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LONG TERM MODEUNG OF THE LINKS BETWEEN ECONOMICS,
TECHNICAL PROGRESS, AND ENVIRONMENT:

EVOLUTION OF APPROACHES AND NEW TRENDS

ABSTRACT

This paper examines the evoi_ior_ of modeling on greenhouse gas emissions. The paper briefly
highlights the origins and early efforts to model greenhouse gas emissions, efforts subsequent to 1988, and
the shape of the next generation of greenhouse gas emissions models. Particular emphasis is placed on
the author's own contributions, includin_ i,he Edmonds-Reilly Model and the second generation model.

I. EARLY MODELS OF GREENHOUSE GAS EMISSIONS

Efforts to model potential future greenhouse gas emissions have been underway since the 1970s. The
earliest efforts used simple extrapolation techniques such as time trend analysis (JASON, 1979), and logistic
curve analysis (Keeling and Bacastow, 1977: Rotty, 1977,1979; Siegenthaler and Oeschger, 1978). These

models lead to extremely high fossil fuel CO 2 emissions forecasts. JASON (1979) anticipated fossil fuel
carbon emissions of 383.5 PgC/yr in the year 2075. Such early models were developed by natural
scientists, not social scientists, in an effort to produce input to carbon cycle models of atmospheric

accumulation of CO2. They were narrow in that they did not consider either non-CO2 gases or non-energy
emissions sources. They were extremely simplistic with only a small number of parameters and utilized
expert judgment to a high degree. They were global in scale but contained no regional detail. They were
incapable of assessing potential policy interventions to alter emissions trajectories.

The late 1970s and early 1980s saw a flowering of interest by social scientists in greenhouse gas
emissions. The primary focus of this work, and of ali work prior to 1988, continued to be the development
of "business as usual" cases which could serve to establish potential future concentrations of atmospheric

CO 2. The question at issue was "Is there a greenhouse problem or is the issue just an interesting venue
of scientific inquiry?.''1 Many of the models used to forecast emissions were originally developed to supporc
energy analysis spawned by the "energy crisis" of the 1970s.

During this period the International Institute For Applied Systems Analysis (IIASAI in Europe became a
leading center for work on energy and greenhouse gas emissions. IIASA programs led to several important
publications: Niehaus and Williams (1979), Colombo and Bernadini (1979), H&fele (1981), and Lovins et al.
(1981). Much of this work used the IIASA global energy model. The IIASA energy model was in fact a
combination of several models: MEDEE-2, MESSAGE, and IMPACT. The two key models were MEDEE-2
and MESSAGE. MEDEE-2 was the energy demand model, lt required the user to specify energy services,
technologies available to provide those services, rate _f penetration of those technologies, and the energy
modes associated with each. lt contained a referc .ce technology data base, but the model had little
behavioral detail. That is, it assumed neither optimization nor a set of behavioral patterns characteristic of
decision makers, lt operated more as an analytical tool for the researchers. MESSAGE. on the other hand.
was an energy supply model, lt estimated minimum cost configurations of primary energy supply to provide

Some attempts were made to assess the potential for taxes to reduce emissions. These studies included for example,
Edmonds and Reilly (1983), Nordhaus and Yohe (1983) and Nordhaus (1979). In general they were pessimistic regarding the cost
of emissions reductions. Edmonds ancl Reilly, for examole concluded that taxes on foss=l fuels as high as 100% of the price of coal
were ineffective m staDilizing emissions.
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the secondary energy demands computed by MEDEE-2. Because MESSAGE was a linear programmin_
optimization model, the users needed to constrain model behavior so that results remained plausible.
There was no computer connection between MEDEE-2 and MESSAGE. Balancing supply and demand for
energy was accomplished by changing assumptions in either MEDEE-2 or MESSAGE and rerunning the
models until they were reasonably consistent. The IMPACT model was a Leontieff model of direct and
indirect energy costs, lt was run after a solution was obtained for the MEDEE-2/MESSAGE models and
provided information to guide researchers in the reformulation of assumptions used to run MEDEE-2 and
MESSAGE.

