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sterile and did not go further to exploit the potential of the simple, 
but difTcrcntialed enough model. Thus, for example, if might be 
iiilcrcsiing to anal)-se the effects of various asymmetric policies, in 
which various countries would face different target levels, or the po­
tential use of compensation sclicmes to induce les? developed coun- 
Incs to introduce abatement measures. For it is highly probable that 
concerted internalional measures will be hindered by the pressing 
needs for development and economic restructuring of the Jess or me­
dium developed countries, who on the other hand are emitting a signif­
icant amount of greenhouse gases ieading to global consequences.

Ucfcrenccs

ll.cnjL-n,.H'«. A., andl-l. Vennemo. I!)V|. A ClimjlL- Convcniion nnd Ihc Noiwc- 
£i.«i l;ci>miin)f; A CX3G AmssmcnI. Pjpet pfcicnlcd M Ihe Fouiih tIASA Talk 
emk-i H«*c*rcli Dcpurlmcnl. Cenlul Uurcau otSla-

‘ Development lor the

r>sk I-oree meeiins on AOEM. Mimeo.

Scarr. It U. I-OJ. T/ir Co.npi,ro(WH 0/ Scunawic EviMbria. wilt, iht Colhborutlun of
A1oncXtw. No. *'

FoundaWon* and Technical ImpKcalians.'* In: C. Bill 
UnivlrjilV'pJei”'"’'"*"*'''^' Oertopnuni Planning. Oxford: Oaloid

^ Llbe,.li„,io„; Leironx from
A Model Simulahon. AULA; Sotittyand Economy. 13(2): 69-80.

Modelling future greenhouse 

gas emissions: The second 

generation model description
J.A. Edmonds. H.M. Pilcher, D. Darns, R. Uamii, and 
M.A. Wise

Iniroduclion
The analysis of greenhouse gas emissions has made enormous prog­
ress during (he course of (he past decade.' Analysis has progressed 
from (he use of simple lime-trend extrapolations to llic analysis of 
emissions of several greenhouse gases with parallel but independent 
behavioural and optimization models of energy, maiiufacluiing, agri­
culture, and land-use systems. But our abilily to examine potential 
,future scenarios of greenhouse gas emissions is limited because 
modelling tools adequate to Ihe tusk of integrating analyses of tech­
nologies and human activities on a global scale with regional.detail, 
including energy p/oduclion and consumption, agriculture, manufac­
ture, capital formation, and land-use, along with the interdependencies 
between these categories, do not yet exist.

The first'generalion of models were specially models which focused 
on a particular aspect of (he emissions problem without regard to 
how (bat activity interacted with other human and natural activities. 
The Edmonds-Reilly model (ERM) (Edmonds und Reilly IVH5). for 
example, is a global energy model in which Ihu production of com­
mercial biomass has no interaction with the agriculture sector or land- 
use in general. The Global 2100, Mannc and Riclicis (imi.b.c.d.
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SSSHSSSexclusively on nalionni issues. Ollier modelling systems such as

1989) mTr "'' F''-»n>ework (ASF) (Lashof and Tirpak
1989). uiilirc a system of models that provide global coverace of 
all cm.ssiofis generating human activities, but do not provide a con­
sistent analysis system m which the interaction between human
iSouse aasVJiS J^^^

‘=’’'®ro|l‘'«^o«rhons (CFCs) and CFG substitutes. These 
gases arc released in the process of a wide variety of human acliv- 
ilies including: fossil fuel production, transfer and oxidation, land-use 
lu.^hr’i*' •PP''«''0" of some fetliliiers to crops, the

^ ° '“''ivation of wetland rice, and
m^m-r >^anofactunng processes such as cement manufacture, nylon 
manufacture, and chemical manufacture. Moreover, though local air 

ti'^- ""Porlant role with regard to very short-lived^
8«es, It IS the sum o^f all releases and absorptions of all gases by
fhe ar^ '»*« »horl.|erm> sate of change of
lanhl,„"?"’P“'"P" of radiatively important gases, and the
Hie iLVTnvr • «iisJiumacji£iiv-

•-—Vt~ -fllLfillUisjiyis arejnterdependent. That is actions that
Th°"‘ economraffe-efother segmenU of the

economy. These interactions arc likely to become extremely impor-
Por cLmr* "'I 'o Poicniial future emissions,
the disHSin r of revenue. While

The case V^i f?* ”, o»acroeconomic activity, this i, certainly not 
and el (Bradley et al. 1991; Brinncr el al. 1991;

pIan ing to enhance the carbon sink and/or the extensive develop­
ment of potential biomass resources to replace fossil fuel energy
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sources, can have suhstantiul impacts on liiiid-u.Nc, Miirlmid (I9KK), 
Kinsman and Mailand (1989), Sedjo and Solomon (1989), Moulton 
and Richards (1990), Adams et al. (1991), llradley cl al. (1991), and 
Barfield et al. (1991). Finally, it is essential that the relationship 
between technology, inslilulions, economics, and human activity he 
explicitly represented.

No currently existing model is capable of assessing the glohul 
emissions from all human activities and the major direct and indirect 
consequences of potential policies to reduce emissions, Future nnal- 
ysis requires a more sophisticated suite of models. The new suite of 
models must include both a global intcgrnlinc model and compatible 
regional/nalional models. These new models must he capable of 
analysing the emissions of all greenhouse gases from all sources, 
including both (hose of natural and human origin, and provide an 
analysis of (he Interplay between the variety of huinnn and natural 
activities responsible for greenhouse gas emissions.

The purpose of this paper is to describe the design of a model, ciir- 
renliy under development, which is capable of addressing grccniiouse 
gas emissions and the potential consequences of alternative policy 
options. We refer to this model as the secoiulgentraiion nuuk! (S'GM).

Paradigms for (he SGM

The development of SGMs will benelit greatly from the application 
of three simple principles: problem orientation, minimum modelling, 
and parametric modelling. The overriding design principle is that the 
model should bafprobfem orierderDThal is, the design of the model 
should be derived from an analysis of the underlying problem. Model 
design cannot begin with the set of available models and then try In 
make the problem (it existing model characteristics. For greenhouse 
gases, (he issues to be addressed arc: What ate global emissions of 
greenhouse gases likely to be over the course of the next five to 100 
years by region and human activity? What effect will the exercise of 
poli^ insliuments to control emissions have and wlial will (hey cost? 
Whal effect will new technologies have on emissions?

Beginning with (he problem and working to the design of the 
model allows the Implementation of the second design principle, 

^minimum /norfef/tng.)Minimum modelling means that the model con- 
tains all ol the intormation pertinent to answer the research question, 
but no extraneous inlormation. If chemical manufacture of CFCs is 
an imporlant activity in determining the rale and timing of climate
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nol lo provKlc a one-paK rorecail ol ihc future. Where complex hu- 
man activiiies jubjecl lo public policy action are involved, the future 
or wideunpredictable. The purpose of a formal model is to
iSc seZrinr : framework in which lo examine
possible scenarios. It ,s important that model results be rcproduc-

h.,i all of the parameters be available for inspection and alteration

of 'he model, it is im­
portant to use a seqiieiiiial nwiM developineni ornrenc bceinnine

......... ... ...............
^n^H *|“^ « global emissions froin all sources in all regions of the 
world determine total atmospheric change-

2. the greenhouse results from Ihc emission of rm«//mfe enrer in-
wbslhmeT" Jnd CPC

3. emissions result Irom muliipU hnmon activides including; agricul- 
ure (including foreilTy). energy productio7 and consumption. 

Iransporlatron, manufacture, services, and land-use;
S?na"L‘I,T"d upon jmhipU resqurca anj. jefhnqtoj^s in- 
labour*' ^ “"'"‘•"aged ecosystems, capital s7^ and

6. factors 3.4. and 5 depend upon hmiiuiional ormnvemr.,/.- 

The second generation model

In l^hl of the above discussion we have undertaken the design of the 
SOM incorporating the above-listed criteria into the model arehi-

2V8 ■.f '/
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leclure. The model is global in scope, with live-year lime sie|>s uiid a 
horizon of 2in0. All the major sources of grcenlioii.se giises, us well us 
SO2 will be modelled. 'Jlic economic model is -a nieniher of the eluss 
referred to as computable general equilibrium models. It contains 
sectoral detail on households, government, agriculture, energy, and 
other products activities. Capital slocks are kept by vintage, with 
economic retirement and relrofil options available. Dcpielabic and 
renewable resources are tracked in addition to Innd-usc. Rconomic 
decision makers include households, government, uiid producers. I'lie 
model is regionally disaggregated, with key countries represented 
individually. Trade between the regions occurs in energy, agriculture, 
and other products.

Model overview

At base the SGM is a very simple model, l-igurc I depicts the Iwsic 
structure and flows of goods and services within llie SGM version 0.0. 
At the cure of the model are three productive sectors; agriculture.- 
energy, and other products. Tlicsc, us we will discuss, arc disuggre- 
galed into 10 sectors in SGM version 0.0. Tlie greatest disaggrega­
tion, eight sectors, is found in the energy sector. The central focus on 
energy reflects the central role energy issues play in dclerniining the 
future release of radialively important gases into the -jlmosphere. 
Agriculture Is similarly handled separately due to the iinpurlaiiee of 
agriculture and land-use issues in determining emissions. All other 
production is aggregated into a single sector, other products, in SGM 
version 0.0.

The three productive sectors use lliree primary factors of pro­
duction: land, labour, and capital, in combination with produced fac­
tors: energy, agriculture, and other products, to produce final output. 
Note that (wo aspects of land-use are considered; surface land re­
sources, and sub-surface resources, for example, energy resources.

The household sector is assumed to own land, labour, and private 
capital. The demographic characlcr of Ihc society is determined 
within this sector. Household supplies of land and labour arc de­
termined on the basis of the price of these factors, which in (urn 
determine, with distributed corporate profits, taxes, and subsidies, the 
income of (he household sector. Household savings are also deter­
mined in (his sector and vary with Ihc interest rale. This sector also 
determines the mix of final products lo consume.
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Finally, Ihe governmcnl sector obtains tax levcnucs Troni other 
purls of Ihe economy which are eiiher uugincnicd by litttrowing 
(or reduced by government savings). There revenues go to produce 
three government services; general governmcnl, nalional defence, 
and education.

The SOM version 0.0 is a self-consistent dynamic model of ihe re- 
latioruhip between these six general human activities.

Emissions coefficienis are applied to each sector’s associated sub­
sector and technology activity rales to derive sectoroi, regional, and 
global emissions of radiatively imporlant gases.

Model development strategy

I'o reflect ihe current understanding of anthropogenic sources and 
sinks for radiatively important gases, and to anticipate (he potential 
for new sources, the model has been designed with a generic struc­
ture. This structure allows for a flexible number of production activ­
ities, consumption activities, and markets. The implementation of this 
model utilizes the sequential model development principle. That is, 
the initial model version will be much simpler than the intended linal 
version. Two model versions are currently identified; SGM version 
0.0 and SGM version i.O. SOM version 0.0 is intended to provide a 
proof in principle for the modelling system. SGM version 1.0 is in­
tended to provide the first full implementation of Ihe SGM system. 
SGM version 1.0 will be disitibuled to Ihe public and have a complete 
documentation set including: theoretical model description, database 
description, software description, and user’s guide.

For both SGM version 0.0 and SGM version i.O. the energy pro­
duction, transformation, and consumption activities will utilize data­
bases developed in support of Ihe BRM. Edmonds and Reilly (1985), 
Edmonds el al. (1986), Edmonds and Barns (1990; 1991). In addition 
to (he energy structure of the ERM, (wo producing sectors, agri­
culture and other products have been added for SGM version 0.0. For 
SGM version 1.0, the number of sectors will be increased to include 
expanded government, transportation, other products, and agricul­
tural activities. Pinal demand sectors for investment, government, 
and households have been developed. Model development is antici­
pated to proceed beyond SGM version 1.0, but such model designs lie 
beyond (ho present planning horizon.

r
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Overview of Ihe SGM structure

Any dynamre model has two problems that it must address. It must
seX the^n^J^h^'T i '■* ‘le-

T7T.%L i'“‘ economic systems khTve.
Jl«^nopnimaingmoJer7rKrdrreTcncVs^^^^
P^efiS^are not as great empirically as one might expect." Never-
!:rM r' f ‘’^•’“vioural approach to developing the
enn be addles^?-"*■ interesling qwsUons

n be addressed in a non-oplimizing. imperfect foresight analysis
for ““'"n’®' ‘•’c importance of alteraolive cxpcctathin
l e r.h '“«cd. That is. there is no reason to
foci ih Jccjsion makers have perfect foresight. Jn
fact he immediately preceding quarter century of energy history 
would support Ihe allemative hypothesis, that is that energ^^decisio^ 
makers have very imperfect foresight about key future energy pa-
Pu"d!onX‘'i' “* t’"''-''' *Kbcho'^mural models are com-
delcl lo^^r f','r" *' « -«umed to be in­
dependent of actual future events and decisions. This is of course the
domain in which actual decision makers operate. However, the model 
J!d dedJionT* anticipated future events

Sectors, subsectors, technologies, markets, and accounting

At any momenl in time a set of relationships between economic ac­
tors can be summarized in a set of accounts that are referred to as an 

" imponmu to emphasite (hal ihe SGM is 
noi a tnduionaljiaUsJnpnl-oulpiit model. The use of inoul-outoui
SnMn'r* economic inlerTcIallonships af a
pom m lime does not mean that the SGM simply uses a set of sialic

g^problem facing a computable. geneiiiLeqUingfenl^dcl
7A^ng^mP“‘ ‘he relationship between Ihe produc-
lon. disiribuiton, and use of goods and services In an economy A 

row-column entry shows Ihe quantity of a good or service ajsociLd
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with a row by Ihe sector designated by the column. If a good or 
service is produced in the economy, it will have both a row and 
column associated with it. Some sectors, for example, households, 
investmcnl, and govemmeni, may be assumed to consume new final 
goods and services, but to provide no net output for the rest of Ihe 
economy. Some factors of produclion, for example, land, labour, and 
capital, may be utilized for produclion in s given period, but are not 
produced using current flows of goods and services.

GNPaccpunrirrgtThe accounting framework for Ihe SGM relics on 
simple economic relationships. For example, v/c can define GNP for 
any region (note we drop the regional subscript to simplify the nula- 
li(in) os (he pricc-weiglilcd sum of net produclion of :ill ))toiJucls,

GNP:
N / N \ NY^p, x,-'^a,A ^^p,{Ct + G, + i,-mx,-\M,).

»e| \ /*! /

where GNP is Ihe Gross National Product^ Xi is Ihe gross domestic 
produclion of product f; Aq is the domestic use of product i in the 
produclion of product /; P; is the price of product f; N is Ihe number 
of product; C,- h Ihe domestic consumption by households of product 
r; G| is the domestic consumption by government of product /; J,- is 
the domestic investment uses of product r; EX; is the gross exports of 
product i; ahd IM/ is Ihe gross imports of product r, which in tuir> is 
equal to Ihe disposition of net output among final demand sectors. 
Alternatively, Ihe GNP can be expressed as Ihe sum of payments to 
the factors of production.

If / N \ ^GNP = £ Pr^r - ^ P^,., U TXibir 4 n, ^ P,A,., . 
/=i \ /-I / r>i \ /..«ii

where TXibl; is the indirect business taxes; ny is the profits including 
net interest and capital consumplioii allowances; and M is Ihe number 
of primary factors of production (e.g. labour and land).

The fundarp^ntal problem thaljhe model must address is lindinp 
a set of prices jhat are.cpQS^lenj wil^dcf|ia'ndj’_by.prqdyccrc-and 
consumers for goods, services, and primary factors of p^ducliop. 
The major behaviourarcomponents of Ihe model describe Ihe rela-
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lionship between prices, production, and consumption of goods and 
services.

Dcjhiiiig sedors, siibievlori, leclinologies, and markets-. For (he 
purposes of SGM documentation we have chosen to use several 
terms in a specific manner.

Sectors
ScCiurs leprescnt human activities that produce or consume goods 
and services. There are two types of sectors, producing sectors and
final demand sectors;

Producing sectors
Troducitigiecrors combine factors of production, including the prod­
ucts of other producing sectors and primary factors of production, to 
produce net output. For example, agriculture, energy, and other 
products arc sectors in SGM version 0.0;

^ Pina! demand sectors
' Fiiial'aciiianclTeeiors provide final demands for final goods and 

services, nnd include households, government, investment, and net 
exports in SGM version 0.0;

Morkeisjfactor inputs
Markets and factor inputs are intimately related in the SOM. A mar­
ket exists in the SOM whenever production and consumption deci­
sions arc determined separately in the model. Each traded good is 
also potentially a factor of productioii, although a product may or 
may not be used in the production process in the implemented model. 
For example (here may be no net demand for agricullural products 
by any producing sectors. NeverihcTess, there will always exist a row 
entry in the SGM inpul-output accounting structure even if the-ele- 
ment entered there is zero. Markets define Ihe primary level of ag­
gregation in (he model. That is. all subsectors and technologies (see 
descriptions below) in a sector/market produce a single homogeneous 
commodity. Markets are defined for each producing sector plus for 
cuch primary factor of produclion, for example, agriculture, energy, 
and other products plus labour and land in SGM version 0.0;

Subsectors
A subsector exists in Ihe SGM whenever two human activities pro­
duce (he same output. All subsectors within a sector face'(he same

31W
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price for outputs, but would be expected to have dilTefcni pioducii«)n 
functions, for example the production of electricity using oil, gas. 
coal, hydroelectric power, nuclear power, or solar power. Subsectors 
may be defined for both producing sectors and fiiial-dcmand sectors;

Fofs”o‘’meTuman aflivitfes an additional level of disapegation is 

useful. Whereas, the number of subsectors for an individual sector m 
a specific region would not be expected to change from analysis to 
anaWsis. there will be limes in which multiple, non-molually exclu­
sive, technology options should be considered. These options have 
the same output price as the subsectors and sector, but would liavc 
individual produclion functions.

SCM sectors, subsectors, technologies, and markets 
For SGM version 0.0 sectors, subsectors, and markets have been 
identified and arc listed in table I.The technology level of ihc inodel 
has not been separately identified here as (here is only one technol­
ogy for eacii subsector in version 0.(1.

Economic sectors

There arc eight energy sectors and two non-energy produclion sec­
tors in SGM version 0.0. Data for Ihe energy sectors is largely drawn 
from Ihe ERM model. Edmonds and Reilly (1985) and Edmonds cl 
a1 (1986) as updated for Edmonds and Barns (1991). The non-energy 
sector of the economy will be the primary focus of cfTorls between 
SOM version 0.0 and SOM version 1.0. Table 2 shov« the additional 
sectors to be added lo SGM version 0.0 to create SOM version 1.0. 
Producing sectors can be roughly categorized as being either agricul­
tural, energy, or other-products related. The level of disaggregation 
in each area Is driven by ihe need lo understand laclors alTccting po­
tential future emissions of greenhouse gases and the potential con­
sequences of policy actions lo reduce potential future greenhouse gas 
emissions.

The agriculture sector produces food, fibre, and forest products. In 
version 0,0, there wiU be only a single aggregate agricultural com­
modity. In version 1.0 there will be nine outputs, disaggregated pri­
marily on the basis of greenhouse gas emissions, The three scclore
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I i\lilc I :!(;m itclun, (ubncloif, and reatktlit modtl ycrilon 0.0
.Sui'ior Market SuKrueliir
No. No. Sector No.

Subiector name
1 1 Agriculture 1 Apiculiurt
2 2 Ciudc oil pfoJucliofi l-IU Crude oil production by grade.

Etch ruroutce grade it mod­
elled at a luhtccler.J 3 Oil rufining

2
Convtntional oil reSning
Coal lifucraclion

3 BInniau lii)ucraclionA 4 Natural (u i-to Natural gaa produclion by
pfotfucli<in

grade. Eech tcauurcc grade la 
modelled ai a ivbtecior.5 i Naluiil gsj irtm- 1 Cuftveniional gatforrmiMfi 2 Coal gaiUlcatian

Coal producliun

3 Bliimaa gatiScalion6 « l-IO Coal produclion by gride. Each
fnoufoe grade it madellcd at 
a lubscclor.7 7 nionuu prwiuciion 1 Tradilinnil blotnasi

2 Biomiu watte
3 Bloaiajt fatmtB 8 Uianlum ptodiiciion . i-to Uranium production and pioe

and TcAncment etting by grade. Each re. 
iDUfUC grade it mnjclled it a 
aubiccior.

9 9 ETccfrJc power gen­ 1 Oil
eration 2 Gar

3 Coal
4 Blomata
S Nude II
4 Sulir/fution
7 H)dio

ID 10 Other pioduclion 1 Other produclionM n.8. IfOUMholdt' 1 ConiufiKi demand
* 2 DcmograpMei

3 Landatipply
4 Labour iitpply
5 Savlngi

12 n.a. QoktrrmeiK 1 Oancral gotctnmcnl
2 Education '
3 Natinnal defencens. II IwBbovr n.». n.a.

n.8. 12 Luid n.a. nj.
ti.t. 13 Saving^^mvcHfTtcni n.t. n.a.

0. lined houichold lubiedon tcpreicnl major drefaioni nude miMn ihe rKniwhold aertor 
rather than luhicelor ai used in Ihe olhci Melon. See section 'Houuliolda' below for further 
deliile.

