\ / \ _/
cP EP

Stage 2: Production of Composite Enerqgy

cp EP

\_/
E

Stage 3: Production of Energy-Intensive and Other Goods

E SF PF E PF

v \ _/
EI oG

Arguments in Final Demandsg
EI, OG, B
Commodities in Which International Trade Takes Place

EI, OG, CP

! CES denotes “"constant elasticity of substitution”.
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Equilibrium in this model involves full global market clearing in the single 110-year period
in all three traded goods (carbon-based energy products, energy-intensive mar;ufactures, and other
goods). For the two non-traded goods (non-carbon energy products, and composite energy) there
is domestic market clearing within each economy. Since prices in this system are treated as
completely flexible, they will adjust to the levels required to clear the relevant international and
domestic markets.

The introduction of a carbon reduction initiative into this s;ystem will raise prices of
carbon-based energy products, and hence the price of composite energy to users, and reduce prices
to producers. This will have the effect of cutting both consumption and production of carbon-based
energy products, with prices adjusting until the global market in carbon-based energy products
clears. If only prices to consumers increase, the cost of the reduction initiative will have been fully
passed on to users of carbon. If prices to consumers change little, then the cost will have been
passed backwards to producers of carbon energy-based products. Substitution will also occur
between carbon and non-carbon energy products, and between the energy composite product, and
other inputs. The strength of all of these effects depends on the elasticity values used at the
respective nodes in the nesting of substitution possibilities set out in Table 2.

To evaluate the effects of alternative carbon emission reduction schemes on the six regions,
we use the model in what we term counterfactual mode®. This involves constructing a base (or
reference) case solution to which the equilibrium model is calibrated® (i.e., parameters are chosen

such that the model will reproduce the base case data as a full equilibrium solution prior to any

® This is a technical term used in the applied general equilibrium modelling literature; see
Shoven and Whalley (1984, and 1992) for more details.

® See Mansur and Whalley (1984).
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policy change being introduced). The base case data thus fully describes a no-policy change model
solution. In this case, this is 4 general equilibrium model solution covering the 110-year period,
1990-2100, with transactions represented in present-value terms. Different carbon emission
reduction initiatives can then be introduced, with a new equilibrium (counterfactual equilibrium)
solution computed for each. Using a pair-wise comparison (base case versus counterfactual),
international incidence effects over the period 1990-2100 are evaluated following each such

calculation.

Data

The model is benchmarked to a base case equilibrium solution which has been constructed
to represent the future evolution of the global economy over the 110-year period, 1990-2100. The
model is solved to yield a 110-year base line solution representing the world economy in the
absence of any response to global warming over the period 1990-2100 (in discounted present-value
terms at 1990 prices, and in $US billion). Policy experiments are then evaluated against this base
line, with a comparison of the base and counterfactual equilibria.

To construct this base case solution, Hicksian neutral growth is assumed to occur in each
of the regions in the model at average growth rates reported in the 1989 World Development
Report. These are assumed to apply over the entire period under consideration, including the
interim period 1982-1989. The Qil Exporting region is assumed to grow at 2.5 percent, the Rest-
of-the-World at 2.7 percent, and the remaining regions at 2.3 percent. Each region’s endowment
of non-produced factors during this period thus reflects the present value of their resources (at
constant prices) over the entire period. We assume that a § percent real discount rate applies for

all years in the period.
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