The IIASA modeling system came under intense attack in the early part of the 1980s, primarily by Keepin
(1983, 1984) and Keepin and Wynne (1984). Keepin and Wynne noted that MESSAGE output files directly
reflected assumed constraints in the input .lies. Keepin (1984, p.201) declared that the "results are
essentially carbon copies of various unsubstantiated assumptions and arbitrary projections that were
supplied as inputs to the mathematical analysis... Quantitative analysis behind the scenarios does not
support the conclusions drawn from them." The debate which followed was spirited. H&fele and Rogner
(1984) rebutted the IIASA critics. They argued that the models were merely tools, and could never be
expected to substitute for the expert judgment of researchers. The debate tarnished the luster of the IIASA
modeling system and the IIASA model never regained its former prominence.

During that same period, a similar intensity of greenhouse gas emissions research existed in the United
States. Models were developed by Nordhaus (1979), Nordhaus and Yohe (1983), Edmonds and Reilly (1983,
1985), and Manne (1984). The most prominent of these analyses were those of Nordhaus ana Yohe and
Edmonds and Reilly. The Nordhaus and Yohe work was conducted for the United States National Academy
of Sciences. In the 1983 work Nordhaus abandoned his linear programming model of CO 2 emissions
(Nordhaus. 1979) in favor of a highly aggregated (one region, two fuels), 10 variable, parametric energy-
economic model. While the model is extremely simple, it proved very useful in framing a number of key
issues. The model was encased within a Monte Carlo simulation framework, and therefore results were

produced for a wide range of scenarios. Emissions and energy results could be presented as frequency
distributions. Nordhaus and Yohe assumed a probability distribution for ali input variables and randomly

- sampled input data sets to create scenarios. Couching input assumptions in terms of probability
distributions meant that a range of outputs could be generated, and the analysis moved away from simple
scenario development. Furthermore, this approach made it possible to identi_ relative contributions of
different model inputs to overall output variation and thus shed some light on areas of potentially fruitful
future researcl7 concentration,

II. THE EDMONDS-REILLY MODEL

The Edmonds-Reilly Model (ERM) was in many ways the most influential model of greenhouse gas_!
emissions developed during this period. Edmonds and Reilly, and later Barns, used the model extensively
to conduct analyses, including, for example, Edmonds and Reilly (1985), Edmonds et al. (1986), and
Edmonds and Barns (1990,1991,1992). 3 The model is distributed by the Carbon Dioxide Information
Analysis Center (CDIAC) in Oak Ridge, Tennessee, which has sent out 694 copies of the model to 27

2 Linear 0rogramming models will choose a single, cheaoest, tecnnology to provade ali energy services if unconstrained.

3 j, Edmonds, D. Barns, and M. Ton also used the model in 1992 to conduct an analysis for the United States Office of

=' Technology Assessment and the PNL Global Studies Program. The resulting paper was entitled 'Carbon Coalitions: The Cost
and Effectiveness of Energy Agreements to Alter Trajectories of Atmosloneric Carbon Dioxide Emissions.'
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different countries. 4 The ERM and modified versions of the model have been used in a wide variety of
analyses, including Rose et al. (1983), Seidel and Keyes (1983), Mintzer (198/), Lashof and Tirpack (1989),
Rotmans et al. (1989), Chandler (1989), CBO (1990), Cline (1992), and IPCC (1990, 1992). The ERM was
the only model designed explicitly to investigate fossil fuel CO2 emissions.

,,
The model has four modules: Energy Demand, Energy Supply, Energy Balance, and Greenhouse Gas

: Emissions. Energy demand for each of the six major fuel types is developed for each of the nine regions.

i Five major exogenous inputs determine energy demand: population; labor productivity; exogenous energy
end-use intensity; energy prices; and energy taxes, subsidies, and tariffs.

The energy-demand module performs two functions: it establishes the demand of energy and its
services, and it maintains a set of energy flow accounts for each region. Oil and gas are transformed into
secondary liquids and gases used either directly in end-use sectors or indirectly as electricity. Hydro,
nuclear, and solar electric or fusion are accounted for directly as electricity. Non-electric solar energy is
included with conservation technologies as a reduction in the demand for marketed fuels.