J06

(lrci‘illioti3C K<it eiiiiy.iii'iiy

Toblc 2 ScclDia and lubicctoia added lu JiO'M yeriinn 0.0 lu vri-ale SCiM n iaitni 
1.0

Sector SOM veriloB 0.0 Sectors SOM veuiun t .0 Subtecliits

Agricullute Rice

Other graint Other gruins
Ruminant livestock Ruminant livcilock
Other livestock Other livestock
Other food Other food
Fibre Kihre
Forests Fiircsls

Pulp sntl psper Pulp and paper
Wood and wood pritJucIs World and wttod pnidiiel*
Processed foods Processed foods

Olhef production
Manufacturing htelcrials intensive

Other manufiicluiitig

Passenger Iranspnil
Kail
Air
Dus
Other*

Freight Irantpiitl Rail
Air
Truck
Other

Services llenllh and other 
services

a. Ps«cn|cr lutomobile in houKhold rcIoi.

closely associated with greenhouse gas emissions arc rice (principally 
CHd), ruminant livestock (principally CHe), and forestry (principally 
CO2). All sectors are associated with N2O emissions through the ap­
plication of lertilizer. Significant quantities of greenhouse gases arc 
also associated with traditional agricultural technology, in particular 
the practice of slash and burn. The principal inputs in version 0.0 will 
be land, labour, and energy. In version 1.0 these will be expanded to 
include feitiliaer and materials and land will potentially be disag­
gregated into multiple categories in accordance with soil types and 
climate.

Energy
There will be eight energy sectors in the model. Gach of these will 
have subsectors as detailed in table 1 to allow the competing methods 
for producing the product in question to be accurately modelled. ^
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Two lypcs of energy technologies will be identiried, those asso­
ciated with ^clelable resources and those associated with renewaWe 
resources. All energy technologies will be associated with aTes'oiircc 
constraint. A distinction will be made between .teserves and re- 

R®^®fves are those resources where two types of energy 
have lieen idenlified and whose location is known and which are 
knovrn to be producible under present and anticipated economic 
conditions. Reserves are depleted over lime 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 deplelable resources 
except that the capacity to produce persists beyond the point of pro­
duction. Solar energy is an example of a renewable energy resource. 
A renewable resource may be degraded by production, however. 
Agriciiliurc, for example, may deplete soils unless investments are 
made to maintain soil quality.

Ollier protliicis
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 splitting manufacturing into materials and other manu­
facturing. Inputs will be capital, labour, and energy in version 0.0 
with materials being added in SCM version 1.0, The principal sectors 
are further disaggregated into subsectors on (he basis of their im­
portance to the greenhouse issue, either because they are major en­
ergy users, or because they are direct emitters or sinks for a green­
house gas.

Regions

SOM version 0.0 has 11 regions while SGM version 1.0 will have 20 
regions as shown in table 3.

Policy options

Deeause of (he pervasive nature of activities (bat generate green­
house gases, a wide variely of policy ontion.<i neertc to be included in 
the model Making provision to model ihesToptions has had a sig- -
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Table 3 Regtoni In SGM nedtl vcntoni 0.0 ind t.O
SGM vetfion 0.0 SGM version t.O

(^l) USA I. USA
2. Cansdi 2. Cansda
3. Western Europe 3. European Oimmunlly(^iapan

y Ausinllf/New Zea­
4. Other Western Europe
S. Japan

land 6. Auslralia/New Zcel;inJ
6. Eastern Europe and 7. Eailern Europe

Russia 8. Russia
China and other 9. China
planned Asia to. Cenlrally planned. Alia

8. Mid Eail It. Mexico
9. Africa .12. Brasil

to. S. & E. Asia 13. Other Latin America
It. Latin America 14. Indonesia

15. India
16. I'hilippiiivs
17. South Korea
18. Other S. & E. Alia
19. Middle Eail
20. Africa

nificanl impact on the structure of the model. In addition to the usuu) 
tax and regulatory options, provisions have been made in the SGM 
structure to model such strategies as carbon sequestration by refor­
estation and afforestation, and biomass energy production, and man­
dated technologies and practices. The SGM is also designed to ex­
plore the consequences of changes in real government expenditure 
pallerns/or complementary reductions in non-greenhouse taxes.

Tbeoreiicfll structure of the model

The SGM employs a generic production-cost structure to facilitate 
the continued development of the model with a minimum of code 
changes and a flexible modelling response to the wide variety of po­
tential analyses that may be required. The core of the model is the 
description of production activities. 1'hese activities are described 
by, a generic produclion-cosi relationship. This telalionship utilizes 
the theory of duality to desaibe production functions alternately in 
physical or financial terms.
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The generic produclion/cosl relationship

Ihe generic producjLqnZcojL fGPg relarionship uses infomiation 
about prices, technology, and previous investments to compute leveis 
of production and consumption of commodities as well as demands 
for investment in new capital slock. Productive activities are de­
scribed by functional relationships in the SGM which are referred to 
hereafter as technologies. The term technology is used here to cover 
a broad array of activities including everything from Ihe production 
of iron and steel to Ihe production of rice. Technologies, as described 
earlier, are the fundamental unit of disaggregation in Ihe model, 
fe'ach sector contains al least one subsector and each subieclor con- 
tains at least one technology. For SGM version 0.0, there is only one 
sector, market, subsector, and technology for the production of agri­
cultural output. For the production of electricity, there are seven 
subsectors each of which can potentially utilize multiple technology 
options. The SGM keeps all of its information on productive capacity 
at Ihe technology level of detail.

The SGM uses a yinlaged description of tcchnoioeics. This has a 
number of important implications. First, ii means that history mailers. 
When a technology is installed it remains in existence and can be 
0|»raled until its retirement. New technologies affect productivity 
primarily at the tnargin. They can only aHecl hisloncal decisJohT if 
they are so attractive (unallraciive) that they force prices down to Ihe 
point where existing technologies are retired early (undergo life ex­
tension). Another important implication Is that once installed, caoiial 
Slock.isjml malleable. It cannot be'shificd around from one s^iot 
of the economy to another. In fact, once instaUed, capital costs no 
longer matter. In other words, once Ihe technology is installed the 
decision to operate pr idle a technology depends solely on the ability 
and'less sur'd*^ recover its current operating expenses plus taxes

A teclinology is described by an array of characleiistics including-
1. production function parameters;
2. emissions coeBicicnIs;
3. capital investment parameters;
4. installation parameters (e.g. date of first availability, dale of re- 

rnoval from Ihe list of options, nominal lifetime, length of Installa­
tion period); and

5. vintage.
A technology option can be described by Ihe information-contained 
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In parameter sets 1,2, 3, and 4. Once installed, the operating chut- 
aclerisHcs of a technology can he described by parameter sets I. 2, 
and 6.

Within Ihe OPC relationship, the producing sectors all follow ilie 
same general structure. There are, of course, some tharaclcrislics 
that ore specific to a sector or apply only to a subset of sectors. 
However, Ihe basic model structure is suflicicnily general to ucconi- 
modale the production/cosi and operating characlerislics of the vari­
ous producing sectors in its parameter set.

The sectors represent the highest level of aggregation of pro­
duction characteristics in the CPC. Within the GPC framework, these 
production sectors are disaggregated into one or more production/ 
cost subsectors. All sectors, subsecliirs, and technologies produce a 
common output and face a common exlern.-il niarkel price for pro­
duced output. The GPC structure allocates investment to lechnol- 
ogics based, gn. priut iriyestmeni hlslhfy and relaiTvc pm'liinbilijy^ 
using a logit markeFsharc ailocalion-scheme^

As an example of this sector-subscclnr hierarchy, consider an 
electricity production sector with suhsecinrs for coal, oil. n-alur:il gas. 
biomass, nuclear, and hydroelectric power. Tbc.-te subsectors all pro­
duce electricity, and they all receive the same price for the deciricify 
they generate. These subsectors do, however, have quite different 
operating and input requirements for producing electricity, which will 
in turn affect their relative profiiabiliiies. The allocation of invest­
ment among these subsectors in Ihe GPC will reflect these differences 
in profitability.

Each lechnology is represented by a vintage-dated, constant elas­
ticity of substitution (CES) produciion/cosi function (one for each 
vintage of coital stock in operation). For each technology,'.techno) 

vjp^'em chang^hrough lime can he captured in ilic'iTro'ilcriTirougli the 
CES production function parameter set. in SGM version 0.0 both_an = 
initial set and a terminal set of CES cocfTicienls or parameters is 
specified for each producing subseclor. For any future viniag^ the 
CES coefficients used are a time-dependent inlerpojalion between the 
initjal and terminal values. Different~technoiogical change scenarios 
can ihiis be modelled in each subsector by varying the terminal co­
efficient values and the lime required to reach these terminal values.

The general execution path for the GPC is to (I) determine desired 
levels of investment in new capacity. (2) operate the new capacity, 
(3) retrofit existing capital slocks, and (4) operate or retire existing 
cspital stocks.
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The CES produclidn/cosl-function 

The CES produclion funclion can.be wrillen, 

i/p/ H \'/P

where Xs is ihe gross output of the process; X, is the use of input 
factor /; oq is the scale coefheieni; oj is the individual factor co­
efficients; and p is the elasticity of substitution parameter.

Profit maximization implies that.

Pi = Po dX,' 1=

where P, is Ihe price of fth input; Po is the price of output; N - M is 
Ihe number of vaiiable factors; and M is the number of fixed factors.^ 

Profits can be wrillen as,

H-SI
n^PoXs~Y,PiX,. (5)

/-I

By judicious application of algebra, and equation (4), profiu can be 
expressed as a function of price and Ihe quantities of M non-variable 
factors of production via,

IT *=

where

1 - (Po«o)"
/H-U \ 1

E«r'>Pr")
\'-i /.

-I/p f n X I/p

E

It is well known that the partial derivative of this expression with re­
spect to the price of Ihe ilh input is Ihe negative of Ihe total factor 
demand, that is

= (8)

Ofttiilwiite gas cm/jiirwi.T

The demand for Ihe fth factor input to the production process can 
therefore be calculated directly as.

where

y= E
;-/v-sr+i

/w-sr \Z = l-(«cPo)"f

(10)

(II)

The above equations can be used to model both operational decision 
making and investment determination.

Expected future profits from (he operation of a technology which 
employs

■»* = (A'w-m+i ,..., X»)

fixed factors over the course of Tyears of operation is simply.

(12)

where is the profit rate consistent with expected future prices
in future period / and dis is the discount rale.

Investment and operaling decisions

Once a technology hat been installed, operation is determined by the 
set of factor prices for variable factors of pioduction, and Ihe quantity 
of the fixed factor employed. The determination of factor demands is 
therefore a relatively simple matter. Investment decisions however 
are not so simple. These are determined both by Ihe present set ^f
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facior prices and Ihc sel of expecied future factor prices extending 
out over the expected lifetime of the investment. In the SGM, there 
are two types of investments, investments in new capacity and in­
vestments in existing capacity, in the form of rctrolit and renovation 
(life extension) investments. The existence of retrofit and renovation 
(life extension) investment alternatives means that present oper­
ations arc never simple, and that the technology chosen for an addi­
tion to new capacity may be .substantially altered before its ultimate 
retirement. The analysis of investment alternatives requires a mech­
anism for the determination of expectations regarding future prices 
and faxes.

Future price and lax rale expectations

fn each sector, investments are allocated among subsectors on the 
basis of their relative expected prontabilitics. Therefore, investment 
decisions for each subsector require expected profit rale calculations, 
which require expected prices nnd tiixcs for ali inputs. For an open 
economy the purchase price of the good produced by the flh sector in 
region "I" is given by:

/'i.r = «i,r|Fi(l + iuTr,)lx84,f + txbj.,J, (13)

v/here o,./ is an adjustment facior to rcllecl markups and intra- 
regional transport costs; Trj is the import transportation coils for the 
ith good; Stj Is a logic driven parameter whose value is 0 if the region 
is 0 net exporter, and I otherwise, txa,,/ is the proporlional tax on the 
(III product in region 1; and ixU.i is the additive lax on the ith prod­
uct in region I.

Obviously, (he price received by Ihc producer of the /ih good is 
simply.

+^uTr,). (14)

1 he direct computation of n,(/o) is cumbersome. An approximation 
of this value can be obtained by substituting a set of present dis­
counted prices directly into the profit function. This yields an exact 
solution when p = 1 (see equation (7)). The present discounted price 
for product / (either an input or an output), Fey. is calculated by,

Creeiilioiist gas eiiiissiniis

(15)

where T„p is Ihe nominal life of the invcslment; ry is Ihc r.ile rtf 
expected price change; and' disy is the discount rale for that sub­
sector.

As noted above, the nominal life of Ihe investment is a parameter 
of the technology. This parameter value may be dilTerenl from the 
maximum potential life of the technology. The lax rale ix is an exog­
enous variable. Both' Ihe rale of expected price change ry and Ihe 
discount rate dis are behavioural variables. Expectations of future 
price and lax rate expectations are assumed to be formed in one of 
two ways. Either they are given exogenously, and assumed known, or 
they are formed on Ihe basis of prior experience. This yields lour .il- 
ternalive formation assumptions for future prices and taxes of inputs 
and outputs which can be created by combining assumptions I, 2, 3, 
nnd 4 from Ihe following matrix:

Formed on Ihe 
assumption that 

previous B periods 
rate of change will 

continue indefinitely

Given exogenously

Prices

Taxes

1 3
2 4

Noie that whenever price of lax expectations are formed on Ihe basis 
of prior experience, the period of prior experience, B, must also be 
specified. For B = 0, present prices or taxes are assumed to remain 
constant indefinitely. Furthermore, it is possible lo run the model in 
an iterative sequence lo develop a perfect foresight set of exoge­
nously specified set of prices. This would be accomplished by speci­
fying prior solution prices as Ihe sel of expected future prices and 
iterating until stability is reached.

We feel that Ihe ability lo model behaviour in which price expect­
ations are formed on Ihe basis of imperfect foresight is important. 
The period of lime between 1V7I) and Ihc present is marked by 
decision-making on Ihe basis of Hawed luresighi in energy niarkets.
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Furlhcrmore. ihe efTecIivcncss of lax and regulaCory policies may in 
fact depend on Ihe expectations formed with regard to long-term 
cnmmilmenl.

The relationship between Ihe discount and interest rates

The discuunt rale and ihc real interest rale need not be Ihe same. A 
great deal of behavioural literature suggests that these rates may in 
fact be significantly different from each other, Lind (19a3), Meier and 
Whillier (1983). Hausman (1979), and Oatcly (1980). To reflect this 
phenomenon, the discount rate, dis. will be linked to the interesi rale 
calculated in the model, interest, by a constant factor of addition, 
fac,. The sector-specific discount rale for retrofit investments, will 
therefore be given by,

dis, = interest -I- fac,. (16)

The add on factor lor rclrofil investments need not be the same as 
the add-on laclor for new investments.

The expected future profit rale for a capacity increasing 
technology

1 he expected profit rale relative to the capital cost, K. denoted as n„ 
is given by.

NR,
(17)

and

NR,

\
At \ I/O

E 0-'*).
v-*t+i /

(18)

where NRe \% the expected net revenue, Or is the profits lax rate, there 
lire M fixed factors, and the other N-M factors are variable factors.
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In version 0.0 there is only one fixed factor and the fixed factor term 
reduces to oi'''’*.

When investments in new capacity occur over more than 
one period

For most investments the decision to invest and the initiation of op­
eration can be assumed to occur within a single five-year lime step. 
This is not always Ihe case. For example, Ihe construction of nuclear 
electric power plants may require more than five years from start of 
construction to first production. Forestry similarly requires more than 
five years between the time of initial investment and the time of 
harvest. Each of these circumstances requires a somewhat different 
approach.

Exfended consirucllon lime
When Ihc construction time for an addition to capacity extends over 

periods then there is an evaluation of the investment in each 
of these periods under the assumption that llie fraction of total in­
vestment required in each period is equal. Tliai is, if the total invest­
ment in the new capacity is taken to be K, and (he construction lime 
is TconMiuci. then in each period an investment of

Ki« /f/Tuutfuu

is assumed to be made. If Ihe investment is expected to be profiloblc 
in the first period, then construction begins. The present discounted 
value of the Investment requirement is then.

(19)................

where, / is the investment period in which the investment decision is 
being made, / = and.rc is an index of periods of in­
vestment remaining, f = Note (hat as each peri^ of
construction passes, Ihe expected profit rale will rise, other things 
being equal, because previous period invesimenis become sunk costs.

Expected net revenues from operaliort of the investment must also 
be discounted by a factor,
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S (l + dish ^ 11 • • • I (20)

The grtwlh-harvest decision
'I’he growlh-harvesl decision problem does not occur in SOM version 
0.0, as all agricultural activities are aggregate. In SOM version 1.0, a 
forestry sector will be disaggregated and this problem will occur. In 
this case an investment occurs in period but no revenue is received 
until But is not predetermined. For growth-harvest
production functions the production function given by equation (3)

it„ = o(C„ C,_i, Atmos,, Atmos,. |, r - fo), (21)

where «is now a function of a vector of climate and atmospheric slate 
ynriabics, and the amount of lime that has elapsed between the initial 
lavcstmenl. and the present period r. C, is a vector of climate vari­
ables such as for example, temperature, precipitation, soil moisture, 
and cvapoiranspiration. for t = /,r- I; and Atmos, is a vector of 
atmospheric stale variables such as for example the concentration of 
atmospheric COi. for/» f,/- 1.

Tlie expected profit rate for an investment in a growth-harvest ac­
tivity is determined by equations (18) and (21) using the expected 
pnee vector for the potential harvest periods in the future*
and discounted by the value,

discountfactur := ^ .
(22)

The value of ti, can be computed for any two potential harvest peri-
denoted respectively n,(ri,,„„i) and 

nr(7h.iK3i +1). The maximum potential value for can be estimated 
by beginning with = 1. and increasing the value of
whenever,

-h 1) ^ nr(Tj,,„„,).

Investments with a maximum value for n, > 0 are included in the 
pool of sector specific competing investmenu.

3IK
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Resource constrained technologies

Many economic activities take place against a background of re­
source constraints. This is of particular interest in the field of energy 
economics, but is in no way limited to the energy sector. For example, 
the resource base for conventional oil is ultimately finite, and cumu­
lative production frpm that resource base may potentially approx­
imate the tola] resource over the period of analysis. Fossil fuels are 
an example of a dcpietable resource. Renewable resources, such as 
solar, wind, tidal, and ocean thermal energy conversion also exist. 
For renewable resources the resource is available in each period in­
dependent of consumption during the previous period. We will dclinc 
dcpielahle and renewable resources as foihrws:
- Depieiabie resources: A depiclable resource is one in which the 

consumption of the resource in one period affects potential con­
sumption in the next period.

- Renewable resources: A renewable resource is one in wliich the 
consumption of the resource in one period does not aficet potential 
consumption of the resource in the next period.

Describing the relationship between resources and production is 
important for such activities.

Depieiabie resources
For depieiabie resources the total resource available for consumption 
over all periods is the sum of the resource available in each grade of 
NG grades.

rtn

s-t

(23)

where Rt is the total amount of resource of type i which could be 
potentially recovered under any possible conditions; and /f,-^ is the 
total amount resource of type r, found in concentralron c, or higher 
up to C|_i’under any possible conditions. The resource base can be 
partitioned into discovered and undiscovered resources. Discovered 
resources are made up of extracted resources, RE, and reserves, RV. 
Undiscovered resources are denoted as RU. Thus,

Ri = RE{ RU[ -I- RV;,

R,,t = REi,, + RUi,,-i-RV,,t.

(24)

(25) 
I
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Ill llic HIM Jet cacti scciur Ihul proitucct ii deptetahte resiouicc has 
u dirfercnl subsector for each grade of the resource. For a given 
Icclinology, the grade of Ihc resource is reflected in the value of 
«(i •- Oil.*, in the production function. Desired extraction from each 
rcsiiiircc grade is determined by the expected rale of profilahilily. 
TIic production function implicitly includes Ihc cost of converting 
undiscovered resources into reserves. Production occurs out of re­
serves as determined by proltl maximization subject to the constraint 
imposed by total investment in each vintage's productive capacity, 
llie production activity occurs only from reserves, and shifu re­
sources from the reserve category to the extracted category.

Because of the multiplicity of resource grades and the existence of 
.siibstiliites, there is no guiinintee that the price of :i depletiihic re- 
.source will rise at a rale c<|ual to the rate of interest, the 'hotelling' 
tesull.

Cnmpeiilion among capacity increasing investments 
within a sector

As discussed earlier, the sector is the highest level of aggregation in 
Ihc model. Subsectors are assumed to produce an essentially homo- 

^ pneous product within the sector. For example, in SGM version 1.0 
it is expected that there will be four dilfeteni types of freight Irans- 
porL rail, air, truck, and other. Each will produce a common unit 
of output, tonne kilomeues of freighi transport. Obviously, this 
assumption violates physical reality. Nevertheless, it is intended to 
capture the essence of the system. For each subsector, there also ex­
ists an additional level of disaggregation, which we refer to as the 
technology level. Technologies compete within the confines of an in­
dividual subsector, and in lurn determine the overall prohlability of 
the subsector. A logit function is used to determine the share of total 
sectoral investment each technology obtains. That share is given by:

= -JJ5-------------------- -,

f"l

(26)

where jr/.i„h is a metric of the characteristic upon which competition 
is based for technology, lech, in subsector i. Af„ is the number of
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subsectors, » 'he number of leclinulogies compeling in sub­
sector f, <r is a sensitivity parameter, and

/VO = ^ /V,„h,- (27)

The logit function is homogeneous of degree zero. Thai is, any scaler 
change in the values of all leaves the values of all iin- 
cliangcd. For values of a equal to zero, sv = l/(/V„/V„tii,). If greater 
values of n^ueh enhance market share, then the value of u is taken to 
be non-negative. (If greater values of rri.uvh diminish market share, 
then the value of «r is taken to be negative.) As the value of rr ap­
proaches oo. s/.inTi approaches one lor the largest value of

In this model, wc will use the logit function to determine the 
share of a sector's total investment spending that is allocated to 
each subsector, that is to say each competing technology option. 1'lie 
independent variables then are the profit talc values of n obtained 
earlier. In general the value of <r will be set to reflect existing market 
sensitivity.

Aggregate sector investment in new capacity

Aggregate regional sector investment levels are determined by using 
an accelerator from Ihc previous periods total investment. Specifically,

'mi.li Ku,^ -baseiale.H •/|cxp(a,n)|, (28)

where Kui is the total new investment in sector i, in period r-t- I; 
baserale is the base rale of growth of investment; and /(exp(n)) is a 
function of the expected profit rate, exp(n).