The four secondary fuels are consumed to produce energy services. Energy is consumed by three end-
use sectors: residential/commercial, industrial, and transportation. The demand for energy services in each
region's end-use sector(s) is determined by the cost of providing these services and by the levels of income
and population. The mix of secondary fuels used to provide these services is determined by the relative
costs of providing these services using each alternative fuel. The demand of fuels to provide electric power
is then determined by the relative costs of production, as is the share of oil and gas transformed from coal
and biomass.

Energy supply is disaggregated into two categories, renewable and non-renewable. Energy supply from
ali fossil fuels is related directly to the resource base by grade, the cost of production (both technical and
environmental) and to the historical production capacity. The introduction of a graded resource base for
fossil fuel (and nuclear) supply allows the moaei to explicitly test the importance of fossil fuel resource
constraints as well as to represent fuels such as shale oil, in which only small amounts are likely available
at low costs but for which large amounts are potentially available at high cost.

The supply and demand modules each generate energy supply and demand estimates based on
exogenous input assumptions and energy prices. If energy supply and demand match when summed
across ali trading regions in each group for each fuel. then the global energy system balances. Such a
result is unlikely at an arbitrary set of energy pnces. The energy balance component of the model is a set
of rules for choosing energy prices which, on successive attempts, bring supply and demand nearer a

, system-w=de balance. Succesmve energy price vectors are chosen until energy markets balance within a
prespecified bound.

" Given the solution of the energy balance component of the model, greenhouse gas emissions for CO2,

• CH4, ancl N20 are calculated by applying em_smons coefficients. Modern biomass is treated as if its carbon
, absorption occurred in the year of release. This approximation can either under- or overestimate actual net
| annual fluxes, depending upon whether the underlying stock of biomass is either expanding or contracting.
=

I Edmonds and Reilly used their model to conduct an uncertainty analysis of possible future emissions
trajectories (Edmonds et al., !986). In general, the approach followed Nordhaus and Yohe (1983). In the
use of the ERM, however, more advanced sampling techniques were used, a wider array of parameters were

Data supplied by Tom Boden, Carbon Dioxide Information Analysis Center. Oak Ridge National Laboratory, Oak Ridge, TN
Model distribution is as follows: 68 copies of the mamtrame vermon B82, 267 copies of the PC version A84.PC, and 359 copies of
_u_seauent releases.
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analyzed, and assumptions about the interdependence of variables were tested. The analysis confirmed
several of tMe Nordhaus and Yohe conclusions, but led to revisions in others.

III. MODELS IN THE POST 1988 PERIOD

By the end of 1987 interest in the greenhouse issue was waning. Most of the active modeling groups
had disbanded. The issue had been relegated to the domain of a small core group of scientists. But in
1988 the issue reemerged. That year the Toronto Climate Conference, The Changing Atmosphere:
Implications for Global Security, was held. The meeting differed from many previous conferences in that
it was attended not only by research scientists but also by politicians, lt was also accompanied by a
drought in the Midwest of the United States. The conference sharply focused attention on the greenhouse

issueand called upon govemments to "Reduce CO2 emissions by approximately 20 percent of 1988
levels by the year 2005 as an initial global goaL" In addition, the conference noted that, "Stabilizing
atmospheric concentrations of CO 2 is an imperative goal. lt is currently estimated to require reductions of
more than 50% from present emission levels" (Toronto Climate Conference Statement 1988).

In the years since that conference considerable analysis has been undertaken in many quarters of the
world, exploring the potential for reductions in future energy related CO2 emissions. These efforts have
spawned the reemergence of old models and modeling systems, the development of new modeling systems,
and a shift in emphasis from the question of likely emissions trajectories without policy intervention, to the
cost and effectiveness of policy instruments for altering emissions trajectories. A wide array of modeling
approaches have emerged in the post-1988 period to address these problems on national, regional and
global scales over time horizons varying from a few years to centuries. Examples of interesting and
innovative modeling efforts include the Global 2100 model of Manne and Richels (1990a,b,c,d, 1992), the
computable general equilibrium models of Jorgenson and Wilcoxen (1990), Walley and Wigle (1991), and
OECD GREEN (Burniaux et al., 1991, 1992), and the integrated modeling efforts of Rotmans et al. (1989),
Peck and Teisburg (199la,b, 1992), and Nordhaus (1990). This literature has been surveyed by various
researchers including: UNEP (1992), Edmonds and Barns (1992), Darmstadter (1991), Beaver (1992), and
Beaver and Huntington (1991).