We do not prejudice the determination of either baserale or the 
function /(exp(n)). For present model development we use,

baserale(4.|
'lOlf.l

(29)

The expected rale of profit is taken to be Ihc average expected profit 
rate which is given by.

c*p(n/4i) = ii/+i
/NO \(£"/*<+• 
\i-i /

(30)
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where n,., is ihc profii rale for Ihc rlh levhnolugy (Inken over all 
.sulweclOTs), in period r. This derivalion is given in Clarke (I99I). Por 
S(iM version 0.0 wc use.

/(cxp(nni)l /'«p(nrti)V 
\ fl. / ■ (31)

where a is a sonsilivity paramelcr.

RcImlil and rcnovalion iiivcslmenl decisions and the 
operation of existing technology vintages

Por existing technologies, or technologies with capacity already in 
place, there arc four possible outcomes in any period:
1. (3/rer<rre without change,
2. lieini/ii and operate,
3. hlfu ihe capacity, but do nut retire,
•I. lietire the technology.
'I he determination of operating mode depends upon Ihe behavioural 
assumptions. Given Ihe five-year lime step in the model, it has been 
decided to eliminate option 3. In other words, producers will either 
opcralc a vintage in Ihe current period or retire dial vintage.

For market economies prolil maximi/alion is the behavioural 
paradigm. For investment decisions this means that NR is maximized. 
That is. existing technologies will continue to be operated as long as 
current operating costs can be covered, unless otherwise prevented 
from doing so. Tliey will add rcirorn technologies cither if (hey are 
required ui if they add to profitabiliiy. The behaviour of command 
econornies is similar, except that (1) substantial subsidies, in both Ihe 
cost of input factors and direct subsidies to total operating costs; and 
(2) allocation schemes where administered prices do not clear mar­
kets are an important delcrminani of economic behaviour.

Reirofil ferhiiologies ,
Retrofit technologies are (he principal complicating factor in Ihe 
analysis of existing technology operations. The level of operation of 
the technology is assumed to be identical to the parent technology. 
The additional capital cost, relative to the original capital cost, is a 
technology parameter. The presence or lack of presence of retrofit 
options does not affect the bate production or cost functions.

(in-riilwii\i! gti.i riiii.\.\iiim

New retrofit options can be incorporated into the operating stiiie- 
lure of the technology it they either arc required or arc determined to 
be profitable. If reirofil technologies are not required, then it must he 
determined if (he base technology will continue to be operated. It 
the base technology can cover current costs, it will continue to be 
operated, even if its present discounted expected future revenues arc 
negative. If it cannofeover present operating costs, (hen the technol­
ogy will be retired unless some retrolil package can produce a present 
discounted expected future prolil.

Under some circumstances Ihe present Icchnology may eeuse to lie 
an option because a relrofiuechnoingy must be applied. In such cases 
Ihe technology will be retired unless some rcirolil packngc cun pro­
duce a present discounted expected future profit just as if (he base 
technology bad been unprofitable in the current period.

To evaluate retrofit technologies we make Ihe following ealeu- 
latiuns. Consider an existing technology of vintage P. installed in 
period V, with nominal lifetime 7', in existence hi period /. To de­
termine (he profitability of retrofit options for that technology, we 
begin by computing.

Note that a set of expected future prices for reiiofil technologies may 
be different from the set of expected future prices for Ihe base Icch- 
noJogy due to different discount rates for Ihe two activities. TInil is, 
some firms may have u higher discount rate for retrofit lechmilogies 
than for new base load investments.

Because each retrofit technology can affect the original technology 
is a wide variety oi ways, Ihe total technology, thiil is including both 
the base technology and a package of rclTofit options, is given hy a 
separate CES production function whose net additional capital cost is 
some fraction of (he original capital investment, and whose lifetime is 
the expected lifetime remaining on the original technology.

The general formulation for profii with u fixed factor CliS pro­
duction function, as given by equation (6), is used (u compute a value 
of •'roroiti for each technology with a retrofit option. Note that for 
retrofit = 0, the expected future profit for Ihe base technology is 
given, ff any retrofit technology has a positive present discounted
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expected profit higher than the base technology, then the retrofit 
technology package with the highest expected future profit rale is 
selected. If expected profits are negative no retrofit technology is 
adopted, and if cither the base technology is unable to cover present 
operating costs, or is no longer available due to mandated retrofit 
actions, then the technology is retired.

Ktnovaiion
Renovation is a special case of the general investment/ietrofil prob­
lem. Al the end of years of service the lechnoiogy must either be 
ictired or renovated. Renovation lakes the form of a one-time capital 
investment, that occurs in the T„plh year of service. In effect, how­
ever, the retrofit option can be thought of as competing with other 
new investment opportunities with the production function coeffi­
cients of the original technology, a capital cost of and 7;„„j
years of expected life. The profit rale is computed using equation (15) 
and expected fulure prices based on an expected technology life of 
^ctunj years. Of course, more than one life-extension technology op­
tion is possible. In the case where multiple options are available, the 
technology with the highest expected profit rate is chosen.

The present operating profitability, NR, is still computed from 
equation (6). The operation, retirement and retrofit logic diagram is 
given below:

NR>0 NR<0

* > 0 

71 < 0

Operate and 
Retrofit

Retire

Retire Retire

TTial IS. the technology will be retired unless it both can make money 
in the immediate period and is expecled to add to Ihe wealth of the 
sector over its expected lifetime.

Greenhouse gas emissions

As discussed earlier, Ihe greenhouse issue is complicated by Ihe fact 
that a wide array of gases are associated with the effect. We make no 
attempt to discuss either the nature or Ihe extent of the effect various

m
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gases have on the radiative balance of the earlh/aimosphcrc energy 
balance, but simply note that Ihe following suite of gases will be 
considered.
- CO2 emissions from fossile fuel and biomass combustion processes.
- VOCemisslons resulting from energy production processes, selected 

manufacturing processes, some combustion processes (mainly of 
petroleum based fuel in internal combustion engines), and from 
selected natural processes.

- CFC emissions from losses from refrigeration and uir condiiicming 
equipment, foam blowing, aerosol propellants, cleaning solvents, 
and fire extinguishers.

- CH4 emissions which emanate from the production and dislril>u- 
lion of natural gas, mining of coal, from Ihe raising of ruminant 
animals, Ihe growing of rice, from sanitary landfills, and from 
combustion processes (principally biomass burning).

- CO emissions, most of which emanate from incomplete combustion 
of carbon-based fuels, principally in the transportation sector.

- NzO emissions from combustion processes, fertilizer use, and se­
lected natural sources.

- NO, emissions from combustion processes - especially from elec­
trical power generation and in internal combustion engines.

- SO2 emissions and consequent sulphate transformations so ihm 
albedo changes can be monitored.
Greenhouse gas emissions coefiicienls will be included with each 

lechnoiogy description. Emissions will be assumed Id be proporlional 
to either the scale of input utilization or oulpul of the technology. 

Emissions can be calculated simply as.
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where, e„,i^u.ita,j is (he lechnoiogy specific emission coefliejent for 
emission m, in sector /, subsector si, using lechnoiogy lech, with input 
/: is the input demand for factor/by sector r, subsector sj.
using technology lech, of vintage v, in region 1; is the
technology specific emission coefficient for emission m, in sector 
f, subsector ss, using technology lech, producing output /; and

c
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is (he oulpul of good / by seclor I, subsector ss, using 
lechnoiogy tech, of vintage v, in region 1.

When emissions are released costlessly into the atmosphere they 
hiivc no effect on either the cost of production or the optimum de- 
ntiind for investment goods. Releases need not be costless. Like other 
inputs and outputs from the technology, emissions may be priced. 
Ernissions coefneients have been related to individual technologies. 
This is because (he cleierminants of emissions can be relatively com- 
plex. This is even ilic case for emissions as simple as fossil fuel com- 
husliim ciirhon emissions. In general the release of carbon to the 
iilniosphcrc is considered to he proportional to the energy content of 
the specilic fuel by a llxed rulto and (hcrefore largely independent of 
I lie technology in which the fossil fuel form is combusted. This need 
not be the case. Emissions capture technologies exist, and the rale of 
release of carbon to be atmosphere per unit of fossil fuel energy 
eonihiisled may therefore vary by lechnoiogy.

On the presumption that emissions can be measured and therefore 
costs can be associated with them, emissions fees would affect the 
COM of production. The effeel of fees will he reflected in o mod- 
ilieuiion to equations (13) and (14). For consumers of the /th product 
in (he ilh sector the cost would become,

fM
I = <»*.i Pi( I +^,.i Trt)ixa!j +ixb,^, +

(34)

where = the price of good / consumed in seclor /. sub­
sector ss, using lechnoiogy tech, in region 1. For producers, the 
income from the sale of the /ih product produced in seclor / is.

/ = /’,(! + 5,-| Tn) -

Final demand sectors

(35)

In addition to (he sectors that produce goods and services, there are 
three linal demand sectors, households, government, and foreign. As 
IS llie case with the directly productive sectors, final demand sectors
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have demands for goods and services and can produce goods and 
services. We begin with the government sector, not because the 
analysis of the behaviour of the government sector is simpler ihun 
that of the household, but rather because our modelling approach In 
(his seclor is simpler than that of (he household sector.

Government

Expenditures by the budget of (he goveriinienl seclor must satisfy (lie 
following identity:

TX,,, - ■ fR*!!* + y \PiXl,^ay, (3f.)

where TX,cx is the total of all net (ax revenues, where siilisidies art- 
measured is the net government savings, or lor negative values 
cqunis net government borrowing, nnd — is transfer pnymenix
by the government.

In SGM version 0.0, is assumed to be zero. In SGM Version 
1.0 this assumplion will be relaxed.

In SOM version 0.0 transfer payments are assumed to be a lunclion 
of demographies,

TR,„-/foPOPro, ^ POP,., ) (.POP..,,/ VpOP,..; •

(37)

Where POP,., is the total population; POP|j. is the population under 
age 15; POP»5^ is the population over age 65; POPjjxy is the pop­
ulation whose personal income is 25% or less than the mean; 
I'ptnmi is liie personal income; and ft is the appropriate empiri­
cally determined coefficients.
. The government is modelled as producing services. In SGM ver­
sion 0.0 there are three services produced, in SGM version 1.0 this 
will be expanded to five. These are given in l.ihle 4.

The demand for goods and services by the government seclor is 
modelled as a constrained optimization problem. Government max-
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Tiihk 4 aO'M goytfniiiBnt iul»trioi» T«nian 0.0 ■od vi/ilen 1.0 
SGM venion 0.0 SGM venion 1.0

Gincful, Niilional Defence, Educjlion Gencfil, Nalionil Defence, Education,
Infraifntcluie, K&O

iniizca a ulilily funclion, presumed fo he CES in SGM version 0.0, 
delined over the three subsectors (general governmenf, nalional de­
fence, and educaiion), and sobjeci to the net income given by equa­
tion (36). This can be represented as,

/tves \ Vp

(38)

where C is the government ulilily. an unobservable variable; G„ is 
the production uf government service «; is a scale parameter; ft Is 
an elasticity parameter; and NGS is the number of services produced 
by the government.

Government services are assumed lobe produced with fixed input- 
output coeOicienls. Thus the cost of an additional unit of government 
service, type ss, can be computed as simply.

(39)

where is the cost of the next unit of government service that 
is P/ is the price of input i in the production process; and is the 
amount of input / required to produce government service from gov­
ernment subsector ss.

Because the cost of producing the next unit of government service 
K constant for any set Pj,’ the determination of government demands 
for goods and services is greatly simplified. This problem can be 
staled as one of maximizing ulilily subject to a budget constraint 
equation (36). maximize C(Ci,.... Gkcs). subject to

NOS
TX,ci - Sfot - ^ P,,„Gu = 0. (40)
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(41)

This problem has a simple solution,

//VOS \"'
G„ = {TX,., -S,„ - (E1 •

where /!„ = and y = p/(/i - I).'"

Households

A great number of decisions are canied out in the household sector. 
These include the following;
1. Demographics
2. Labour supply
3. Land supply
4. Household savings
5. Household demand for final products

III SGM version 0.0 the delcrminalioh ol the demographic charac­
teristics of each region’s population, and its supplies of labour, land, 
and savings arc handled sequentially. Only the composition of de­
mand for final goods and services is handled in a holistic ulilily max­
imization framework. Because the demographic characteristics of a 
region’s population are an important determinant of other household 
behaviour wc discuss this element of the model first. We then con­
sider labour, land, and savings supplies. These factors determine dis­
posable personal income allocated to consumption. Hnally, we de­
scribe the determination of final demand for goods and services.

Demographics
The demographic component of the household sector determines 
population in a region by employing assumptions with regard to three 
characlerultcs: survival rales, fertility rates, and migration rales. For 
any period, /, total population is given by,

NACB
POPiDt, = POPfi«.«ti*» + POPij«.f«t»*iu>

■KbI

(42)

where POP,g«,niiu is the males in age group age; POP,,e.r«n,i., is the 
females in age group age; and NAGE is the number of age groups 
defined.
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l-or Ihc youngest age group, age = I, 

riAGK

0g<»2
gender = male, female, (43)

where POP,^,.| is (be populalion in the youngest age group, 
age = I, by gender, in period is the fertility rate for females in 
age group, age. in period r; and « the fraction of births by
gender, with + g,n_t = 1, and for other age groups, poputation is 
determined by survival via,

POP«f*,l(ci*J«r.i = •5V'.*c.iWct.|POP,jc_t.gtB0jr.|.i + POPmlg,^,^„,5„_,,

c = 2,...,T4AGE. (44)

where is the survival rate by gender from age group age
to nge+ I; POPmig,j„, , is the net immigration of populalion 
into the region in age group, age = 1.

At this point, fertility rates, survival rales, and migration rates 
are delcmiined exogenously, with (he exception that net migration 
summed over all regions is always sero for each age and gender.

Labour supply
Thc-supply of labour is determined by the working age population, 
rale of labour force participation, and the wage rale.

knula NAOE
^labout — 0|»<.f«ndeiPOP

m«1c a|Cst

|f’|jrx»ui(l - /Xe/ibovi) - ^f’laboiu|^igc,(<niJe>i (45)

where Phbo»t is Ihe wage latc for labour; otn,.j,(idci is a scale cocOicieni 
for Ihe supply of labour, by age and gender; is Ihe price
clasticily of supply of labour by age and gender, and ua.lxb arc pro- 
porliunal and additive (ax rales, respectively.

l,tiuJ supply -
In version 0.0, land supply is total land area in (he region. All land 
services are sold on the domestic market. Households supply land on 
Ihe basis of (he rental rate via

3J0
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^l.«d = LAND,„a,.,w(l - «p(//,,^/',„„j)l. (46)

where LAND,,,, is (he total surface arcii potentially nvailohle for 
allocation; eund is Ihc maximum poluntisl shtirc of land supplied to 
Ihc market; is a land supply price responsiveness cocfllcicnt; and 
Pi,Mi is the rental rate on a unit of land.

In SOM version .1.0, ihe land supply sector will become much 
richer. One of Ihe polentially most imporlant dctcrminalions is the 
representation of Ihe character of land, and its potenliul supply and 
use, and Ihe potential changes to land character ns it is affected by 
human activity. To be most useful, Ihe model of land must he capable 
of explaining both the present alhicalion umJ use of land, how (hat 
allocation and use changes with time, and the consequences of land- 
use for greenhouse gas emissions. Furthermore, Ihe characleri/.atiun 
must also be capable of providing a framework for assessing the 
consequences of potential changes in atmosphere and climate, and of 
changes in sea level. Several alternative specifications arc being con­
sidered. A description of land use in SGM version 1.0 will he the 
subject of future model development reports.

Persoun! hicoiiie
Personal income can be computed from llic iiifoimatitin alieady de­
veloped via the equation,

Y = Xlibovr iurp1r(Pubour(1 “ fSOljbour) ~
+ 2T|,nd iiippl)r|P|iBd(I ~ txniirij) ~
+ nro,(1 — U, - Si) + TRfoe (47)

where Y is the disposable personal income; is the total net pronis 
from Ihe operation of all enterprises; ix, is Ihc profits lax rale; s. is 
Ihc rale of retained corporate earnings; and ixy = income lax rale.

Savings supply
SGM version 0.0 represents savings as a function of present income 
and (he interest rale.

5hh = - cxp(^y,„„(iniercst + faci,),)|) (48)

where Jbh is the total supply of savings by households; aMu,,, is the 
maximum potential household savings talc; is the price sensi-
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tivily of households (o ihe available interest rale; and is an ad­
justment factor linking Ihe market interest rale lo Ihe interest rale 
available lo households.

While it is usual for a general equilibrium model to maximize a 
utility function lo determine household behaviour, version 0.0 does 
not do this. The developmeni of a more sophisticated description of 
aggregate household behaviour is a developmeni task.

llitusehold demand for final products
Own demands for factor Inputs labour and land are computed sepa­
rately from demands for other goods and services.

The own demand for land is a function of the number of house­
holds.

/NA(7E ,NIIH= Y. POP.*. A«. (49)

where NHH is the number of households; and um, is Ihe average 
number of people per household.

Therefote,

= NHH (50)

where ori,«i.ah is the household land intensity factor; and is Ihe
price elasticity of demand by households for land.

The household demand for labour is a function of Ihe price of 
labour,

^I«bou/,Mi = (51)

where abbour.Mi is the household labour demand intensity factor; and 
Pubout.hh i* Ihe price elasticity of demand by households for labour. 

The total value of consumption can then be calculated by difference

~ ^ ~ ~ - Aubcui.hh/’lilMur- (52)

Consumption of any final product can then be computed using 
price and income elasticities and an income expenditure normal- 
izulioii via,

greenhouse giis emijsiims

Ardi.hh = Vr''“ 1

where A’d/.hh is Ihe demand for good i by the household sector; o,_|,h is 
the household demand intensity factor for good i; « Ihc price 
elasticity of demand by households for good i; and y,j,,, is Ihe income 
elasticity of demand by households for good i, and

NS 

*.i
(54)

Each consumption good, which in version 0.0 is identical lo a pro­
duced commodity in the OPC, is assumed to have an income and o 
price elasticity of demand.

In version 1.0, Ihe plan is lo embed llic household decision making 
process in a cohesive intertemporal decision-making process which 
includes consumption, savings, and education. Education is important 
because, at ieasi in the United Slates, it is the most important deter­
minant of life-cycle labour-force participation. In addition, the sub­
sector structure in the model will be used lo expand Ihc number of 
demographic groups. The number of such groups has not yet been 
determined but will reflect significant differences with respect lo sav­
ings and education decisions, (n version 1.0 consumption categories 
will probably be different from production categories, implying the 
need for a translation matrix from consumption lo production com­
modities. Computationally more versatile forms for Ihc labour and 
land supplies will also be explored.

General equilibrium

As noted earlier, markets are defined for each of the 10 producing 
sectors in SGM version 0.0 plus one for each of the three primary 
factors of production: land, labour, and capital.'* There are at least 
13 markett for (he model lo clear even when only a single region is 
being considered. When multiple regions are being considered simul­
taneously, the number of markets will expand. Land and labour 
markets are considered to be closed. This increases the number of 
markets from 13 to 11+2NL, where NL is Ihe number of regions. 
If capital markets are closed this number increases lo I0 + 3WL.'* 
In addition, Ihc model user can open or clore any market in any
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'IVblc S An tiimplt of trading ttliUenthlp l«Mc

Region
(‘oiiiincKlily 1 2 3 4 5 6 7 8 9 to II

1. Agrr. 1 1 1 1 1 I I 1 1 1 1
2. Crudo nil 1 1 1 1 1 1 1 1 1 1 1
J. Oil ref. 1 1 1 1 1 1 1 1 1 1 1
4. Nal. gilt 1 1 2 1 2 1 1 1 i 1
S. Nal. gai Ir 1 1 t 1 1 I 1 1 1 1 1
6. Coal piud. 1 1 1 1 1 1 1 1 1 1
7. Iliomiiu 1 1 1 1 1 1 I 1 1 1 1
K Uranium 1 1 1 1 1 1 1 I 1 1 1
V. I-:lcc. 1 1 2 3 0 2 3 0 0 0 0

10. OlhlT 1 1 1 1 1 1 I 1 1 1 1
11. I..ihuitr 0 0 n 0 0 0 n 0 n 0 0
12. I.nnd II 0 0 u 0 0 0 0 u 0 0
l.r Siiv/iiiv 0 0 0 fl 0 0 0 0 0 0 0

region rdalive (o the resi of ihe world, and thus create trading 
groupa. This is indicated Ihrough a variable, Mktiink defined over 
regions and commodities, where if for one of the 13 commodities and 
11 regions,

Mklliiik =0 indicates lhal legion L is permanenlly closed to trade 
in commodity IN. For example, all regions arc closed 
to trade in land in Ihe above matrix;

Mkitink > 0 indicates lhal Ihe region trodes with all other regions 
with similar Mktiink values for lhal commodity.'*

An example of a trading relationship table is given in table 5.
The number of markets will also vary during Ihe execution of the 

model. This occurs because transportation costs involved in interna­
tional trade are non-lrivial. It is easily possible to encounter a case in 
which a region would desire to export a good if Ihe region is Heated 
as an importing region and domestic producers are assumed to be 
able to oblain the world price of the commodity plus the cost of 
transporlalion. On Ihe other band, If the region is Irealed as an ex- 
purling region, in which domeslic producers can oblain only tlie 
world price of Ihe commodity, the quantity of Ihe product demanded 
by the region increases and the quantity supplied decreases to the 
point where the region would desire to import the good. Under such

33. ' ' • •
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ciraimsiances. the model will treat lhal region/commodity combina­
tion as if it were lemporatily closed.*^

For each region/commodily combination, on excess demand can
be calculated by

ff, Nu,., Wlochi.,,,. 

j>l «-l luch«l

where = excess demand for commodity / in region j.
Consider for a moment the simplest case in which nil commodities 

arc traded internationally. For any period, equilibrium exists wheo a 
set of prices, F = ....... ... can be found for which

(VI.

f=i

(56)

(57)

This set of prices is not unique. Wniras's l.-iw,

(V Nl.

which holds as an identity, and guarantees that if an equilibrium set 
of prices exists, that any positive scalai multiple of those prices is also 
an equilibrium set of prices. Any commodity can be chosen as a 
numeraire and its price determined arbitrarily, set for example to 
one. The number of independent market prices is always one less
lhan Ihe number of markets. .....

Similarly, since the unit of measure chosen for commodities is also 
arbitrary, units can be chosen such lhal all equilibrium prices are 
unity in one period.

Solving the SGM

The BRM first generation model, used a Newton search procedure in 
an elaslicily metric. Elasticities were computed numerically by per­
turbing each market price slightly and re-evnlualing the model. 1 tiis 
required Nmkt+1 evaluations for each search step. It also created 
a Nmkl* matrix of partial derivatives, which needed to be inverted. 
With 42 independent markcU, this procedure requires a mainx of

ffi
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I.7M oloiiifiilii lo be iaverled. The BUM also incorporalcd a variety 
of procedures lo be invoked in the event that no change in a dis­
equilibrium set of prices could be identified, through the Newton 
search approach, which reduced (he metric of disequilibrium, the sum 
of squared excess demands.

Increasing the number of markcls lo 42 in SCM version 00 in­
creases the complexity of the problem of finding numerical solutions 
to the model. The SGM will employ an even more diverse sel of sol­
ution algorithm allernalives lhan the ERM. The most important ad­
dition to Ihc set of search techniques is the Gauss-Seidel procedure. 
This solution algorithm begins with an initial price vector, and then 
updates each element of Ihc price vector individually.’*

Concluding remarks

This pjpet describes a new model under development, a second 
generation model of global energy and other human activities and 
greenhouse gas emissions. The model addresses the problem of the 
relationship between human aclivities in a wide array of domains, 
and their effccl on the emissions of radiatively important gases, and’ 
Ihe poicntia! consequences of changes in the atmospheric composi­
tion and ctimate on those human activities. To address the extremely 
broad scope implied by these objectives, we have begun Ihe devel­
opment of a gJobal. computable general equilibrium model, which 
provides insighls nol possible with linked independent maikel equi­
librium models. It is also designed lo address a specific problem. Its 
level of complexity and disaggregation reflects the character of that 
problem. Energy is the single most important human activity affecting 
greenhouse gas emission. (I Ihcreforc receives Ihe greatest attention 
m the model. Agriculture and land-use are the next most important 
issues and receive greater attention lhan, for example, their value- 
added contribution to GNP would indicate they warranl. Other sec­
tors of the economy are modelled in relatively aggregate detail.

The model will be exercised fox bolh icgional/national economies 
independently of the world economy, and as a world model. Projects 
to model the United Slates. Chinese, and former Soviet Union arc 
underway m partnership with sister institutions in China and Russia. 
These projects ere aniicipaled lo produce results during 1992. This 
work in turn will help inform the development of the SGM global 
model. Progress on these endeavours will be the subject of future 
reports.
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Notes.

1. The lulhoii wouM Ilk* lo eipicn appicHiIlon lo llu' Unilril Slalct tV-padniL'nl <il l-oL'iior, 
one* oJ Eneigy Raetich and Itie OSne el roXey. Plannini, and Anil|rila, and lu the 
Untied SlatM Envlionmtnlal P/olcrtion Agency, for auppoil la Ihc cunduci of Ihli re- 
teardi. IXc ivihon would ifao like lo eiprut apprcclalion lu Yeichl Kaya, Nebnjin N»ki- 
Xenuaic. Kliil Parikh, Yuingihcng Idiii, Reil Hickman, and Xen Rolling fni ihcii Ihmighl- 
ful ooimncnli on an culler diaft ol iMa paper.

2. Ouca wilh cbiracicrillie a-folding or average molvculai lircliine viluct nt Iru than III 
yein.

1. Ceniviy lime Kilck
4. Per ciinipla, coaliol rvoi uiing Ihe EMM and ni.OUAI. 2KKI modcla yield rcniaifcnlily 

rifliilar rcaullt when Handled anumplloni ate employed In hoih modela. Tha <> dcipile Ihc 
fiel lhal Ihe ERM if i behaviovral nuidel and OIjOBAI. 2IIK) ii a dynamic opllndnng 
model.

5. ll b aimp poeiihlc lo rccMl a nmdcl such as ihc SOM williiii ihc dyoarntc npliniiv.ilion 
wilb pcrfecl foretishl puidigm.

Ik Compared lu eompciing lechnolngiea.
7. Note Ihet Ihc price tccdvtd by Ihe piuducctt. I\, b ct|«at lo lh« l.o.h. piitu. Thi: priixs poid 

hy pieduoeia ate equal lu the f.o.h. prfce pfui lasca and niiiku|ia.
». Nule lhal in Ihls case Ihu pcriothipeclfic cipeclcd piles veetni leplavcs Ihe piestnl Ob- 

counled prioe vccloT given ^ cquarion (14).
9. Hole lhal Ihii property Is chareetctirlic of any pioihiclinn functHin whteh ■■ homngeneous ii( 

degree one. loth as for caimple Ihe CES. and nol simply Ihe Lcemlef spetificsItDn.
10. Tto see Ihn eiole lhal ftrsl-order oonditions ecquira lhal

nhaie 4 b a Lagranglan mullipllct. Por convcnicnoe ddlnu.

and role lhal

u-S

Subaliioie (I) Into (2) to yield.

iirts->l<3■iP'4
Rciobililoling (3) Into (1) gives Ihe final tctulL

11. RocaO lhal Ihc eapllil rasikcl it i miikel for lavinp end inveslment. Il docs nol ellocale 
entiling cqpHel il^f. Those arc quiai Iteed as i vfniaged capiul Hock.

12. The relaaaiion of ihe asumpiloa lhal capilal maikcis are dosed icquirci Ihe crcalioo of sn 
invciimcnl vehkle. This cotiM he •ecamptfihcd hy ihe aeaiJon of an Iniernillonal bond, 
this bond n«oU Imply a fulvee rcinm aow of ruouroos in eichsngc for savinp. Mel in- 
leteil paymcnls sraoM be added lo UNP and houichold dirpraahk Income, euuming 
houscholdi bold Ibe bondL

13. Nolo lhal while model logle will nol bealccted. iheieshould alweya ho si least Iwsi legUms 
Involved la a Utdlng groirp for each eortimodiiy. The value ol the MHIink variable gives c 
icfercnoe region where* lAb. pelce ol cnmmodily IN dcictminea Ihe l.o.h. price for lhal 
commodlly In all enher reglocu in Ihe trading group. For crample, in ihe mairin sbovu, all
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Lihiiimifs el iil.

fi'Tnifw cxvpl <-hln». U<L- Ihc (ifics uf hkiIi.mIivi9| pnijuch In ili« llniicd KIiim 
(rvKUWi I) 111 a uwimiin Kftrrence l.ii.Ji. piic«.

■fh< voliic umI in Mtillnk ,hi,„w ,;ic li.wol InJci rumhcr uf iiny
iiKinhii Ml die itedinj (loup. Tof eKinple when letiwi J and 6 (oim in clocliiciiy ludint 
gciHip. biiih members vtt Ihc number 3 for Ibcii Mkllink vilucj.

We nole ih*l i rc|ian cannol be open lu trade In only one omunodily.
14. When a region i. icmporatily trealcd os If ii were closed lo Hade In a parliculir ownmodity.

^ '"'“'“I Mkllink ban lellic negative of Ihe refurenec group number.
13. This pro^uie has an eapecied loluiioo rale of between 3Nmkl and lONmVl model eval- 

ualinni. It Is ihui cumputalionally very emelenl. The order fn which the Gausi-Scidel algo- 
nihm oruraies nay be impoiianl. For caampie. we may wish lo mlve the m.rld market 
then ilerile lo the luglunil labour and land maikeia. and then return lo Ihc world market. 
Jnm* Iheu^l needi lo be given lo gelling appropriale output and Hacking ihc solullon 
piricess wilh an eye lo improving ils ellitiaicy.
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Comments on chapter 9

340

1. Nebojsa Nakicenovic

The design and imptenientalion of (he "second generation" model 
for analysis of future greenhouse gas emissions is indeed a formidable 
lask. Edmonds el al. (1992) scl Che goals of such a model well beyond 
Ihc stale of the art by specifying lhat it should be "capable of ana­
lysing Ihe emissions of all greenhouse gases from all sources, includ­
ing both (hose of natural and human origin, to provide an anolysis of 
the interplay between Ihe variety of human and natural aclivilics re­
sponsible for greenhouse gas emission." Clearly, such models cur­
rently do not exist lhat are capable of "assessing emissions from all 
human activities and major direcl and indirect consequences of po- 
Icnlial policies to reduce emission." There are many models lhat 
already address some specific pans of the problem, e.g., carbon di­
oxide emissions associated with energy use or models lhat cover 
all anthropogenic sources of emissions and resulting atmospheric 
concentrations (e.g. EPA’s Atmospheric Stabilizalion Framework, 
Lashof and Tirpak 1989). They arc, of course, still very far fiom 
the comprehensive approach suggested by Edmonds cl al. Hence, (lie 
development of Ihe second generation model of the lype proposed by
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Lidnionds ul n\. is certainly a moxl welcome cfToil, iiUhnugh a very 
nmliiliniu one.

Undeniuhly, much could he learned hy the modelling cuinmunily 
from the exercise proposed by Edmonds et al. In particular, Ihe 
cfTotis sucgesled lo en-dogeni/e dernographic and lechnological 
cjinnges jrwril paMl.cuj^r.pr?li$<<-Und altention. However, wTlhiri a 
piiTicy'conlcxi there is also Ihe issue of how such a model can help 
reduce the uncertainties inheren) jn modellinp global change.

SlTeihulivery how enn the modelling exercise make more irans* 
parent and explicit the uncertainties stemming either from our in* 
suflicicnl understanding of natural and social phenomena or their 
inadequate abstraction (modelling)? Therefore, a word of caution 
may he in order. The policy dimension of global warming must con­
front simultaneously Ihe problems of extreme uncertainly, both in Ihe 
causes and consequences of global warming, and in Ihe future con­
texts within which policies related lo global warming will operate. 
Thus, there is a need for great nexihilily in policy measures since the 
xocio-ccomimic and technological contexts within which any global 
change policy is silualcd will clearly vary and alter. Wo arc confront­
ing policy choices related to a global environmental issue whose 
effects will be measured in decades and centuries. To illustrate the 
difTicully of this task, imagine confronting similar issues a century 
before, say in 1892. At that lime, electricity did not have a significant 
rote, Ihe motor car had just been invented, the aeroplane was un­
known except as a concept, and nuclear weapons were unlhinkuhle 
due lo Ihe lack of basic physics, while major urban problems were 
particulates from coal and dung from horses. Thus, it should be clear 
tlial it is unlikely we will forecast Ihe future evolution of energy sys­
tems, technologies, or its social contexts over the next 100 years any 
more accurately today than if we had performed Ihe same exercise a 
century ago. Yet, modelling and assessment of strategies for miti­
gation of climate change require a veiy long-term view, one which 
extends far beyond normal planning honzons.

In view of the large and still unresolved scientinc uncertainty.sur­
rounding greenhouse gas emissions, their sources and sinks, (he con­
sequences such as adverse and itreveisibic climate change and possi­
ble response strategies, Ihe development of Ihe second generation 
model of.Ihe parametric type proposed by Edmonds et al. is a very 
useful effort since it will allow Ihe testing of different hypotheses 
concerning fulure energy and greenhouse gas emissions.

In this short commentary we will discuss a few of the salient char-

w
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acterlstics of such a model that iippeiir to he required if it Ls lo fuHil 
the expectations of its authors, hut wc will not rawe the spetilic 
technical questions that would need lo he resolved hcforc the model 
can actually be built. The technical questions include, for cxuniple, 
the problem of inlcgraling Ihe global warming potential of emission 
and concentration of multiple greenhouse gases, or how lo aecoiint 
for historical and current NiO emissions from human activities and 
natural sources, or how lo rccoiisiruci Ihe capital vintage sliiteliire 
for economies in Iransiirdn'and developing counliies. These qiic,s- 
lions are far from being resolved but arc the subjecl of a number of 
research aclivities and international efforts from which the proposed 
modelling exercise could henefil. Lei us nssume that ihese uncer- 
fainlies and unknowns can be resolved hy a parametric modelling 
approach.

We now return lo the discussion of importuni n\odel cluiiacierisiics 
which (in order lo be brief) we will limit lo four issues: (1) population 
dynamics. (2) endogenizslion ol technology, (3) socio eulmral nspecls 
and (4) provision of energy services. They arc imporiniil l>ecausc 
they urc all linked lo the requiremeni of adoplitig a very long lime 
horizon for model applications, which extends lo the end of the next 
century. The authors arc lo be complimented for taking Ihe loiig-lctm 
and global view. Models lhal focus on lime-scjles of two lo three 
decades can be based on many sialic assumptions due to Ihe relative 
stability of demographic trends, social and cultural relations, and the 
technology base over such periods. Conversely, exien.siou of the time 
horizon well into the next century means that many of these long­
term processes will become fluid and can no longer he itealed as 
constants or •‘slow variables."

I. Populalion djmBtnics

In a century global population could stabilize but during the next few 
decades il will certainly conlinue to grow at rales fairly close to Ihe 
current |.7 per cent per year. In faci, the momentum behind global 
populalion growth is indeed very large. Even if wc assume an abrupt 
change in fertility throughout Ihc world down lo oi even below Ihe 
replacement levels of aboul 2.2 children per woman, as it now pre­
vails in most of the West European countries (and will thus result in a 
signifleani population decline). Ihe global populalion would continue 
lo grow for a few decades as illustrated in ligure I. I hu.s, the demo­
graphic Iransition is an imporiani issue if a long time horizon^ is
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adopted. It is of paramount importance whether the gtobiil pop­
ulation will reach 10 billion or grow beyond. What is almost certain is 
that it can be expected to double during the next lOil years.

The objective to "endogenize" population growth in the next 
model version is to be welcomed. The actual problem is how to im­
plement the link between development and population: is the demo­
graphic transition a'prerequisite for rapid development or the other 
way around? How to account for the diverse experiences among 
countries and regions with respect to the demographic transition? A 
crilical impasse is how to model these theoretically poorly under­
stood linkages at the global and regional level. I'ur the time being 
Edmonds el al. plan to include assumptions concerning survival, 
fertility, and migration rates for individual regions over the time 
horizon. However, increasing the number of exogenously iissiinicd 
driving variables does not necessarily lead towards a better under­
standing of the enmplex issues between development and demo­
graphics. It might, therefore, be simpler and also mure transpaienl to 
assume different population-growth scenarios exogenously as done by 
Ihe United Nations populaliun forecasts that .ire the standard refer­
ence in this field (UN 1990). Personally 1 see little merit in making 
numerous assumptions in a model without explicitly describing Ihe 
linkages between Ihe variables. The approach leaves u false impres­
sion of certainly and accuracy that does not actually exist. This crit­
ically affecis particularly the lieatmenl of migration in Ihe proposed 
model. Clearly, emissions will depend on trade and migration pal- 
Icins but Ihe problem is that there is no obvious way to model inter­
national migration, especially Ihe large movements of people that 
might be caused by Ihe adverse effects of climate change. Low pop­
ulation growth rales and high levels of aOlueoce in some parts of 
Ihe world can also be expected to allract additional migration and, 
this again is a possible linkage between development and population 
issues.

II. Bndogenizalton of lectinotogy

One of Ihe important shortcomings of many energy models is that 
resource scarcity is one of the central driving forces of future energy 
development. Once Ihe cheap and clean sources of energy are ex­
hausted, the models "dig deeper" into dirtier and costlier upliuns. 
This is close to Ihe Malthusian concept of limited resources and has 
by and large been historically falsified for most factor inputs including
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ciiL-rgy. mineraft. or land. |( turns out that in the long run tech- 
nological change leads to production of more with lest rather than of 
less with mure. And yet technological change Is still a static concept 
entirely absent in most models. Fossil energy resources remain static 
p()lenijul.s for technological improvements are ignored, etc. Yet alone 
-Since the energy crises of the 1970s the discoveries of additional fossil 
energy reserves have outpaced their consumption. The resource base 
eontmue.s to increase. Tabic I shows that the known global fossil en- 
orgy resources arc equivalent to about 3,1100 gigatons of carboni The 
carbon content of the atmosphere is in comparison small with about 
/fin gigntons of carbon. If the current concerns regarding prospects of 
global warming nre coiilirmcd in the future, it is probable that most 
of this carbon will remain in the ground. The point here is that Icch- 
iiologiciil imigress and devejopineni are exogenous parameters: as 
■soon as sniiic of these externalities arc endogenized. decarbon- 
i/alion strategies will he economicolly more attractive and less cosily 
than ’ diriicr'’ options. In retrospect, we no longer consider techno­
logies Ihal are hazardous to human health as "cheaper" options, but 
rather as non-options. Therefore, the model needs a "dynamic base" 
rather Ilian the planned sialic concept of deplelabic and degradable 
lestiurccs.

The adoption of a capilnl vintage approach to endogenizing Icch- 
iinlogical change by Edmonds cl al. represents a significant improve­
ment and will undoubtedly produce moil valuable insights, as dem-
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onslralcd by similar models for analysing ucoiioniic slruciural change. 
The capital vintage approach can help to model technological change 
by the introduction of learning and economics-of-scalc cITccis into 
new additions to the capital stock and the resource base. Ncverllie- 
less, the assumption of static resources (even if total potentially re­
coverable resources arc subdivided into rcicrves and undiscovered 
resources) over a period of 100 years is indeed a very restrictive 
constraint Ihal will, no doubt, almost "nulomalically" lead to high 
carbon emissions (since cheap and low carbon options arc exhausted 
and renewables and nuclear limited hy oihei "wiiistrainls"). For in­
stance. only 10 years ago Ihe existence of methane clailirales was 
largely unknown. Will they he included us a ptilenlial fesiiiirve base 
in the model and how is the resource base going to change v/iili the 
availability of new lechAutugies?

During Ihe next century many new energy systems can also lie ex­
pected to be introduced Ihal may help avoid the astronomical levels 
of greenhouse emissions envisaged in many hiisiness-as-u.Mial sce­
narios (e.g.. see IPCC 1990). Kigure 2 illustrates- Ihal even at histor­
ical diffusion rales new energy systems can he expected to reach high 
market shares during the next century. Such systems may include 
completely new technologies such as carbon removal, and deposition 
(e.g. into Ihe deep ocean) but they will moil certainly be also based 
on improvements and refinements of current technologies such as the 
electric or hydrogen car (Nakicenovid 1992; Nakicenovic and John 
1991). But even these more evolutionary options will need enabling 
systems and technologies such as new batteries and fuel cells. The 
diffusion of whole families of new technologies needs to he modelled 
both within the energy system and other sectors of Ihe economy. It i.s 

.not clear how this will be handled in the .second generation model, 
allhough it is clearly crucial for Ihe understanding of the miligalion 
and adoption potential offered by new, less carlion-inicnsive and 
carbon-ficc technologies.

III. Socio-cultural aspects

Socio-cullural determinants of future greenhouse gas emissions are 
also impnrlanl al all scales but bcciime especially dinicoll to model 
when Ihe lime hori-zon is extended to 10(1 years in the future. Is there 
cultural convergence over such long periods, especially if the world 
actually becomes "smaller" through more inleraclion. global com-
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muntcaiion. and mobilily? Al Ihc olhor cxlrcmo, :i divergence could 
be assumed with more helcrogcncily and diversily in the world. In 
fact, this was the historical experience during the last century as 
illustrated in figure 3 for carbon intensity of value added. In contrast, 
many of the development strategics and scenario trajeclorie.s imply 
a common global path, c.g., universal uJopliun of Icchnniogies and 
Iheir transfer despite diverse institutional and regional character­
istics, and irrespective of the actual appropriateness nl these systems 
in a given case. The second generation model can he expected to help 
identify some of the linkages among these issues, but the real prob­
lem occurs with the treatment of these social and cultural deter­
minants. For the time being, socio cultural variables have deiined 
(|uantiricalions in most global models and ul best have been included 
as residual values (c.g., derived from general production funclhin 
approaches). Even if these variables cannot he modelled in the sense 
of formal abstractions fron> causality relations, it will be iinpotlunl 
to make explicit assumptions and scenarios in the model concerning 
tocfo-culiural development. This is a potential advantage of a j>ara- 
melric approach.