While the focus of modeling has moved toward costs of emissions reductions, the scientific interface
has evolved as weil. The current state of understanding of the natural science of the global environmental

]

; change issue indicates that various gases are associated with potential changes in the radiative composition
' of the atmosphere. These gases include CO2, CH4, CO, N20, NO×, SO2, VOC's, chlorofluorocarbons

(CFCs), and CFC substitutes. These gases are releasea in the process of a wide variety of human activities,

I _ncluding fossil fuel production, transfer and oxidation, land-use change, silvaculture, the application of some
__ fertilizers to crops, the husbandry of ruminant livestock, the cultivation of wetland rice, and specific

manufacturing processes, such as cement manufacture, nylon manufacture, and chemical manufacture.
Moreover, though local air chemistry plays an important role with regard to very short-lived 5 gases, it is the
sum of ali releases and absorptions of ali gases by ali human activities that governs the short-term e rate
of change of the atmospheric composition of radiatively important gases, and the Earth's atmospheric
radiation profile.

In addition, the human activities which govern emissions are interdependent. Actions taken in one
segment of the economy affect other segments of the economy. These interactions are likely to become

5 Gases with characteristic e-folding times, the time necessary for 1/e of an initial concentration to be removed from the

atmosphere, of less than 10 years. The e-folding time can also be thought of as the average molecular qfetime of a gas.

Century time scales.
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extremely important if policies are undertaken to substantially reduce potential future emissions. For
example, carbon taxes raise great quantities of revenue. While the disposition of tax revenue can generally
be assumed to be unimportant to the scale of macroeconomic actMty, this is certainly not the case with
carbon taxes (Bradley et al. 1991, Brinner et al. 1991, and Scheraga et al. 1991). Other potential policy
actions, such as tree planting to enhance the camon sink and/or the extensive development of potential
biomass resources to replace fossil fuel energy sources, can have substantial impacts on land-use (Marland
1988, Kinsman and Marland 1989, Sedjo and Solomon 1989, Moulton and Richards 1990, Adams et al. 1991,
Bradley et al. 1991, and Barfield et al. 1991)7. Finally, it is essential that the relationship between
technology, institutions, economics, and human activity be explicitly represented.

No currently existing model is capable of assessing the global emissions from ali human activities and
the major direct and indirect consequences of potential policies to reduce emissions. Future analysis
requires a more sophisticate_ suite of models. The new suite of models must take cognizance of the salient
features of the greenhouse problem:

1. The issue is global; emissions from ali sources in ali regions of the world determine total
atmospheric change.

2. The greenhouse results from the emission of multiple gases, including CO2, CH4, CO, N20,
NO×, SO2, VOCs, CFCs, and CFC substitutes.

3. Emissions result from multiple human activities, including Agriculture (including Forestry),
Energy Production and Consumption, Transportation, Manufacture, Services, and Land Use.

4. Emissions depend upon multiple resources and technologies, including Managed and
Unmanaged Ecosystems, Capital Stocks, and Labor.

5. Emissions depend on international trade patterns and, possibly, migration patterns.
6. Factors 3, 4, and 5 depend upon institutional arrangements.
7. Policy analysis requires both mid-term (5-year) and long-term (100 year) time horizons.

IV. THE SECOND GENERATION MODEL

We at Pacific Northwest Laboratory (PNL) have undertaken the development of a new model, one
capable of addressing the wide array of features that have come to characterize the greenhouse issue. We
refer to this effort as the second generation model (SGM) program. The model is documented in detail in
Edmonds et al. (1992). The model is global in scope, with five-year time steps and an horizon of 2100. Ali
the malor sources of greenhouse gases, as well as SO2, will be modeled. The economic model is a member
of the class referred to as compu[able general equilibrium models, lt contains sectoral detail on households,
government, agriculture, energy, and other products. Capital stocks are kept by vintage, with economic
retiremen[ and retrofit options available. Depletable and renewable resources are tracked in addition to land-
use. Economic decision makers include households, government, and producers. The model is regionally
clisaggregated, with key countries represemed individually. Trade between the regions occurs in energy,
agriculture, and other products.