As another example, is it really reasonable to assume a general 
equilibrium approach and market-clearing mechanism for amilysiiig 
the long-term future, when market-clearing mechanism imperfections 
and regulatory mechanisms are a prevailing characteristic of the 
world economy rather than an exception? Transfer of "scnsilivc" 
technologies is explicitly blocked, diflusion and adoption of ledi- 
nologies can be bjocked by local cultures or regulations, and so on. 
The examples are so plentiful that it is difTicull to construct a list of 
competitive international markets. There are, of course, many meth­
odological reasons for adopting a generni eqiiililiriuni approach, tnil 
the question is whether too much is assumed away by that upprooch 
in a model that otherwise includes so much detail. In more aggregate 
models this might indeed be a very viable and appropriate sim­
plification but in a complex model such us the one proposed it is not. 
clear how to balance detail in some areas against simplistic assump­
tions in others. In any case, this approach makes the analysis of major 
and revolutionary changes impossible. Adjustment paths to a low- 
emissions future is by design at best gradual and excludes socio­
cultural diversity. All regions are assumed to have market-based 
economics and rational, utility maximizing agents (envisaged for ver­
sion 1.0).
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IV. Provision of energy serviccK

Rationalily of agcnls is in general a very sticky subject when it comes 
lo describing actual energy consumpirnn and end-use behaviours. 
Conservation and cfllciency lag behind wliai appears lo be rational. 
Often cfTicicncy improvements arc offset by increa.sed energy ser­
vices. For example, new cars are on average more efficicnl iliuit the 
old ones in Germany, bul they consume more fuel because they are 
larger, faster, more powerful, comfortable, and safer. IX’inand for 
more comforl at home has also increased due to older ngc structure, 
smaller family sire, and larger dwellings per household, leading again 
to higher energy services. Figure 4 shows that longer life expectancy 
and shorter working time have over the last 100 years reversed the 
share of life spent at work compared to leisure activities from about 
80 per cent to about 20 per cent today. This results in mote travel, 
leisure activities, and time spent at home. All of these phenomena are 
also linked to economic structural changes, productivity increases, iind 
evolving sncio-cullural patterns. The problem arises when changes in 
the end use are observed at Ihe macro-level and explained only liy 
price mechanisms (e.g., elasticities) rather than by changes in human 
behaviour and social patterns. In ihirse ca.ses fallacic.s can occur. l‘or 
example, Ihe price of motor fuel increases l>iil consumers purchase 
cars that consume more fuel even though they may be more cfTicicnl. 
Perhaps many of these considerations are marginal on a 100-year 
time-scale. The salient question for personal mobility in Ihe world is 
rather whether car ownership will diffuse Ihroughoui the world lo (he 
degree it has in the Induslrtalued countries. Today there are over 400 
million cars in Ihe world. Whether this number doubles or increases 
■enfold during Ihe next decades will have a larger effect than any 
model variations in Ihe price elasticity of motor fuels. Another ex­
ample given in figure 5 shows that most of the cars are owned by the 
male population in Germany, while only a few, mostly young, women 
own automobiles. Should Ihe ownership rates converge in the future 
this could almost double Ihe fleet sire.

These examples illustrate that the long-time horizon nlmnsl in­
herently demands an interdisciplinary approach in evaluating green­
house-gas emission mitigation and response strategies. Fcunomic 
mechanisms alone will not do nor will engineering perspectives. The 
complex fabric of many dimensions has to be integrated into more 
holistic approaches for analysing alternative development paths, 
those (hat lead lo high emissions and those that are responsive lo
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Kig. 4 Pnrtioq of dbponblc Itrellmc ipcsf i( walk ind Don*nork of hmilc, male, 
•nd aviiige woriitni popolirton, UK IBS6-19(t. Flguru arc dcrfvad by conpaWog 
life lluurj of work ro total dbpoiabtc, artite non-work koen for adalls. Dlipoaabla 
bnui* art calculated by lublnctlng 10 >aan for childhood and 6iH alcmanlary cdo- 
carton and aho raifulrad <'phyjlologlr.l'- lima, ,.g, fbn* raqulrad foe alcap, eallog, 
and pcnonal hygitnc, ainmcd on arcraga lo amount to fO houra par day. For Ihc 
oraraga wuiklog puputalloa In Iba United Kfngdon^ working houra dacriaaad from 
about 124,000 lo 69WI hoan balwcao IBSC and 1901, wblla at Iba aaaic Una dla- 
poiablc lirellmc houra Incraaied from 292,000 lo 310,000 boirt. Tbuq noD-noiklng 
houra Inncaicd froin about 110,000 lo UlflOO houra orcr a Uredat. Oo avenge 
over 60 par cent of lha dbpoaabla Itfedme of mala adulla war ipaal working la IBSd, 
Ibii paroanlagc baa fallen to leu than 20 par ccol al praiant (Soiirrt; Aajubal and 
Urtiblcr 1990),

climate change. Perha|)s creative scenario writing would even further 
enhance ihc value of models such as Ihe one proposed by Edmonds 
d Sle

The uliimale question is what is Ihe appropriate model scale (e.g., 
number of seclors, equations, variables) that is required lo capture 
some of these characteristics? Il is cleatJy undesirable lo have a high 
degree of complexity in treating problems that are poorly understood 
such as the effect of global warming on international migration pat­
terns. It is belter instead to treat with higher accuracy those things 
Ihol are well known such as the effect of urbanization, mobility, or

Commrnis on t/nipfcr 9

in i|« (ratp

^iiltiTtilftPi

Fig. 3 Ddflogiipbla of car owucntilp to Cenuony (only former FRG IcrHtniy) In 
1989 icvtollng ■Igoldaol lat«r|entratfoa«l aod gender dldtrcnces In cor owrenMp. 
Combined wfib dcmognpblr proJccUoni ccioiito* of hilor* tnr owntnblp nr* de­
veloped »t IIASA bated on ditfeicnl Keoulot of llfeelyre cbangci of luceciilvc co- 
borlt cstoslng diivlog oge. Convenrly Ihe ewnenhip (or non-ownenhlp) pUfetiu of 
older genertdou in luuiocd lo rtnih rcitllvely itiblc, eonilrttnl wtlh btilortcal 
eipcrlenco (Source: BOItner and GrCbler 1991).

geography and ctiroale on energy end-use patterns. It is a disbenefit 
lo know Ihe magnitude of the global warming potential of mulliple 
gases if carbon dioxide effects and emissions are known with great 
accuracy while direct and indirect effects of methane and ils emis­
sions are very uncertain. In this case, il would be better to know Ihe 
Blmosphcrlc coneenrrations of these two gases individually. The sec­
ond generation model can help and improve Ihe analysis of many of 
these issues provided il is "scaled" appropriately lo answer the posed
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quesiions - fo use the words of Edmonds el al., il should be problem- 
uriunled and involve minimum modelling. I hope lhal Ihey will suc­
ceed. The proof of the pudding will come in ealing il - in this case v/e 
wil have (II be palicnl and wail for Ihe first mode) tmplemenlalion 
iind results. In any case. Ihe authors must be complimented on their 
amhilious and courageous undertaking.
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2. Kiril S. Parikh

Al Ihc ouiscl. Id me say ihat Ihis is an exiremely ambitious cfforl. li 
IS even more ambitious than Ihc one upon which we embarked al Ihe 
Inicnnalional Inslilulc for Applied Systems Analysis (IIASA) in 1976
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in iU Food and Agricullure Programme (FAP). We buill whtil we 
called a Basic Linked System (BLS) of Nalional Food and Agricul­
tural Policy Models.' The nalional models are applied general equi­
librium models with a general equilibrium linlcage. The sysicin hits 
some 34 models, 20 referring lo speciiic countries or groups of coun­
tries having a common agricullural policy and 14 models representing 
countries of Ihe rest of Ihe world from differenl regions, grouped ac­
cording to the similarity of Iheir likely behaviour on the inicrnalional 
market. The models distinguish 10 diflercnl commodities al the in- 
ternaliunal level (more domestically), of which nine were agricultural 
commodities and the Icnih was a nun-agriculliital sccltir lo dose the 
system. The parameters of Ihc models were empirically cslinialcd 
from lime-series data. Empirical estimution us opposed lo bench­
marking was considered essential if Ihe mudel system were lo dc- 
sccihe the world with some measuie of cuiindcncc. Il look some 2fl0 
person years of cfforl. The lirst dcmnnsliuliun version of the nuidel 
was ready in 1980. A usable one became avatiubic in 1984.

However, lhal was in 1976. Today, it is 1991 and Ihc progicss ihal 
has been made over these years in computers, algorithms, communi- 

. cation nclwoiks, dais availability, and Ihc experience obtained with 
general equilibrium modelling, should make Ihe proposed effort of 
Edmonds el al. succeed within a reasonable length of lime. Wilhoul 
Ihe Killy Hawk of the Wright brothers, 707s would not have come 
about when Ihey did. With our and similar efforts on building-applied 
general equilibrium-based linked systems, such an ambitious eflorl 
could now be conceived and launched.

My comments on ihe paper are grouped under dilTcrcnt head­
ings. First, I would comment on its approach, then on its scope, limi­
tations, and problem-orienlution. These will be followed by some 
suggestions.

The approach

The approach is a bottom-up approach and the model provides 
enormous details. With any model Ihat you use. the users always de­
mand more details than what is incorporated into Ihe model. I can 
confirm that from my personal experience. The model of India lhal 
we developed as a part of Ihc IIASA Basic Linked System was one of 
Ihe more detailed models of Ihe system. I have been using Ihis model 
for policy analysis and I often find that questions are asked Ihat Ihe 
mociel cannot answer without incorporating more details or greater
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purated into ihia model. *°“fi*'* be incor-

bdnjonds*and Re»ly"(ypt*’p*rovid« a*' ®"‘* ’^'^hcli, or the
fining some strategic I”'
yailahle. One should really try to”bui/d on hem M°‘**''* 
detailed model is indeed needed to ^ » '"ore
mulations. for inlernaljonal afrim 8‘«‘iance for policy for-
negotiations. For these purpwes 'n'crnationalwhogainsandwhopaysund^r alf^rSadve r‘- !** '®"‘ “»
find some problems wdh the model. *"** '

Problcm-orieniailon, acope, and Umiialiorts

on loss in economic erowih anri ' *** emphasis is largely

mod«r Ih,i |„,„ b„|ft '‘ "irntd hewem. It,perspective. Questions of income ili\ .“"'"'^‘‘"'"enl in a broader 
sus global effects of environmTni^ nn^“ ' °j 'o«l ver-
different groups of people and ouciiinn^’ *'““* °"* lifestyles of

•" "" “i"“l •"« no. XrX'Th/S

('iwmn'iih nil I hniilrr '/

For example, the developing countries do not feel responsible for the 
current greenhouse problem. Their emissions of COj are less than 30 
per cent of the total greenhouse gas emissions in the vrorld, even 
though they constitute nearly 80 per cent of the world’s pnpuliilion. 
Many of these countries fucc severe environmental siress in their 
urban ares.s due to air prillution, poor sanitation, congestion in sliiiiix, 
use of dirty fuels-in poorly ventilated kitchens, and crowded sclllc- 
menls. These environmental issues affect the welfare of their pop­
ulations in a much more direct way than the consequences of the 
greenhouse efleel. These countries, therefore, rightly feel that they 
should tackle these local environmental prohlenis before (hey spend 
any resources for global environnieiiliil problems ihiil in any ease 
they themselves have not created. But, to explore such trade-offs, one 
needs to incorporate into the model the details of income distribution 
across differenl groups in rural and urban areas as mentioned earlier.

To do policy analysis with a modeJ means to compare alternative 
situations. Some form of comparison of wcif.-irc in nlicrnalive situa­
tions Is inesenpable. The Edmunds et al. model does not stipulate an 
inlegrable demand system wilhoui which welfare comparisons would 
be extremely difficult to make. A consistent inlegrable dcniuiid sys­
tem is quite essential fox such a model. Here. 1 may also point out 
that to estimate a consistent demand system that remains mean­
ingful over long periods and large changes in income levels is diriicull. 
Recently, 1 had occasion to project food demand fur the year 2030. 
When r used elasticities, or a simple linear expenditure system to 
project these, 1 got absurd results. The calon'e intake implied in these 
projections was sometimes as high as 10,000 Kcal per day. This it 
clearly not a feasible intake level. One needs to find an alternative 
demand system. Here, what we did in the IJASA model is worth 
noting. We had estimated a separate demand function for each com­
modity as a function of income and own price. We had also estimated 
a separate relationship between per capita calorie intake and per 
capita income. This relationship was asymptotic of what one might 
consider the physiological limit, For a given target price vector and 
income level, we estimate an initial vector of demand using each of 
these individual demand functions. Then we find a vector point that is 
close to this vector sod is such that it satisfies the adding up properly 
as well as meets the aggregate calon'e intake constraint. Aiound the 
new vector point we then oonstruci a linear expenditure system. Such 
a procedure was repealed al each lime period in NASA's BLS models. 
The resulting system can be considered as a local approximation ^o
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ill) Hinlurlying iKiliiy runciioi) and can be shown (o he eonsislcnl. Such 
a procedure gave sensible projcclions for 2050. which were also much 
more robust to changes in income levels. While the calorie consiraint 
was a logical constraint to impose when dealing with food demand as 
we were doing in the DLS. it is not adequate for the proposed model, 
which has many other non-agricultural commodities. It may be nec­
essary to impose some other natural consiraint. Perhaps one could 
impose a constraint on the lime required for allernotive consumption 
activities and on the total lime available to consume the various 
commodities. Such a constraint might make the demand system be- 
li.ive sensibly.

It IS important that a model does provide insights into trade-otfs 
belwcen ;iltcrnalive development paths, between consumption pat­
terns. between production structures, and across lime. Even a long- 
term inndcl must address some short-term policy issues and the issues 
of resulting iransilinn costs. If a model does not provide any guidance 
on wliat we do now, (he model is in some sense useless.

Soinu points of detail

'I here are s<ime poiiiU of detail which need to be mentioned. First, it 
« vital to maintain common units for trade of commodities among 
countries. This is a critical problem and requires much care and dala- 
grubbmg work. From the description of the model, I am not sure how 
ihesc problems are to be handled and how units are going to be kept 
consistent across different countries.

Secondly, an observation Is made in the paper that capital slock 
data can be “relatively easy to observe." This is not so. as capital 
Slock data are notoriously diOlcull to obtain. Estimates of total factor 
productivity growth in Indian industries based on the same data 
source by two diCTerent researchers arrive at two completely contrary 
results; one saying that factor productivity in India has grown, the 
other saying that it has not. The difrerenoe can be largely ascribed to 
the way capital slock data are pul together from information on the 
limc-series of investmenl ul curreiii prices by assuming certain rates 
of real depreciation. Unfortunately, the depreciation rates are not 
olwervcd and a seemingly small change in the rale of depreciation 
whether It IS 3 or 4 per cent per year can make a difference as to 
whether total factor produclivily grew or not.

Thirdly, the model seems to assume that guvernmenls do nut own 
laud. However, governments can and do own land and substantial
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amounts of it in many countries. Thus, questions of deforeslalioii mid 
land markets cannot be adequolely deiilt with without bringing in 
government behaviour in the land market. Neither do I see (ishcry 
mentioned anywhere, and consequences for oceans seem to be Icfl 
out of the model, hopefully only for the moment.

Some suggestions
I would like to make a couple of suggestions. It seems to.mc lliul the 
agricultural sector model of IfASA’s BLS would provide a very good 
starling point for this modelling work and the authors might explore 
the possibilily of using this model for the agricultural sector. In addi­
tion. the algorithm development for IIASA’s system has proved over 
the years to be robust and elllcienl even when dealing with policy 
regimes with quotas. They might also explore the possibilily of using 
the algorithm that was developed by Michiel Keyzei' using the 
Kanlarovich lemma.

Finally. I would like to emphasi/e llml in using the niiidel, one 
should keep in mind that no model can address the important ques­
tion of welfare distribution and responsibilities. We have to keep this 
earth functioning and we must think in terms of ii mechanism, a sys­
tem that is lair and feasible. I suggest that we think in leinis of 
using market-friendly approaches towards maintaining the global 
commons at the desired level by giving tradable emission quotas to 
dilferent counliies. Initial allocation of these should be consistent 
with (he carrying capacity of the earth and should he done fairly. 1 
suggest (hat the allocation based on population would be a fair way. 
In order not to encourage people to inaease their populations, we 
may keep (he allocations to the populations of a past year, say 19V0.1 
hope this model would give us insights into alternative ways of pre­
serving (he global commons, of enhancing local environment, and of 
improving the quality of life for all persons on earth. I congratulate 
the modellers on their ambitious project and wish them luck.

Nofes
I. R.h.r.a, K. tVoMKIS, M.A. K.S. l•^Inh. IWH. A Vwl

fo, fnltmtliotial foai Mlty Antlfiir. BoUuii. M^u.: Wuwer Audemve PuMiihcti ind In- 
icmtllanil InUilule tor Applied SyUemi Aoaln'*- . . .

Z Kewtl, M.A. IW3. CompuUlInn o( Hied PolMi hf. Applied ( .mImmIMi
Ihc Kioliiovlih Lffnmo, W.irlln* Paper SOWBJ-tn Aimlcrdum: (coir* t..r W.nld l■«K^ 
Sludici. ^
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3. Yiiangzheni Luo
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Great sindes have been made in environmental protection since
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(he 1960s when (he problem of pollution begun to catch the attention 
of industrialists, policy makers, and the general public. In many 
countries, effective measurru have been taken and laws passed to 
keep Ihe air and the rivers and lakes clean. Today, mure and mure 
attention is focused on the greenhouse elfecl. I am confident that 
with a common understanding of Ihe gravity of Ihe problem and 
through concerted efforts, belter technologies will be developed to 
reduce emissions of greenhouse gases from industrial plants, vehi­
cles, and home appliances and wiser policies adopted to control such 
emissions.

As n developing country, China is cquiilly concerned ulroul the 
greenhouse effect and about environmental protection. In its pursuit 
of a reformist policy and its opening up to the outside world, (3hina 
has, in Ihe past decade or so, mnde notable progress in conirulling 
environmental pollution and preserving the ecological biduiicc. China 
is fully aware of Ihe importance of striking a proper balance between 
achieving economic and social progress and maintaining o sound 
ecological system bciween industrializaliun and environmental pro.- 
lection. We are ready (o leans from other countries whatever is useful 
to us in preserving our environment. However, due in (Inmici.-il and 
technological consiraims, we cannot apply Ihe same sliindards of 
environmental protection that (he developed countries use.

You may be interested to learn about China's energy picture. In 
1990 China's total energy consumption amounted to 980 million tons 
of standard coal. The breakdown is as follows; coal, 75.6 per cent; 
etude oil, 17 per cent; natural gas, 2.1 per cent; and hydropower, 5.3 
per cent.

You can see from these figures that coal plays a predominant role 
in China’s energy consumption. There was a lime in Ihe 1970s and 
early 1980s when Chinese factories switched from coal burning to oil 
burning. But before long, China learnt that it could nut afford to do 
this, since exploiation of oil requires far greater capital input than 
Ihe mining of coal. So we switched hack to coal burning. While we 
continue to rely heavily on coal for energy consumption, wc plan to 
make use of nuclear power and lap China's rich hydroelectric re­
sources on a much larger scale. To this end, a nuclear power station is 
under construction at Da Ya Wan in Southern China and plans are 
under way for the building of more hydropower stations. Although 
economic development remains China's overriding concern, increas­
ing attention it being given to environmental protection. In this 
regard, there is a great deal for China to learo from Ihe advanced
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CALIBRATION OF THE SECOND GENERATION MODEL

Methods and tools used to calibrate specific computable general equilibrium models (CGEMs) 
have been extensively documented in recent years (e.g. Mansur and Whalley (1984), and Ballard 
et al. (1985)). Many embodiments of CGEMs have sufficiently similar properties that relatively 
standard techniques can be employed to implement them. When model design departs 
substantially fiom the norm, existing methods must be extended and new methods developed.

The second generation model (SGM) is a CGEM which was designed specifically to address 
issues associated with global change. As a consequence, the model embodies characters which 
are novel and interesting. A theoretical description of the model is contained in Edmonds et al 
(1993). Because the model must be capable of addressing major issues associated with both the 
emission of radiatively important gases and the potential consequences of atraosphereZ-climate 
change, the model was designed to perform three tasks:

1. Provides estimates of environmentally important emissions associated with human 
activities,

2. Provides estimates of the consequences of global environmental change, with particular 
emphasis on human activities, and

3. Provides estimates of the economic consequences of actions to mitigate and adapt to 
global environmental change.

Further, the nature of the global change problem dictates that the SGM reflect the following 
characteristics:

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

2. Anticipated changes in the greenhouse effect result from the emission of a number of 
gases including: CO2, CH4, CO, N20, NOx, SO2, VOCs, CFCs, and CFC substitutes,

3. Many human activities are involved in both emissions and impacts including: 
Agriculture and Forestry, Energy Production and Consumption, Transportation, 
Manufacture, Services, Coastal Zone Settlement, Health Care, Water Use, and Land Use,

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

5. Emissions and impacts also 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.

As a consequence, the SGM differs from other CGEMs in that it includes:
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1. an energy/agriculture focus;
2. a putty-clay vintaged representation of capital;
3. land as a factor of production;
4. depletable natural resources;
5. competition among technologies; and
6. sector- and subsector-level investment decisions.

This paper provides a complete description of how the SGM was calibrated including the 
methods and tools from existing literature which were applied and the calibration methods which 
were developed to handle the unique features of the SGM. In addition, the important underlying 
assumptions and procedures used to produce a data set consistent with the general theoretic 
principles of the SGM are presented.

L CALIBRATION VS. MACROECONOMIC PRACTICE

An essential step in applying general equilibrium analysis is the construction of a benchmark data 
set for the base year of simulation. Contrary to standard macroeconomic models, which are 
estimated econometrically from time-series data, parameters for most computable general 
equilibrium models (CGEMs) are not estimated with econometric techniques^. From a practical 
standpoint, this can easily be explained by the number of parameters involved. More 
importantly, however, is the absence of input-output time series data with satisfrurtoiy levels of 
disaggregation which makes econometric estimations of some model parameters virtually 
impossible. Although Chipman [1991] demonstrates that the number of observations does not 
have to be greater than the number of parameters to be estimated in a CGEM, the number of 
parameters requiring estimation within the SGM is too large for econometric estimation to be a 
feasible option. This is largely due to the SGM's requirement of 6-digit input-output tables to 
describe the economy in appropriate detail when, as is the case with the U.S., such data 
requirements are only published every S years^. In addition to the problems of data availability, 
parameters estimated econometrically over 5,10, or 20 years can be questionable when used for 
long-term projections^. As a result of these data constraints, the method of calibration, described 
as the process of choosing model parameters to exactly reproduce observations in a given base 
year, is widely used by developers of CGEMs.

As with econometric estimation, calibration also has its limitations. The method of calibration 
not only assumes that benchmark year data reflect an economy in equilibrium, it also assumes 
that the benchmark equilibrium is representative of a "normal" grovi^ path. Input-output tables 
and national accounts are well suited for use in general equilibrium analysis since they reflect an 
economy where supply equals demand (including trade). Budget constraints for the government 
and household sectors, however, arc not explicitly reflected in input-output tables, thus requiring 
some work to reconcile input-output observations with these constraints.

' The Jorgenson/Wilcoxen [1990] model is an exception to this rule.
^ Chipman [1991] shows that to econometrically estimate a linear approximation of a CGEM with 10,000 
parameters, a minimum of 8 years of quarterly observations (25 observations) are required.
’ Reliability, however, can be enhanced with the use of elasticities given by the literature and a 
comprehensive sensitivity analysis.
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n. DATA REQUIREMENTS

The objective of calibration, as previously mentioned, is to choose model parameters so as to 
exactly reproduce data observations in the chosen base year. Essentially, the calibration process 
consists of translating available data into a problem-oriented data set which is used not only to 
reproduce observations in the benchmark years, but also to make long-term projections. A set of 
appropriate input-output tables (e.g., the 6-digit level 1982 benchmark tobies for the US, 
published by the US Department of Commerce), and the national accounts are the basis for the 
calibration of the SGM. Other data sources include: 1) time series data on gross capital stocks 
and discards for each major industry and service, 2) energy data, and 3) input-output tables and 
national accounts for 1985, the actual benchmark year of the model. Key-parameters, such as 
elasticities of substitution in production, and income and price elasticities of final demand 
sectors, were obtained from existing literature.

n.a. Intermediate Production

In order to acquire the model parameters necessary to estimate intermediate prodxiction by SGM 
industry, data are required on the use of fiaujtors by industry, and input-output transactions. The 
"use" and "make" tobies of the input-output accounts published by the Bureau of Economic 
Analysis (Department of Commerce, BEA 1982) provide the necessary data on factor 
requirements, value-added, and final demand to develop most of these model parameters. The 
"use" table provides the value of (1) each industry’s consumption of commodities as factors of 
production, (2) each industry's value-added components (i.e., labor expenditures, indirect 
business taxes, and other value-added components), and (3) final demands for commodities.

Each column in the interindustry portion of the "use" table describes production within a specific 
industry while the row values pertain to the amount consumed of each commodity as input to the 
industry’s production process. Therefore, the "use" table dimensions of commodity-by-industry. 
Because of joint production (i.e., multiple commodities produced in a single industry), output by 
industry is different than output by commodity; hence, row sums do not equal column sums in the 
"use" table. This presents a problem when using these data to calibrate production functions 
within a CGE modeling framework where single commodity production is assumed.

In order to produce an "use" table where row sums equal column sums, the construction of a 
commodity-by-commodity or industry-by-industry "use" table is required. A commodity-by­
commodity table was constructed for the SGM since the units of output pertain to actual 
commodity units and not to a mix of commodities as is the case with an industry-by-industry 
table. This commodity-by-commodity table was constructed by combining data from the "use" 
table with data from the "make" table. The "make" table provides a distribution of commodity 
production across industries. Each row in the "make" table pertains to a single industry and gives 
the amount produced of each commodity within that industry. Thus, the dimensions of the 
"make" table are industry-by-commodity. By normalizing this "make" table and post-multiplying 
it with the "use" table (i.e., "use" table X normalized "make" table), a commodity-by-commodity 
"use" table is obtained.
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Before the "use" and "make" tables can be combined, however, translation of the more 
disaggregate BEA industry categories to SGM categories is required. The BEA publishes two 
types of input-output accounts; the "benchmark" I-O accounts and the armual I-O accounts. The 
benchmark 1-0 accounts are published for economic census years and therefore include more 
detailed date than are available on an annual basis. Annual I-O accounts, although published 
more frequently, include 85 industry categories while the benchmark I-O accounts include 500 
industry categories. Although the base year of the SGM is 1985, date from the 1985 annual I-O 
accounts are not used directly to calibrate the SGM; rather these data are used to project 
observations of the 1982 benchmark I-O accounts to 1985 levels. This is due to the energy sector 
detail required in the SGM which is only available in benchmark years.

Table 1 provides a mapping of BEA's 1982 benchmark I-O industry categories to SGM 
categories. Although most SGM categories are aggregations of BEA categories, a few SGM 
categories are actually portions of more aggregate BEA categories. In particular, the SGM Crude 
Oil Extraction and Natural Gas Extraction categories were created by separating the two from the 
more aggregate BEA category. Crude Oil and Natural Gas Extraction. To separate the two 
industries, it was assumed that (1) all crude oil and natural gas demand from the Oil Refining 
industry is actually only crude oil, and (2) all crude oil and natural gas demand from the Gas 
Transmission and Distribution industry is actually namral gas.

The SGM industry "Uraniiun Mining and Processing" also required some manipulation of the I-O 
accounts date. Through discussions with BEA Staff, values of uranium mining and uranium 
processing were determined and extracted from the more aggregate BEA categories of 
"Nonferrous Metal Ores Mining" and "Industrial Inorganic Chemicals n.e.c".

Table 1

SGM Industry 
Category

BEA
Category

Standard 
Industrial 

Classifr cation

BEA
Classification

Agriculture Agriculture, Forestry 01-09,20 01 - 04,14
and Fishing; Food and

* Kindred Products

Crude Oil Crude Petroleum & 13 08
Extraction Natural Gas*

Natural Gas Crude Petroleum & 13 08
Extraction Natural Gas*

Coal Mining Coal Mining 12 07

Uranium Mining Nonferrous Metal Ores 1094 0602
and Processing Mining, except Copper*
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Industrial Inorganic 
Chemicals n.e.c*

2819 270104

Electricity Private Electric 4911 6801
Generation,
Transmission &

Services (Utilities)

Distribution Federal Electric
Utilities

7802

State & Local
Electric Utilities

7902

Oil Refining Petroleum Refining 2911 310101

Products of Petroleum 
& Coal n.e.c.

2999 310103

Gas Transmission 
& Distribution (utilities)

Private Gas Production 492 6802

Other Products All other industries
' Part of this industry category.

Upon completion of the commodity-by-commodity (CXC) "use" table, values are adjusted to 
198S levels by using data obtained from the 1985 input-output accounts. Industry output and 
intermediate consumption totals in 1985 for each of the SGM commodities are estimated using 
the 19851-O data. Using these totals, CXC table values are then adjusted using the RAS (row 
and column sum) adjustment procedure developed by Michael Bacharach [1971]^. Other 
adjustments to the CXC table include industry-specific data reconciliation; for example, splitting 
crude oil from natural gas and ensuring that uranium is only consumed by the electric generation, 
and defense industries.

n.b. Industry Value Added

Once completed, this CXC table provides the necessary information on the use of produced 
commodities in the production of other commodities which will be used in the computation of 
each industry's production function coefficients. Before these coefficients can be estimated, 
however, information on the use of non-produced factors of production (i.e., land and labor) is 
required. Each industry's land and labor expenditures are included in the value added portion of 
the I-O accounts. For benchmark years (e.g., 1982), the value added portion of the I-O accounts 
included the following components: (1) "compensation of employees" (labor expenditures), (2) 
"indirect business taxes" (e.g., sales taxes, excise taxes, property taxes, import taxes (duties)), (3)

* This procedure adjusts the values within the matrix so that the row and column sums equal the 1985 
estimated totals.
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"other value added" (e.g., profits, land rents). In order to obtain information on land and labor 
expenditures in the form required by the SGM, some adjustments to the data provided in the 1*0 
accounts are necessary.

Land

In the I-O accounts, the real estate industry includes rents for buildings but not for land. Land 
rents paid by each industry is included in the "other value added" component of value added in 
the I-O accounts. A separate land component is imperative for the SGM to study the effects of 
greenhouse gas emissions on land use; particularly for the Agriculture sector. The land 
component for each SGM industry was separated from the "other value added" component by 
estimating each industry's expenditures on land. Land rents by SGM industry were estimated by 
applying an average cost of agricultural land (based on data obtained from the U.S. Department 
of Agriculture) to land use data from the "Statistical Abstract of the U.S." published by the 
Department of Commerce^. These estimates of land rents for each SGM industry are added as a 
separate component to each industry's value added and accounted for by subtracting an equal 
value from the "other value added" component of value added.

Labor

Industry labor expenditures are given in the "use" table of the I-O accounts as a component of 
value added called "compensation of employees". These data are aggregated to SGM industries 
at the same time as intermediate production. The only adjustment to the industry labor 
component is the extraction of labor used for government services from the "Other Products" 
industry sector. Prior to SGM industry aggregation, the industrial production component of the I- 
O accounts includes a "Government Industry" which contains labor as its only input to 
production. (This industry was added to the "Other Products" industry during SGM industry 
aggregation). Since the calibration of the government services' utility function (discussed in 
Section lll.d. below) is conducted separately from industrial production, government labor 
expenditures need to be included wiA other government expenditures in the final demand portion 
of the I-O accounts. Therefore, government services labor expenditures are extracted from the 
"Other Products" sector and added as another component of the government's final demand.

Corporate Retained Earnings

Included in the total amount of savings available for investment is corporate retained earnings; 
the amount of corporate profits retained for investment purposes. The SGM estimates the 
corporate retained earnings rate (the percentage of corporate profits retained) for each sector as 
follows:

RE, = a, (1 -
where

’ An average agricultural land rental price was used on the assumption that (1) agricultural land makes up 
the majority of total usable land area and (2) the differentia] from urban land prices will be reflected in the 
constant term of the production function.
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REi
«i
r
Pi

coiporate retained earnings rate of sector i;
the maximum potential retained earnings rate;
the real market interest rate; and
the retained earnings sensitivity to the real interest
rate.

Although separate retained earnings rates are defined for each sector, an average retained 
earnings rate over all sectors was applied to each. To calibrate equation (1) to the 198S base year 
it is necessary to first calculate an actual retained earnings rate over all sectors for 1985 by 
dividing 1985 total coiporate retained earnings by 1985 total corporate profits obtained from the 
"Economic Report of the President, 1992". Next, the maximum potential retained earnings rate 
was estimated from historical data to be 0.60 (i.e., the percentage of corporate profits retained 
would never expect to be higher than 60%). Last, assuming a real market interest rate of 3%, the 
sensitivity parameter (bi) can be directly calculated from equation (1).

ELc. Capital Inputs

In addition to the factor inputs described in the I-O accounts, data on the underlying capital stock 
used in production are also required to compute each industry's production function coefficients. 
The SGM requires productive capital stock of each industry to be divided into "vintages" 
corresponding to the 5-year period in which the capital was initially purchased. "Vintaged" 
capital stock allows for improvements in production efficiency (e.g., as a result of technological 
change) within an industry. The SGM also assumes capital to be a fixed factor of production and 
to be completely productive until its average lifetime is reached^. The SGM assumes that at any 
period of time, an industry produces using capital stock from the number of vintages equal to the 
average lifetime of capital in that industry divided by 5 (length of a SGM time step (period)). For 
example, in period 1 (which includes the years 1986 to 1990) an industry with an average capital 
lifetime of 20 years would have four vintages of capital stock: (1) capital stock purchased during 
the period 1971-1975, (2) capital stock purchased during the period 1976-1980, (3) capital stock 
purchased during the period 1981-1985, and (4) capital stock purchased in the current period 
1986-1990. Each of these capital stocks would be used to produce output in period 1.

Annual equipment and structures capital stock data were obtained from the "Fixed Reproducible 
Tangible Wealth in the United States" published by the BEA and are consistent with the national 
income and product accounts (NIPA). These data include annual values by BEA industry 
category for gross capital stock, capital inputs, net capital stock, depreciation, and discards. As 
with the I-O tables, these data require conversion from BEA industries to SGM industries.

To calculate capital stock by vintage for each SGM industry, it is necessary to frrst calculate 
annual investment by industry as the difference between the industry's current year's gross capital 
stock and last year's gross capital stock plus the cunent year's discards. Capital stock by vintage 
is calculated by taking the sum of investment over the vintage's corresponding 5-year period and 
subtracting the "vintage" discards which are calculated on the basis of lifetimes of equipment and 
structures, and annual investment numbers'^.

* This differs from typical accounting methods in which capital is depreciated over time.
^ Note: Since the BEA capital stock data includes actual discards which do not always occur at the exact 
end of the capital's lifetime (some capital could have been discarded before or after the capital's average
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As discussed previously, the production function for each industry is the sum of separate CES 
production functions for each vintage. For example, an industry with an average capital lifetime 
of 20 years would have the following production function in Period 0:

where
^0, + + 9.i,» +

Qo,s
qv,s

total production of commodity s in period 0; and 
output of commodity s produced with vintage v capital 
stock (based on a CES production function).

This specification allows for improvements in productivity (e.g., technological change) over time. 
This improvement in productivity is based on the Hicks-neutral technological change rate which 
consists of a percentage rate of change in production efficiency incorporated into the scale factor 
(aO) of each vintage's CES production function. Table 2 presents the average capital lifetimes 
and the historical rate of Hick's-neutral technological change assumption for each SGM sector. 
These rates were calculated based on historical data on the use of factor inputs in production, and 
are applied only to historical vintages in the SGM (i.e., vintages prior to period 0). Future 
productivity growth assumptions were determined separately and are documented in Fisher- 
Vanden,et.al.[1993].

Table 2

SGM Industry
Category

Average Capital 
Lifetime (in years)

Rate of Hick's-neutral 
Technological Change 
(in %)*

Elasticity of 
Substitution in 
Production

Agriculture 20 0 0.4
Crude Oil Extraction 15 1.5 0.5
Natural Gas
Extraction

15 1.5 0.5

Coal Mining 15 2.5 0.5
Uranium Mining and 
Processing

15 1.0 0.5

lifetime), adjustments to title capital stock data are needed to reflect the SGM assumption that discards 
occur at the time the capital's lifetime has been reached. This is done by summing annual investment 
values (the difference between the current year's gross capita] stock and last year's gross capital stock plus 
the current year's aimual discards value given by the BEA) over the S-year vintage period and adding a 
"vintage" discards value which is calculated based on the SGM capital retirement assumption. By 
calculating vintage capital stock this way, the only discards taken into account are those based on the SGM 
assumption; BEA discards are not included. Since capital stock values include equipment and structures, 
"vintage" discards in these benchmark data will only exist in cases where cither an industry's equipment or 
structure lifetime is less that the average lifetime for both equipment and structures. This is done only for 
benchmarking purposes only, and once in the SGM, equipment and structures are combined and retired at 
the average lifetiine of both.
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Electricity 
Generation, 
Transmission, and 
Distribution

35** 1.0

Oil Refining 0.5 0.1
Gas Transmission and 
Distribution

0.5 0.15

Everything Else 0.5
* Applied to vintages prior to period 0.
** Itocept for hydroelectric power plants (65 years).

ILd. Subsectors

In order to fully understand the effects of certain economic activities on potential greenhouse gas 
emissions and to adequately address the consequences of certain policy actions to reduce 
greenhouse gas emissions on these activities, some further disaggregation of SGM industries is 
necessary. In this version of the SGM, the following disaggregation of particular SGM industries 
was done: (1) the Crude Oil Extraction sector was disaggregated into three subsectors each 
representing a different "grade" of crude oil; (2) the Natural Gas Extraction sector was also 
disaggregated into three subsectors each representing a different "grade" of natural gas; and (3) 
the Electricity Generation sector was disaggregated into six subsectors each representing a 
different method of electricity generation (e.g., oil-fired electricity generation).

"Grades" of crude oil and natural gas pertain to different levels of extraction costs®. For 
example, grade 1 of crude oil has the lowest cost of extraction which could represent the process 
of extracting oil close to the earth's surface. Grade 3, on the other hand, would have the highest 
cost of extraction and could represent extraction which requires much more extensive drilling 
procedures. Due to the different method of extraction associated with each "grade", a different 
production function specification is required for each grade. Using assumptions based on the 
cost of extraction for each grade, the I-O accounts and capital stock data for both the Crude Oil 
Extraction sector and Natural Gas Extraction sector are partitioned into different grades. It is 
important to note that although each grade has an associated method of extraction, the output 
produced is assumed to be homogeneous; thus, unlike seaors within the SGM, each grade feces a 
common output price of either crude oil or natural gas. Therefore, the likely outcome of the 
model would be that more of the "cheapest" grade (i.e., the grade with the lowest cost of 
extraction) would be produced relative to other grades.

The Electricity Generation sector was disaggregated into the following six subsectors based on 
the method of generation: (1) oil-fired electricity generation; (2) natural gas-fired electricity 
generation; (3) coal-fired electricity generation; (4) biomass-fired electricity generation; (5) 
nuclear electricity generation; and (6) hydro or solar electricity generation^. Data on annual net 
electricity generation by energy source and associated costs in addition to assumptions on capital 
intensity were used to separate the I-O accounts and capital stock data of the Electricity

* In the SGM, "grades" do not refer to the quality of erode oil extracted, but rather to the cost of extraction.
* Capital purchased in this subsector prior to 1991 is assumed to be used in hydroelectric generation. 
Subsequent purchases of capita] are assumed to be used in solar electricity generation. Different "vintage" 
production Actions are used to reflect this separation.
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Generation sector into these six subsectors. As with Crude Oil and Natural Gas Extraction, these 
data are used to create production functions for each subsector and each subsector faces a 
common price of output (i.e., the price of electricity).

n.e. Elasticities of Substitution in Production

The final items necessary to estimate production fiinction parameters for each sector (or 
subsector) are assumptions on the elasticities of substitution among factors of production. 
Although in most cases elasticities of substitution for each production function were obtained 
from existing literature (e.g., Ballard et al [1985]), some were estimated based on the underlying 
assumptions of the SGM. For instance, since activities at a lower level of aggregation are being 
described within the electricity sector, a lower level of substitutability among factors is implied. 
Therefore, a quasi-Leontif production function (i.e., a CES production function with an elasticity 
of substitution value close to 0) was assumed for the electricity subsectors. Table 2 provides the 
elasticity of substitution values chosen for each sector in the SGM.

m. ESTIMATION OF MODEL PARAMETERS

IILa. Calibration of the CES Production Functions

As previously discussed, each SGM sector and subsector has associated with it a unique 
production function in order to reflect differences in production processes. As shovm in equation 
(2) above, total production in each sector and subsector is the sum of vintage production (i.e., 
output associated with each vintage capital stock). Each vintage production is described by the 
following CES production function:

~ CCKt^ils,y) 6' “ -Vj...0J

where

qv,s = output of commodity s produced with vintage v capital stock;
“0,s,v = scale coefficient in vintage v's production of conmiodity s;
tti,*s * = factor intensity of the ith input in the production of

commodity s;
N-1 = number of variable inputs (N = total number of inputs; 1 refers to the number

of fixed factors (i.e., capital) in Version 0.0);
Xi,s,v = demand for input i in vintage v's production of commodity s;
“N,s “ factor intensity of the capital input (input N) in the production of commodity 

s;
Xjq,s,v = demand for the capita] input (input N) in vintage v's production of 

. commodity s;
p = elasticity of substitution parameter, and
- V5 = oldest vintage capital stock for industry s (equal to the negative of the

average lifetime of capital for industry s divided by the length of a period 
(i.e., 5 years) plus 1)
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As evident from equations (2) and (3), Version 0.0 of the SGM assumes that relative production 
function factor intensities do not differ between vintages. The difference in production between 
vintages is due to the overall efficiency of all inputs; not to the efficiencies (or inefficiencies) of 
individual inputs to production. Therefore, Version 0.0 of the SGM assumes that the factor 
intensity parameters of each vintage production function (within a sector or subsector) differ only 
by a scalar (reflected in the scale parameter (ao,s,v))- This scalar comprises the Hick's-neutral 
technological change parameter; a parameter which reflects the overall production efficiency of 
the vintage. The relative factor intensity parameters, therefore, do not differ between vintages 
within a sector or subsector and the scale parameters of each vintage production differ only by 
the rate of Hick’s-neutral technological change.

As previously discussed, the following seven data items are required to estimate each sector's 
production function coefficients: (1) intermediate production data (based on the I-O accounts) by 
sector and subsector; (2) industry value-added data (also based on the I-O accounts) by sector 
and subsector; (3) final demand sector and subsector data; (4) capital stock data by sector and 
subsector and vintage; (5) assumptions on the lifetimes of each sector’s capital stock; (6) 
assumptions on the rate of Hick’s-neutral technological change; and (7) assumptions on the 
elasticities of substitution in production. Once these data are compiled, a method to compute 
CES production function coefficients is applied. This method was specially developed for the 
SGM in order to handle vintaged capital stock in production. The steps involved in the 
computation of these coefficients are as follows;

1. Except for land and labor, set all 1985 input prices^O equal to 1. Compute the price of land 
and labor as follows 11:

TEland

Toted Land

P labor
TEiato

Total Labor
where

Inland “ expenditures in 1985 (discussed in Section 3.2.2).
TEjabor “ Total labor expenditures in 1985 (based on I-O accounts).
Total Land = Total U.S. managed land in 1985 (in 1000 km^).
Total Labor = Total U.S. employed population in 1985 (in 1000 persons).

2. Compute the output price of a commodity as,

'** Setting an input price to 1 is interpreting the unit good as the quantity of the input which can be 
purchased in 1985 with 1 million 1982 dollars (since the data of the SGM are in millions of 1982 dollars).

Since the price of land is obtained by dividing 1985 total land expenditures (in millions of 1982 dollars) 
by total managed land (in 1000 kin2), the price of land can be interpreted as the millions of 1982 dollars 
required to purchase 1000 km2 of land in 1985. Similar to the interpretation of the price of land, the price 
of labor can be interpreted as the millions of 1982 dollars required to hire 1000 workers armually.
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Po =
TO - IBT

where

Pq = Output price of the commodityl2 (in millions of 1982 dollars).
TO = Tot^ output ofthe commodity (in millions of 1982 dollars).
IBT = Total indirect business taxes paid in 1985 associated with the production of 

the commodity (in millions of 1982 dollars).