At base the SGM is a very simple model. Figure 1 depicts the basic structure and flows of goods and
services within the SGM Version 0.0. The SGM Version 0.0 is a self-consis[ent dynamic model of the
relationship between the six general human activities shown in Figure 1.

: This is also discussed in a 1991 report by D. Adams, R,M. Adams, J,M. Callaway, C,C. Chang and B.A, McCarl, entitiled
The Economic._ of Sequestering Carbon on Agricultural Land in the U.S.: A Preliminary Analysis of Social Cost and
Impacts on Timber Markets
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At the core of the model are three productive sectors: agriculture, energy, and other products. These,
as we will discuss, are disaggregated into 10 sectors in SGM Version 0.0. The only disaggregation, 8
sectors, is found in the energy sector. The central focus on energy reflects the central role energy issues

' play in determining the future release of radiatively important gases into the atmosphere. Agriculture is
similarly handled separately due to the importance of agriculture and land-use issues in determining
emissions. Ali other production is aggregated into a single sector, other products, in SGM Version 0.0.

The three productive sectors use three primary factors of production (land, labor, and capital) in
combination with produced factors (energy, agriculture, and other products) to produce final output. Note
that two aspects of land use are considered: surface land resources and sub-surface resources, for
example, energy resources.

The household sector is assumed to own land, labor, and private capital. The demographic character
of the society is determined within this sector. Household supplies of land and labor are determined on the
basis of the price of these factors, which in turn determine, with distributed corporate profits, taxes, and
subsidies, the income of the household sector. Household savings are also determined in this sector and
vary with the interest rate. This sector.also determines the mix of final products to consume.

Finally, the government sector obtains tax revenues from other parts of the economy which are either
augmented by borrowing (or reduced by government savings). These revenues go to proauce three
government services: general government, national defense, and education.

Emissions coefficients are applied to each sector's associated sub-sector and technology activity rates
to derive sectoral, regional, and global emissions of radiatively important gases.

Overview of the SGM Structure

Any dynamic model has two problems that it must address, lt must describe where the system is at
any moment in time and it must describe the process by which the system evolves. The SGM is a
behavioral model. That is, it attempts to describe how economic systems behave, lt is not an optimizinc_
model. The differences between these _o approacl_es are not as great empirically as one might expect/
Nevertheless, we have taken the a behavioral approach to developing the SGM for two reasons. First,
several extremely interesting questions can be addressed in a non-optimizing, imperfect foresight analysis
framework. For example, the importance of alternative expectation formation hypotheses can be tested.
That is. there is no reason to believe that energy sector aecision makers have perfect foresight. In fact, the
immediately preceding quarter century of energy history would support the alternative hypothesis, that is,
that energy decision makers have very imperfect foresight about key future energy parameters, such as
price. In addition, the behavioral models are computationally simpler in that present behavior is assumed
to be independent of actual future events and decisions. This is of course the domain in which actual
decision makers operate. However, the model and its assumed behavior do depend on anticipated future
events and decisions. 9

For example, control runs using the ERM ana GLOBAL 2100 yield remarkably similar results when standara assumptions are
employed in both models. This is despite the fact that the Ei_M is a behavioral model and GLOBAL 2100 is a dynamic optimizing
model.

9 lt is always possible to recast a model such as the SGM witmn the dynamic optimization with pertect foresight paradigm,

6

I!, " _l_ ......... 1lr



SGM Sectors, Subsectors, and Markets

For SGM Version 0.0, sectors, subsectors, and markets have been identified and are listed in Table 1.

Economic Sectors

There are eight energy sectors and two non-energy production sectors in SGM Version 0.0. Data for
the energy sectors is largely drawn from the ERM, (Edmonds and Reilly 1985 and Edmonds et al. 1986 as
updated for Edmonds and Barns 1991). The non-energy sector of the economy will be the primary focus
of efforts between $GM Version 0.0 and SGM Version 1.0. Table 2 shows the additional sectors to be added
to SGM Version 0.0 to create SGM Version 1.0. Producing sectors can be roughly categorized as related
to agricultural, energy, or other products. The level of disaggregation in each area is driven by the need
to understand factors affecting potential future emissions of greenhouse gases and the potential
consequences of policy actions to reduce potential future greenhouse gas emissions.