3. As discussed above, relative hctor intensities within a sector or subsector do not differ. 
Therefore, factor intensity parameters for the variable inputs can be calculated based on the 
assumption that total output is produced from one vintage (i.e., total production can be described 
by one CES production function rather than a summation of multiple C£S production fimction 
(as in equation (2)). The production function factor intensity parameters for the variable inputs 
are computed using the following equation which is a direct result of the SGM's profit- 
maximizing assiunption:

, XlJ Poj . , ,
«/■> = (~---- ) ------- i = J...N-l

where,
Xi,other P O.oiher

factor intensity of the ith input in the production of commodity j, 
total demand for the ith input in the production of commodity j.

Xi,other = demand for the ith input in the production of the "other products" 
commodity,

Pqj = output price ("price received") of commodity j,
PQ,other ^ output price ("price received") of the "other products" commodity, 
p = elasticity of substitution parameter,
p = p/(p-l),
N-1 = number of variable inputs.

Derivation of Equation (7)

Hotelling's Lemma states that the partial derivative of the profit function with respect to the price 
of the ith input results in the negative profit-maximizing total factor demand fortiiat input; i.e.,

= - Xu

where

= total profit in the production of commodity s; i.e..

'* This price refers to the price received by this sector. The price paid is set to 1 (as mentioned in the input 
price discussion previously) and is the same as the input price for the commodity produced in this sector. 
As implied, the price received by producers of a commodity is less than the price paid by purchasers of the commodity as long as IBT is positive (i.e., taxes paid in a sector is less than subsides received).
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N-l
= Po.,q, - Y^PisXi,,

i=l
where

Po,s output price (price received) of commodity s,
P|,S = price (price paid) of the ith commodity in the production of commodity

s.
X j^s ” demand of the ith input in the production of commodity s,
qs = total output of commodity s,
N = number of inputs to production,
N-1 = number of variable inputs to production (since there is only one fixed factor

(capital)).

Evaluating equation (8) using equation (9) and the "single vintage" CES production function 
defined as,

N-I Up
~ CCop(^^CCi,fXf, + CCff^fX^s)

J-l
(10)

the demand for the ith factor input to the production process can be directly calculated as,

^ LXi, = (ao.sPo^^/ (^/ i = l...N-J 
“ij Z

(H)

where, assuming capital is the only fixed factor,

Y= a.jXfu (12)

s-i

i-I
(13)

Equation (7) is the result of normalizing Xi,s in equation (11) by dividing by the factor input 
demand equation for the "Other Products" sector. Note: the aother,s parameter is assumed to be 
equal to 1 in order to obtain the pJU^eters in relative terms.

4. As discussed in Step 3, the vintage capital structure of the SGM does not affect the calculation 
of factor intensity parameters for variable inputs. This vintage capital structure, as designed in 
Version 0.0 of the SGM, allows for overall efficiency gains in the production process. These 
overall efficiency gains are incorporated into the scale factor for each vintage, defined as,
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‘■e.j.i' (14)
where

®o,s,v = scale factor in vintage v's production of commodity s;
3o,s ” overall scale factor in the production of commodity s (constant between

vintages);
gs = Hick's-neutral techological change rate in the production of commodity s;
V = vintage (e.g., v = -3...0 for a sector or subsector whose capital lifetime equals

20 years).

In addition to the calculation of the scale parameter (ao,s,v), "vintaging" also affects the 
calculation of the capital intensity parameter (aN^s )• As previously discussed, total output in a 
sector or subsector is described as the summation of vintage production (equations (2) and (3) 
above). Capital is entered into the production process as separate vintage capital stock; not as a 
total annualized cost as with the variable inputs to production. Although the capital intensity 
parameter does not differ between vintages (similar to the variable inputs), due to the vintage 
capital structure of the SGM, the capital intensity parameter cannot be calculated similar to the 
variable inputs.

From equation (14), the vintage scale parameter (ao,s,v ) can be determined given the Hick’s- 
neutral technological change rate and the overall scale fkctor (pp j )■ Therefore, upon completion 
of Steps 1 through 3, two parameters still need to be estimated—the overall scale factor (Po^s ) 
and the capital intensity parameter (a>j^s). Due to the vintage structure of the production ’ 
process, these parameters cannot be directly determined; therefore, an iterative process must be 
applied to solve for po,s and oqj^s-

The steps involved in this iterative process are as follows;

(1) Choose an initial value for p^
(2) For each variable factor input, compute as the total expendimre for the ith input 

fector in the production of commodity s (value from the 10 table) divided by the factor 
input price ("price paid") 13.

(3) For each variable frictor input, calculate aj s using equation (7).
(4) Solve for '^sing equation (2) with equation (3); the variables determined in Steps (1) 

through (3); and assumptions on the elasticity of substitution parameter.
(5) Compute the difference between the actual and estimated input demand for the "other 

products" commodity in the production of commodity s. The estimated input demand for 
the "other products" commodity in the production of commodity s is defined as,

V

^others XttOter, (15)

where
M-V,

Mother,s = estimated input demand for the "other products" commodity in the
production of commodity s;

” Except for land and labor, input price (price paid) should be equal to 1 in the benchmark year (as 
previously explained).
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^ther,s,v =

oldest vintage capital stock for industry s (equal to the negative of the 
average lifetime of capital for industry s divided by the length of a period 
(i.e., 5 years) plus 1); and
estimated input demand for the "other products" commodity in vintage 
v's production of commodity s defined as.

(16)

where
Y = ccsjXfi,,., (17)

and

J-i
(18)

(6) If the difference computed in Step (5) is sufficiently close to zero (less than a specified 
convergence criterion), a solution is obtained; otherwise, a search procedure is applied to 
adjust Po,s Steps (1) through (5) are repeated until a solution is reached.

(7) Once a solution has been found, the factor intensity parameters for each sector are 
normalized to sura to 100 in order to compare relative intensities between sectors. In 
addition, estimated production levels and profit rates are verified with actual data from 
the 10 table.

(8) Steps (1) - (7) are repeated for each SGM sector and subsector.

IILb. Computation of Reserves

Upon completion of the CES production function calibration, reserves of depletable resources by 
vintage for the base year (period 0) are calculated based on estimated levels of production in the 
depletable resource sectors. Actual total reserves produced in the base year (1985) is available 
from existing sources, but due to the vintage production structure of the SGM, reserves produced 
by each vintage need to be estimated. The ratio of actual energy extracted to actual levels of 
production was used to obtain estimated energy extracted (reserves) from estimated levels of 
production. The following equation was used to determine vintage reserves of depletable 
resources produced by each vintage in period 0:

PKJDENReservesj,. = + ^ v = 0...-3 (19)

where

Reservesj V ^ reserves (in exajoules) of depletable resource j produced by vintage v; 
Qj,v = output (in $) of depletable resource sector j produced from vintage v;

Vintage 0 reserves pertain to the amount of resources which will be transferred to reserves in period 0.

15
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PRDEN■J

PRD;

lifetime of capital stock in sector j;
total depletable resource extracted of commodity j (exajoules) in 
period 0^5;
actual total production of commodity j (in S - from 10 tables).

nLc. Calibration of the Investment Function

Annual aggregate investment levels in each sector of the SGM is represented by the following 
functional relationship which is essentially an accelerator from the previous period’s total 
investment levels:

I,,, = aoI,.i/haserate,)‘" f (20)

where

It,s = annual level of investment in sector s at time t;
ItH-l,s “ annual level of investment in sector s at time t+1;
baseratet = underlying growth in the economy affecting investment; 
f(exp(7itjs)) = 3 function of the expected profit rate;
ao = scale coefficient; and
^1> ^2 = sensitivity parameters.

In version 0.0 of the SGM, the baserate variable is represented by the growth in potential 
employment (labor supply) and growth in lagged productivity; specifically,

baserate,
(—)

^ PE,/  ̂

E 1.2

(21)

where

PE = potential employment (population ages 15 to 64);
GNP = gross national product;
E = total employment; and
(GNP/E)t-i = gnp per worker (productivity) at time t-1.

In version 0.0 of the SGM, the function of expected profit is defined as the growth in expiected 
profit; specifically,

where

(22a)

exp(7it^s) the expected profit rate in sector sat timet.

These data were obtained from the Annual Energy Review 1985.
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The exp>ected rate of profit can be interpreted as the present value of an average profit rate 
occuring at the middle of each year for the lifetime of the capital investment; specifically.

lifetime,-/

f(cxip(fr,j)) JLt
(1 + r + wJ-^ jrS (7 + r + wJ' (22b)

where

lifetimec

the real interest rate (assumed to be 3% in the baseyear); 
the sector-specific interest rate wedge (representing the additional 
interest rate risk associated with sector s); 
sector-specific lifetime of capital investment; and 
sector-specific profit rate at time t.

Calibration to the base year

Calibrating sector level investment to the base year involves a two step process. First, in order to 
obtain the scale and sensitivity parameters (ao, aj, a2) an aggregate investment function 
(described by equation (20)) was econometrically estimated on the macroeconomy level. Next, 
these scale and sensitivity parameters were used in each sector-specific investment equation 
(equation (20) for each sector) to detennine sector level investment in the base year. Estimated 
sector-specific investment levels in period 0 were reconciled with actual investment levels by 
adjusting the investment wedge parameter for each sector and subsector.

Investment levels at the subsector level arc determined separately from sector-level investment. 
For each sector without subsectors, the investment equation given in equation (20) vvas calibrated 
by using the scale and sensitivity parameters which were estimated on an economy-wide scale 
and adjusting each sector's interest rate wedge until its base year investment level is achieved. 
Sector-specific variables in the investment equation include lagged investment and the expected 
profit rate. The base rate variable and the scale and sensitivity parameters are identical across 
sectors.

In the SGM, investment is determined at the sector level; therefore, investment equations only 
exist for sectors and not subsectors. Within a sector, investment for each subsector is determined 
by allocating sector level investment using the following logit share equation;

Shore ua
(E

(23)

hi=l

where

Sharetjss = Share of total sector investment allocated to subsector iss; 
^^t,iss ~ eitpected profit rate for subsector iss at time t; and 
p = sensitivity parameter.
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In order to calibrate the investment equation for a sector with subsectors, aggregate values for the 
sector-specific variables (i.e., lagged investment and the expected profit rate) within the 
investment equation are required. Lagged investment at the sector level is obtained by 
aggregating subsector lagged investment.

As previously stated, once all other variables and parameters in the sector-level investment 
equation are determined, the sector-specific interest rate wedge was adjusted to reconcile 
estimated investment with actual investment. To accomplish this task for a sector with 
subsectors, calibration of the logit share equation was required. From the investment equation, 
the sector-level expected profit rate was determined dire(^y since all other variables and 

parameters are known. This sector-level expected profit rate is essentially the denominator of the 
logit share equation raised to the sensitivity parameter. Since the share of sector investment for 
each subsector and the sensitivity parameter were known for the baseyear, subsector-specific 
investment rate wedges are calculated directly from the logit share equation.

IILd. Calibration of Final Demands

The SGM comprises three final demand sectors - government, households, and trade. These final 
demand sectors consume commodities produced in the nine producing sectors of the SGM and 
are not producers of any market commodity^ 6. Input-output accounting ensures that the amount 
of commodities produced by the producing sectors is equal to the amount of commodities 
consumed by the producing and final demand sectors. Calibration of the final demand sectors is 
performed to ensure equilibrium by choosing final demand parameters which result in an exact 
replication of the final demand values provided in the baseyear input-output accounts. Details of 
each final demand sector’s calibration process is provided below.

Government Final Demand

Commodities and primary factors of production (e.g., labor, land) are consumed by the 
government final demand in order to provide government services. Within the SGM, three 
government services comprise the government final demand sector - education, national defense, 
and general government which encompasses all other government services. Government 
expenditures must satisy the following identity:

where

TXtot - S, TRgev + (24)

TXtot ^ net tax revenues ^ ^;
Sgov = net government savings or, for negative values, net government 

borrowing;
TRgov = transfer payment by the government;

The government final demand seaor produces "government services" which are provided "free of 
charge" to all sectors of the economy. Therefore, although the govenunent final demand sector produces 
services, it is not a producer of any market commodity as is the case with producing sectors.

Subsidies arc measured as negative taxes.
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Pi = price paid for input i; and
Xi,gov = government demand for input i.

Equation (24) states that government expenditures (right side of the equation) should not exceed 
the government's budget constraint (left side of the equation).

Net tax revenue

Net tax revenue in the SGM comprises tax revenue from the following four sources: indirect 
business tax; corporate income tax; social security tax; and personal income tax. The SGM 
interprets indirect business tax as the difference between price paid (by consumers of a 
commodity) and price received (by the producer of a commodity)^ Indirect business tax 
expenditures for each producing sector is provided by the input-output accounts in industry 
value-added. The SGM calculates indirect business tax revenue by applying an indirect business 
tax rate to the value of production of each commodity. The followbg equation is used to 
calculate the indirect business tax rate for each conunodity

IBTratei

where

IBTtotj
TOi-IBTtoti (25)

IBTratej = indirect business tax rate for commodity i;
IBTtotj = total indirect business tax expenditures in the production of commodity i; 
TO = total output of commodity i.

Combining Equations (6) and (25),

IBTratei - 1 (26)

Corporate income tax is a tax on corporate profits. The SGM applies an average corporate 
income tax rate to all producing sectors. This average corporate income tax rate was determined 
by solving for CITR in the following equation:

Total Corporate Taxes = ^IBTi + YjCITR* Profit.
i-t (=/

(27)

where

IBTj = total indirect business taxes paid by sector i;
CITR = average corporate income tax rate;
Profitj = total profits of sector i ("other value added" in the I/O accounts); and 
N = number of producing sectors.

'* For all practical purposes, indirect business tax can be interpreted as a sales tax.



FEB 12 '98 05:30flM BfiTTELLE ESD P.22/30

Total corporate tax expenditures in 1985 was obtained from the "Economic Report of the 
President - 1990" and, as previously mentioned, total indirect business tax expenditures and 
profits for each producing sector was estimated from the 1985 input-output accounts. With 
knowledge of these data, an average corporate income tax rate can be determined directly from 
equation (27).

Social security tax is a tax on labor of which half is paid by employers as a tax on labor 
expenditures while the other half is paid by employees as a tax on earnings. For employers, the 
social security tax rate was determined using the following equation:

SSTR
TLE

mploytr (TLE-TSS/2) - 1 (28)

where

SSTRemployer = social security tax rate for employers (applied to each employer’s 
labor expenditure);

TLE = totallabor expenditures across all sectors; and
TSS = total social security tax expenditures across all sectors.

The social security tax rate for both employers and employees was assumed to be equal; 
therefore, the social security tax rate computed in equation (28) was assumed to be ±e social 
security tax rate charged to employees also.

Lastly, the personal income tax is a tax on income earned by consumers. This income includes: 
(1) labor income after taxes, (2) income from land rents (all land is assumed to be owned by 
consumers), and (3) corporate profits net of taxes and retained earnings (corporations are 
assumed to be owned by consumers (i.e., shareholders)). Both total personal income tax paid by 
consumers and total personal income for 1985 were obtained from the "Economic Report of the 
President - 1990" allowing an average personal income tax rate to be determined.

Government transfer payments

It was determined that a significant linear relationship exists between total government transfer 
payments and population. Therefore, a linear regression was conducted on the following 
equation using total population and total government transfers time series;

where
Total government transfers = GO* Population + G1 

GO, G1 = appropriate empirically determined coefficients.

(29)

Government demand for goods and services

The demand for goods and services by the government sector is modeled in the SGM as a 
constrained optimization problem. Instead of maximizing profit subjea to a budget constraint (as 
is the case with the producing sectors), the objective of the government is to maximize utility
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subject to the government's budget constraint defined in equation (24). The following CES utility 
function defined over the three government services is used:

ms (I/m)
GU = (30)

st=l
where

GU = government utility, an unobservable variable;
Gjs = the production of government service ss;
5ss = distribution parameter for service ss;
1-1 = elasticity parameter (equal to -0.5); and
NGS = number of government services (equal to 3 in SGM Version 0.0).

As discussed in Edmonds, et. al. [1991], the goal of the government sector is to maximize utility 
(Equation (30)) subject to its budget constraint (Equation (24)). The utility-maximizing 
production of government service ss is described as:

ms
>11=1

where

(31)

3ss
Y

5ss(-l/(m-D); 
H/(p-l); and

(32)

where

Pg,ss ^ ill® cost of the next unit of government service ss;
Pi = the price of input i in the production process; and
®i,g,ss 111® amount of input i required to produce government service ss.

The government utility function was calibrated to the base year as follows. First, the 
parameters are defmed as the ratio of the quantity of input i used in the production of service ss. 
Therefore, these parameters can be calculated using the input-output account values of each input 
in the production of government service ss, and the assumed base year prices of these inputs; i.e..

r—;
mŝlOj^

H

(33)
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where

■'J.g.ss

Pi
NIN

value of input i used in the production of government service ss (from 
the input-output accounts); 
price of input i ("price paid"); and 
number of inputs.

These aj^g^ss ^re then used in equation (32) to obtain the value of Pg^ss ®2ich government
service ss. Once the values of Pg^ss determined, the Sgg parameters in equation (31) can be 
estimated using an interative process. This process involves minimizing the sum of squared 
differences between the actual and estimated production of each government service (Gxx) by 
choosing values for the parameters 655 (substituting for Pss in equation (31)).

Note: As discussed in Section ll.b. above, since the final demand sectors of the I/O table do not 
include "value added", labor expenditures of the government final demand sectors are found in 
the row component titled "Government Industry" of the I/O tables. This industry would be 
included in the SGM "Other Products" sector; Aerefore, the 1985 "Government Industry" values 
was separated from government's consumption of the "Other Products" commodity and 
considered labor expenditures for each of the government final demand sectors.

Similar to the process used to estimate land e.vpenditures for each SGM industry (discussed in 
Section Il.b.), government land expenditures were estimated by applying an average cost of 
agricultural land to the amount of land used for defense and education obtained from the 
"Statistical Abstract of the U.S., 1992" published by the Department of Commerce. These land 
expenditures were then subtracted from government's consumption of the "Other Products" 
commodity in order to guarantee data consistency.

Net govenunent savings

If positive, net government savings is subtracted from total net tax revenues to obtain the 
government's budget constraint. In the year 1985, the government (federal, state and local 
together) ran a budget deficit (implying net government borrowing); therefore, this value would 
be added to total net tax revenues to obtain the government's budget constraint. Net government 
savings is calculated for the 1985 base year by subtracting 1985 total government expenditures 
from total net tax revenue (discussed above). To fund this government deficit, total savings 
(mcluding personal savings and corporate retained earnings) less total investment was used. 
Since this amount is not adequate to cover the total government deficit in 1985, the excess was 
assumed to be funded through a foreign supply of capital. Since this version of the SGM is a 
closed economy (except for crude oil), the amount of foreign capital supplied was specified 
exogenously in the SGM's trade component as an import of capital in the base year and is 
constant through future periods. Since the SGM assumes market equilibrium, no government 
deficit will exist in future years; but in order to calibrate the SGM to the base year, this 
exogenous supply of foreign capital is necessary.

Household Final Demand

The SGM assumes that a portion of the households' budget (personal income) is allocated to 
personal savings while the remainder is used to purchase produced commodities and primary
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factors of production. Disposable personal income consists of income from wages less taxes on 
labor; land rents (consumers are assumed to own all usable land) less taxes on land; corporate 
profits less profits tax and retained earnings; and government transfer payments.

Labor Supply

Household labor supply is estimated in the SGM using the following equation:

(34)

where

WAP = total working age population (ages 15 to 64);
aiabor = the maximum potential share of working age population employed in any

given year,
Plabor a labor supply price responsiveness coefficient; and
Plabor ” “ average aimual wage rate ($M per 1000 persons).

The following steps were tziken to calibrate equation (34) to the base year: (1) the total working 
age population in 1985 was obtained from the "Statistical Abstract of the U.S.’*; (2) an average 
annual wage rate was calculated by dividing total labor expenditures (less amount paid in social 
security tax) in 1985 by total employment in 1985 (in thousands of persons); (3) the maximum 
potential share of working age population employed in any year wss estimated to be 0.90 (or 90% 
of working age population) which assumes that in any given year 10 percent of the working age 
population cannot be employed; and (4) the labor supply price responsiveness coefficient was 
directly calculated from equation (34) given the information in (1) through (3).

Land Supply

Land supply is estimated in the SGM using the following equation:

(35)

where

TLA
aland
Pland
Pland

total surface area potentially available for allocation;
the maximum potential share of land supplied to the market;
a land supply price responsiveness coefficient; and
an average annual rental rate on a unit of land (SM per 1000 km^).

The following steps were taken to calibrate equation (35) to the base year: (1) total usable 
surface area (which excludes unusable land such as deserts, marshes, rock, etc) was obtained 
from the "Statistical Abstract of the U.S." (equal to 8313 km2); (2) an average annual land rental 
rate was calculated by dividing total land expenditures in 1985 by total usable land area (in 
thousands of km2); (3) the maximum potential share of land supplied to the market was estimated 
to be 1 (or 100% of TLA) since TLA represents total usable land area; and (4) the land supply
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price responsiveness coefficient was directly calculated from equation (35) given the information 
in (1) through (3).

Household Savings Supply

The following equation is used in the SGM to estimate the supply of household savings:

(36)

where

’ Y = disposable personal income;
cihhsave = the maximum potential savings rate;
Shhsave “ ^ scale parameter;
Phhsave = the price sensitivity of households to the available interest rate; and 
r = the real market interest rate.

Equation (36) was calibrated by first assuming that the maximum potential savings rate for the 
U.S. is equal to 0.20 (i.e., 20% of total disposable personal income) and the real market interest 
rate is equal to 0.03 (i.e., 3%). With these assumptions and knowledge of the 1985 values for 
disposable personal income and total personal savings, equation (36) can be written in terms of 
^hhsave and Phhsave-

Y*au,M>*c (37)

In addition, the interest elasticity of savings was assumed to be equal to 0.40. The equation for 
the interest elastiticity of savings is defmed as:

(
Sr Su (l-Sk^e’-r-'') = 0.40 (38)

Combining equations (37) and (38), values for dhhsave and bhhsave can be determined. 