Agriculture: The agriculture sector produces food, fiber, and forest products. Version 0.0 will have only
a single aggregate agricultural commodity. Version 1.0 will have nine outputs, disaggregated primarily on
the basis of greenhouse gas emissions. The three sectors closely associated with greenhouse gas
emissions are Rice (principally CH4), Ruminant Livestock (principally CH4), and Forestry (principally C02).
Ali crop-growing sectors are associated with N20 emissions ttlrougn the application of fertilizer. Significant
quantities of greenhouse gases are also associated with traditional agricultural technology, in particular, the
practice of slash and burn. The principal inputs in version 0.0 will be land, labor, and energy. In version
1.0 these will be expanded to include fertilizer and materials, and land will potentially be disaggregated into
multiple categories in accordance with soil types and climate.

Energy: There will be eight energy sectors in the model. Each of these will have subsectors as detailed
in Table 1 to allow accurate modeling of the competing methods for producing the product in question.

Two types of energy technologies will be identified: those associated with depletable resources and
those associated with renewable resources. Ali energy technologies will be associated with a resource
constraint. A distinction will be made between reserves and resources. Reserves are those resources which
have been identified and whose location is known and which are known to be producible under present and
anticipated economic conditions. Reserves are depleted over time as they are produced. Total reserves
are augmented by additions from the resource base. The additions to reserves are determined by grade
structure of resources and technologies available to extract them.

Renewable resources are handled in a manner similar to depletable resources except that the capacity
_o produce persists beyond the point of production. Solar energy is an example of a renewable energy
resource. A renewable resource may be degraded by production, however. Agriculture, for example, may
deplete soils unless investments are made to maintain soil quality.



Table 1" SGM Sectors, Subsectors, and Markets

Model Version 0.0

Sector Market Sector Subsector Subsector Name
No. No. No.

1 1 Agriculture 1 Agriculture,,,

2 2 Crude oil production 1 ... 10 Crude oil production by grade. Each
resource grade is modeled as a subsector.

• ,,,

3 3 Oil refining I Conventional oil refining
2 Coal liquefaction
3 Biomass liquefaction

,,,,

4 4 Natural gas production I ... I0 Natural gas production by grade. Each
resource grade is modeled as a subsector.

5 5 Natural gas transformation 1 Conventional gas
2 Coal gasification
3 Biomass gasification

6 6 Coal production 1 ... 10 Coal production by grade. Each resource
grade is modeled as a subsector.

7 7 Biomass production 1 Traditional biomass
2 Biomass waste
3 Biomass farms

8 8 Uranium production and refinement 1 ... 10 Uranium production and processing by
grade. Grades modeled as a subsectors.

9 9 Electric power generation 1 Oil
2 Gas

,, 3 Coal
4 Biomass
5 Nuclear
6 Hydro/Solar/Fusion

10 10 Other products 1 Other products
• t

-,; 1 11 n.a. I Housenolds I° 1 Consumer demand
• ! I 2 Demographics

3 Land supply
4 Labor supply

5 Savings

.,,

12 n.a. Government 1 General government
2 Education

| 3 National defense

I n.a. 11 Labor n,a. n.a.

,,,

n,a. 12 Land n.a. n.a.

n.a. 13 Savings/Investment n.a. n,a.

'1 10 Listed household subsectors represent maior decisions made within the household sector rather than sulosectors as

used In tile other sectors. See the discussion of the household sector later in the paper for further details.
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Table 2: Sectors and Subsectors Added to SGM Version 0.0
to Create SGM Version 1.0

Sector SGM Version 0.0 Sectors SGM Version 1.0 Subsectors

Agriculture Rice Rice

Other grains Other grains

Ruminant livestock Ruminant livestock

Other livestock Other livestock

Other food Other food

Fiber Fiber

Forests Forests

Pulp and paper Pulp and paper

Wood and wood products Wood and wood products

Processed foods Processed foods

Other products Manufacturing Materials intensive
Other manufacturing

Passenger transport Rail
Air
Bus
Other

[note: passenger automobile
in household sector]

• Freight transport Rail
• Air

Truck i:_
Other

I
Services Health and Other Services

ml

l

i Other Products. In version 0.0, the other products sector will include everything which is neither
agriculture nor energy. In version 1.0, the other products sector will be broken down into manufacturing,
passenger and freight transportation, and health and other services. There is the possibility of further

I splitting manufacturing into materials and other manufacturing. Inputs will be capital, labor, and energy in
version 0.0 with materials being added in SGM version 1.0. The principal sectors are further disaggregated
into subsectors on the basis of their importance to the greenhouse issue, either because they are major
energy users, or because they are direct emitters or sinks for a greenhouse gas.

i
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Regions

SGM Version 0.0 has 11 regions while SGM Version 1.0 will have 20 regions as shown in Table 3.

Table 3: Regions in SGM Model Versions 0.0 and 1.0

SGM Version 0.0 SGM Version 1.0

1. USA 1, USA
2. Canada 2. Canada
3. Western Europe 3. European Community
4. Japan 4. Other Western Europe
5. Australia/New Zealand 5. Japan
6. Eastern Europe and Russia 6. Australia/New Zealand
7. China and other planned Asia 7. Eastern Europe
8. Middle East 8. Russia
9. Afdca 9. China
10. S. & E. Asia ° :. Centrally Planned Asia
11. Latin America 11. Mexico

12. Brazil
13. Other Latin America
14. Indonesia
15. India

16. Philippines
17. South Korea
18. Other South & East Asia
19. Middle East
20. Africa

__ "=.

Policy Options

Because of the pervasive nature of activities that generate greenhouse gases, a wide variety of policy
options need to De included in the model. Making provtsion to model these options has had a significant
impact on the structure of the moaet. In aadition to the usual tax and regulatory options, provisions have
been maae in the SGM structure to model such strategies as carloon sequestration by reforestation and
afforestation, biomass energy production, and mandated technologies and practices. The SGM is also
designed to explore the consequences of changes in real government expenditure patterns/or complernen-
tan/reductions in non-greenhouse taxes.

Solving the Model

The model uses a search algorithm to find a set of prices which clear ali markets simultaneously. The
algorithm was designed specifically for the SGM, and initial testing indicates that it works quickly and
efficiently to find a solution for SGM Version 0.0. Testing has proceeded on a single region (USA) data set,
and the results of that exercise will be reported shortly.

=
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Other Regional and National Data Sets ,_

Whilethe SGMframeworkprovidesa structurewhichcan be usedfor multipleregions,thedevelopment
ofcoherentregionaland nationalmodulesrequiresexpertlocalknowledge.TheSGMgrouphasalsobegun
to develop a set of internationalcollaborationswith other institutionsto facilitatethe creationof realistic
regionaland nationaldata setsfor the SGM. Currenteffortsare outlinedinTable 4.

Table4: SGM CollaboratingInstitutions

Country CollaboratingInstitution

CHINA BeijingEnergy ResearchInstitute
FRANCE CentreInternationalde Recherchesur L'Environementet le Developpement
The NETHERLANDS RIVM,ECN/ESC
UNITED KINGDOM Centerfor Social and EconomicResearchon the GlobalEnvironment
RUSSIA MoscowEnergyEfficiencyCenter
INDIA IndianInstituteof Management
BRAZIL Electrobras

_ _AN KobeUnivemity

1_ !s:rRALIA ABARE

IV. CONCLUSIONS

The area of modelinggreenhousegas emissionshas evolvedgreatly from its originsin the 1970s.
Energy-economicmodelshavebecomethe workhorsesof the analysiscommunity. Many of the present
models have their originsin the 1980s and the "energy crisis." They have been extremelyuseful in
developingan understandingof the varietyof potentialfutureemissionstrajectoriesand inassessingthe
costsof reducingfossilfuel carbonemissions.The greenhouseissueshasevolved,however. A new suite
of modelsis required. Thesemodelsmusttake intoaccountmorethan the energysystem,and morethan
CO2. There is a longer list of emitted gases which must be considered, and a broader array oi human
activities. Models must be constructed which examine current and potential interactions between energy
and land-use, and between policy instruments and the economy. The second generation model being
devetopea at PNL will help illuminate these issues.
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