Household Demand for Final Products

Household demand for the primary factors land and labor are computed separately from demands 
for other goods and services. Household demand for land is defined as:

where
XlamtM NHH CCiaitdM Ptaut (39)

ttland,hh = the household land intensity factor;
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Pland
NHH

the price of land; and
the number of households (in 1000s) which is defined as,

NHH =
TOTPOP

(40)

where

TOTPOP = total population (in 1000s); and
3hh ~ the average number of people per household.

Equation (40) was calibrated to the base year (198S) by solving for Phh using 1985 actual values 
for NHH and TOTPOP. Similarly, equation (39) was calibrated to the base year by solving for 
upland,hh using estimated 1985 household demand for land (discussed in Section n.b.); 1985 
price of land (discussed in Section IILa.); and the estimated 1985 value for NHH from equation 
(40).

Similar to the process used to estimate land expenditures for each SGM industry (discussed in 
Section ll.b.), household land expenditures were estimated by applying an average cost of 
agricultural land to a portion (assumed to be 75%) of urban and transportation land obtained from 
the "Statistical Abstract of the U.S., 1992" published by the Department of Commerce. These 
land expenditures were then subtracted from household's consumption of the "Other Products" 
commodity in order to guarantee data consistency.

Household demand for labor is defined as:

■^labtrjih XhAor Olahcrjih Plater (41)
where

®labor,hh ~ the household labor intensity factor,
Plabor = the price of labor, and 
^labor = total labor supply (in 1000s).

Equation (41) was calibrated to the base year by solving for a|abor,hh rising estimated 1985 
household demand for labor, 1985 price of labor (discussed in Section Ill.a.); and the estimated 
1985 total labor supply from equation (34).

Since the final demand sectors of the I/O table do not include "value added", labor expenditures 
of the household final demand sector is found in the row component titled "Household Industry" 
of the I/O tables. This industry would be included in the SGM Everything Else sector; therefore, 
the 1985 "Household Industry" value was separated from household's consumption of the 
Everything Else commodity and considered labor expenditures for the household final demand 
sector.

Household demand for other goods and services are estimated as follows:
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Xdij,„ = OiM Pf'*‘ (j) (42)

^ ~ Shh ~ X UmJ,hh Pland ~ XlahcrM Plabor (43)

where

^^i,hh ~ household demand for good i;
®i,hh = household demand intensity factor for good i;
Pi,hh = the household price elasticity of demand for good i;
Yc = total value of consumption which is defined as,
7i,hh = the household income elasticity of demand for good i; and

1=1
(44)

Table 3 contains the household price and income elasticities used in the SGM which were 
obtained from e.xisting literature.

Table 3

Price Elasticity Income Elasticity
Agriculture -0.28 0.30
Everything Else -1.00 I.IO
Crude Oil N/A N/A
Natural Gas N/A N/A
Coal -0.82 0.89
Biomass N/A N/A
Uranium N/A N/A
Electricity -0.82 0.89
Refined Oil -0.82 0.89
GasT&D -0.82 0.89

Except for values of aj^hh. 1985 values of all the variables in equation (41) were determined as 
follows: (1) 1985 household demand for each good was obtained from the input-output accounts; 
(2) as previously discussed, all prices (except land and labor) were assumed to be 1 in the base 
year; (3) Since the 1985 values all of the components of equation (43) are either known or have 
been previously calculated, the total value of consumption (Yc) can be determined. With these 
values detennined, the values of ai^hh he calculated from equation (42).
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Trade

As previously discussed, Version 0.0 of the SGM assumes a closed economy (i.e. zero trade) for 
all goods except crude oil. For calibration purposes, it is necessary to exogenously add 1985 net 
exports to demand and supply in order to replicate the 1985 base year values. Net exports for all 
tradeable commodities^^ (except Crude Oil and Other Products) are held constant at 1985 values 
for each period in the model. Net exports in the Crude Oil sector are set at 1985 values from the 
I/O tables for the base year, but are allowed to change in future periods; making up for the 
difference in domestic excess demand for crude oil. The SGM assumes balanced trade and 
implements this constraint by making up for any trade imbalances in the Other Products sector; 
therefore, a trade deficit would be set to zero by an equal amount in export demand for the Other 
Products commodity.

'* In the SGM, '‘tradeable" commodities refer to those commodities which could be traded and in Version 
0.0 include all commodities except electricity, land, and labor.
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Model Description: CETM

Background. The Carbon Emissions Trade Model (CETM), developed by Charles River 
Associates, is a composite model formed of a macroeconomic general equilibrium model of 
international trade (called MACRO) and an engineering (partial equilibrium) model of the energy 
sector (called ETA). Prices and quantitites and demand functions are passed between MACRO and 
ETA and iterating until input reference quantities from ETA are identical (within a specified error 
tolerance) to the solution quantities in MACRO. ETA is a modified version of the energy supply 
submodel from Manne and Richels’ MERGE model.

Basics. The regions and time periods for the ETA and MACRO models are identical; the 
commodities, however, are different. CETM has 9 geopolitical regions: the United States, Japan, 
CANZ (Canada, Australia, and New Zealand), O-OECD (the other OECD nations), China, India, 
Eastern Europe and the Former Soviet, MOPEC (Mexico and OPEC), and the ROW. MACRO has 
an exogenous benchmark year of 1992 and ETA has a 1990 base year, but both solve in 10-year time 
periods from 2000 to 2100.

Dynamics. MACRO has 5 internationally traded commodities, 4 energy-intensive and 1 non­
energy-intensive: non-ferrous metals, pulp and paper, transport industries, other energy intensive 
sectors, and other manufacturers and services (the aggregate non-energy-intensive sector). Electric 
energy is produced from the following technologies: hydro-electricity, natural gas, oil, coal, 
advanced high cost, and advanced low cost. Non-electric energy can be produced via a carbon free 
backstop, renewables, synthetic fuels (i.e., tar sands), oil, gas, and coal. ETA is a partial equilibrium 
of the energy sector, where demand for energy is a constant elasticity of demand function calibrated 
to MACRO. ETA has 4 internationally traded commodities: oil, gas, coal, and carbon rights; 
however, trade is subject to fixed marginal trade costs and upper bounds on permissable imports and 
exports.

Fine print. Business as usual GDP growth rates are taken from MERGE. ETA incorporates 3 
constraints: 1) there are exhaustion constraints for natural gas and oil, 2) new technologies (advanced 
high cost and advanced low cost, synthetic fuels, renewables, and the non-electric backstop) are 
subject to expansion limits, and 3) there are decline limits on both new and existing technologies. 
The decline limits are expressed as exponential decay where a certain percentage of the existing 
stock can be retired each year. CETM assumes an AEEI of about 0.9% per year for the OECD and 
about 1% per year for the non-OECD countries. Trade is represented with an Armington elasticity 
of 2 for the aggregate good and 4 for all other goods: Imports are imperfect substitutes for 
domestically producted goods. As for fossil fuels, all regions are assumed to produce the same 
product. The cross elasticity of substitution between energy and non-energy inputs to production is 
0.5. Materials inputs are complements; all other inputs are substitutes. All prices are in 1992 
constant dollars.



Model Description: MRT

Background. The general equilibrium, multi-regional trade (MRT) model was developed by 
Charles River Associates to estimate the changes in international terms of trade which could result 
from carbon dioxide restrictions placed on a subset of countries. MRT is one of 2 compatible but 
separate models that compose the International Impact Assessment Model (HAM). The companion 
model to MRT is a general purpose, partial equilibrium, open economy model that is used to study 
the implications of changes in international prices (provided by MRT) for any individual country. 
There is a one-way link between the MRT and the single country open economy (SOE) models.

Basics. MRT has 5 geopolitical regions: the OECD (OECD), Non-OECD Asia (ASIA), Eastern 
Europe and the Former Soviet Union or Centrally Planned Emerging Economies (CPEE), Middle 
East and North Africa (MIDE), and the ROW (ROW). The model solves for the benchmark year 
1992, and then solves in 5 year intervals spanning the horizon from 2000 to 2030. The year 2000 
is the first endogenous year. MRT is a Ramsey growth model with fully dynamic, forward looking 
investment behavior. It also allows for international trade in all goods and capital flows. Savings 
and investment behavior determines the level of capital flows.

Dynamics. There are 6 commodities: four fuels (oil, coal, natural gas, and a carbon-free backstop 
energy source), a savings good, and a non-energy macro-good (aggregate macro output). Regions 
trade crude oil, natural gas, and coal freely at a price determined by the interfuel supply and demand 
conditions. Therefore, all fuels are traded internationally under each fuel’s world price. Depletion 
is assumed to lead to rising fossil fuel prices under constant demand. But the relation between 
depletion effects on the supply of oil, gas, and coal, and the actual supply of these fuels are ignored. 
That is, the model does not keep a record of the current stock of each ftiel in the time period. World 
supply and demand determine the world price of fossil fuels. Current energy taxes and subsidies are 
included in each country’s energy prices. The carbon-free backstop establishes an upper bound on 
the world fossil fuel prices. This backstop fuel is a perfect substitute for the 3 fossil fuels and is 
available in infinite supply at one price, which is calculated to be a multiple (factor of 6) of the 
countries’ fossil fuel price in the benchmark year (1992).

Fine print. The base year is 1992, and all prices are in 1992 constant dollars. MRT assumes an 
AEEI of 0.7. The baseline level world emissions growth path is taken to be the IPCC’s reference 
scenario IS92A, which projects worldwide C02 emissions to growth from 6.0 billion metric tonnes 
in 1990 to 10.7 billion by 2025. Benchmark data for energy prices and quantitites are from the lEA. 
All non-energy data is from the 1995 GTAP database at Purdue University. Trade is represented 
with an Armington elasticity of 1.5 for all goods: Imports are imperfect substitutes for domestically 
producted goods. As for fossil fuels, all regions are assumed to produce the same product. The oil 
price supply elasticity is 8. The end-use demand elasticity (a.k.a. the elasticity of substitution 
between energy and other factors of production) is assumed to double over the model’s 30 year time 
horizon; OECD countries start with a value of 0.25, non-OECD countries begin at 0.2. The interfuel 
elasticity is 1; however, the backstop fuel costs 6 times the 1992 fossil fuel energy aggregate. MRT 
currently only handles C02, but Charles River Associates is considering adding the other gases at 
a later date. MRT does not address sinks or the clean development mechanism/JI. Concerning “hot 
air” or “paper tons” in Russia and Eastern Europe, MRT uses forecast emissions from DOE.



m POLICY FORUM

Uncertainties in Projections of 

Human-Caused Ciimate Warming
J. D. Mahiman

Mankind’s activities have increased carbon 
dioxide (CO2) in the atmosphere. This in­
crease has the potential to warm the earth’s 
climate by the “greenhouse effect" (1) in 
which CX32 absorbs infrared radiation and 
then re-radiates it back toward the surface of 
the planet. Other gases also act as green­
house gases and may warm the climate even 
further (2), although human-produced air­
borne sulfate particles can cause cooling that 
offsets some of the warming (3). Computa­
tional models that include these factors pre­
dict that the climate will warm significantly , 
over the next century.

These forecasts of likely climate changes 
have forced a realization that it is necessary 
to reduce human-caused emissions of green­
house gases. But because of the potential so­
cial disruptions and high economic costs of 
such reductions, vigorous debate has arisen 
about the size and nature of the projected 
climate changes and whether they will actu­
ally lead to serious impacts.

A key element of these spirited—and of­
ten acrimonious—debates is the credibility 
(or lack thereoO of the mathematically and 
physically based climate models (4) that are 
used to project the climate changes resulting 
from a sustained buildup of atmospheric 
CO2. Some skeptics ask, to put it bluntly, 
why should we believe such models’ attempts 
to describe changes in such a dauntingly 
complex system as .Earth’s climate? The 
cheap answer is that there are no credible 
alternatives. But the real answer is that the 
climate models do a reasonably good job of 
capturing the essence of the large-scale as­
pects of the current climate and its consider­
able natural variability on time scales rang­
ing from 1 day to decades (4). In spite of these 
considerable successes, the models contain 
weaknesses that add important uncertainty 
to the very best model projections of human- 
induced climate changes.

1 express here a “policy-independent” 
evaluation of the levels of current scientific 
confidence in predictions emanating from 
climate models. This climate model uncer­
tainty is distinct from the high social uncer­
tainty associated with future scenarios of 
greenhouse gas and airborne particle con-

The author is at the Geophysical Fluid Dynamics Labo­
ratory, National Oceanic and Atmospheric Administra­
tion, Princeton University, Princeton, NJ 08542, USA. 
E-mail: im@gfdl.gov .

centrations. 1 assume that detailed future 
greenhouse and airborne particle scenarios 
are part of the policy question and thus do 
not discuss them further.

A fair-minded and exhaustive attempt to 
find a broad consensus on what science can 
say about this problem is contained in the 
most recent 1996 IPCC Working Group 1 
Assessment (3). Some of my evaluations 
differ in detail from those of IPCC 1996, 
mostly because of the addition of new re­
search insights and information since 1994. 
A good guideline for evaluating contrary 
“expert” opinions is whether they use the 
IPCC science as a point of departure for their 
own analysis. In effect, if we disagree scien­
tifically with IPCC, we should explain why. 
Without such discipline, contrary arguments 
are not likely to be scientifically sound.

Virtually Certain “Facts"
These key aspects of our knowledge of the 
climate system do not depend directly on the 
skill of climate model simulations and pro­
jections;
■ Atmospheric abundances of greenhouse 
gases are increasing because of human activi­
ties.
■ Greenhouse gases absorb and re-radiate 
infrared radiation efficiently. This property 
acts directly to heat the planet.
■ Altered amounts of greenhouse gases af­
fect the climate for many centuries. The 
major greenhouse gases remain in the atmo­
sphere for periods ranging from a decade to 
centuries. Also, the climate itself has con­
siderable inertia, mainly because of the high 
heat capacity of the world ocean.
■ Changes in other radiatively active sub­
stances offset somewhat the warming effect 
of increased greenhouse gases. Observed de­
creases in lower stratospheric ozone and in­
creases in sulfate particles both produce cool­
ing effects. The cooling effect of sulfate par­
ticles remains insufficiently quantified.
■ Human-caused CO2 increases and ozone 
decreases in the stratosphere have already 
produced more than a 1°C global average 
cooling there. This stratospheric cooling is 
generally consistent with model predictions.
■ Over the past century. Earth’s surface 
has warmed by about 0.5°C (±0.2°C).
■ The natural variability of climate adds 
confusion to the effort to diagnose human- 
induced climate changes. Apparent long-

term trends can be artificially amplified or 
damped by the contaminating effects o£ un­
diagnosed natural variations.
■ Significant reduction of key uncertain­
ties will require a decade or more. The uncer­
tainties concerning the responses of clouds, 
water vapor, ice, ocean currents, and specific 
regions to increased greenhouse gases re­
main formidable.

1 further illustrate these climate uncer­
tainties using two extrapolations of the 
IPCC idealized scenarios of increases of 1% 
equivalent atmospheric CO2 concentration 
per year (5). The first case levels off at a CO2 
doubling after 70 years; the second levels off 
at a CO2 quadrupling after 140 years. Both 
correspond to simple extrapolations of cur­
rent trends in greenhouse gas emissions. 
Considering the long residence time of 
CO2 at such large concentrations, these 
leveled-off scenarios are physically plau­
sible but are presented as illustrations, not 
as social predictions,

Virtually Certain Projections
These projections have a greater than 99 out 
of 100 chance of being true within the pre­
dicted range (6):
■ The stratosphere will continue to cool 
significantly as CO2 increases. If ozone con­
tinues to decrease, tbe cooling will be magni­
fied. There is no known mechanism to pre­
vent the global mean cooling of the strato­
sphere under these scenarios.
■ Global mean amounts of water vapor 
will increase in the.lower troposphere (0 to 
3 km) in approximately exponential pro­
portion (roughly 6% per 1“C of warming) 
to the global mean temperature change. 
The typical relative humidities would 
probably change substantially less, in per­
centage terms, than would water vapor 
concentrations.

Very Probable Projections
These projections have a greater than 9 out 
of 10 chance of being true within the pre­
dicted range;
■ The global warming observed over the 
past century is generally consistent with a 
posteriori model projections of expected 
greenhouse warming, if a reasonable sulfate 
particle offset is included. It is difficult, but 
not impossible, to construct conceivable al­
ternate hypotheses to explain this observed 
warming. Using variations in solar output or 
in natural climate to explain the observed 
warming can be appealing, but both have 
serious logical inconsistencies.
■ A doubling of atmospheric CO2 over 
preindustrial levels is projected to lead to an 
equilibrium global warming in the range of 
1.5° to 4.5°C. Tlrese generous uncertainty 
brackets reflect remaining limitations in 
modeling the radiatjve feedbacks of clouds.
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B Sea level rise could be substantial. The Implications
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slowly but inexorably, for a long time into, 
the future. The severity of the impacts can 
be modest or large, depending on how some 
of the remaining key uncertainties are re­
solved through the eventual changes in the 
real climate system, and on our success in 
reducing emissions of long-lived green­
house gases.

r vapor| 
-re(0tc 
'ial pro- 
irming)^ 
change.| 

would ^ 
in perrj 

I vapor

■ melting of landlocked ice carries the poten- 
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: less certainty.
,, ■ As the climate warms, the rate of evapo­

ration must increase, leading to an increase 
j. in global mean precipitation of about 2 ± 

•'?;0.5% per 1°C of global warming.
By 2050 or so, the higher latitudes of the

11^ Oiv. JUi.fl.There are assertions that the number of 
tropical storms, hurricanes, and typhoons 
per year will increase. That is possible, but 
there appears to be no credible evidence to 
substantiate such assertions.

Assertions that winds in midlatitude 
(versus tropical) cyclones will become more 
intense do not appear to have credible scien-
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increase significantly in higher northern lati­
tudes. This effect mainly occurs because of 
the higher moisture content of the warmer 
air as it moves poleward, cools, and releases 
its moisture.

Probable Projections

There is a large demand for specific cli­
mate change predictions at the regional and 
local scales where life and life support sys­
tems are actually affected. Unfortunately, 
our confidence in predictions on these 
smaller scales will likely remain relatively 
low. Much greater fidelity of calculated local

rroDaoie rrojemuns ,,jn. --------------------The following have a greater than two out of climate impacts will require large improve- 
three chance of being true: ments in computational power and in the
■ Model studies project eventual marked physical and biological, sophistication of the 
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viii wvyi ii-i*mains somewhat sensitive to the details of 
predicted spring and summer precipitation, 
as well as to model assumptions about land 
surface processes and the offsetting effects of 

_ airborne sulfate particles in those regions.

and local levels. Major sustained efforts will 
be required to reduce these uncertainties 
substantially.

Characterizations of the state of the sci- 
of greenhouse warming are oftentome suiiate particles in loose regions. ence o, g,.,..i.i.ouc.v. ..0.......^ «... w.~..

_ Climate models imply that the circum- warped in differing ways by people or groups 
Antarctic ocean region is substantially resis- with widely varying sociopolitical agendas 
tant to warming, and thus little change in and biases. This is unfortunate because such
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Cured set of donors. Once the DNA has been 
sampled, however, all personal and racial data 
will have to be removed to protect privacy— 
diminishing the scientific value of the project, 
but bolstering its ethical foundation.

Where those samples would come from— 
and how to ensure that donors have given ap­
propriate consent and that their privacy is safe­
guarded—prompted the most intense debates. 
NHGRI staffers had set their hopes on getting 
a set of ready-made cell lines containing DNA 
from a broad sample of the U.S. population, 
created by the National Center for Health 
Statistics (NCHS). From 1989 to 1994, that 
agency’s National Health and Nutritiori Ex­
amination Survey (NHANES) collected blood 
from more than 17,000 representative indi­
viduals around the country to obtain a snapshot 
of the health of the U.S. population. Karen 
Steinberg of the Centers for Disease Control 
and Prevention later converted more than 
8000 of these samples into immortalized cell 
lines. But Chakravarti warned that "it is not a 
done deal” that genome researchers would be 
allowed use this material. The reason; Be­
cause DNA studies had not been foreseen, 
NHANES staff did not ask the donors for per­

mission to put their DNA in a database.
Managers of the NHANES data asked their 

human subject research panel for guidance on 
this issue more than a year ago. In Septem­
ber, the panel said it would be acceptable to 
run some health studies on the cell lines, but 
only if the samples were made completely 
anonymous by stripping them of all identifi­
ers (Science, 21 November, p. 1389). Edward 
Sondik, director of the NCHS, has interpreted 
this niling to mean that DNA data from these 
samples cannot be put in a database—even 
with anonymous identifiers—without con­
sent, because a third party who knows the 
name and genes of an individual might still be 
able to ferret out unique genetic information.

But the prospect of asking for fresh con­
sent from donors concerned NHANES offi- 
ciak. As Diane WagenerofNCHS explained, 
they worry that if people receive a letter in­
forming them that their DNA has already 
been immortalized in cell lines and request­
ing approval for hard-to-understand genetic 
studies, they might say, “1 don’t want to have 
anything to do with [NHANES].”

As the cell lines seemed to become less 
accessible by the hour, an annoyed Collins

declared that, after months of discussion, “I 
am very troubled to learn that there still' 
doesn’t seem to be a clear answer" about 
whether they can be used. After a coffee 
break, Sondik announced that 600 DNA 
samples that are not part of the primary 
NHANES set wjll be made available for the 
SNP project, and possibly a small fraction of 
the primary set, as well, (joiwent will have to 
be obtained from the donors, only 75% of 
whom are expected to be reachable through 
old addresses. But even with a strong re­
sponse, the NHANES contribution will not 
be enough. For example, it is short on Asian 
and Native American DNA. NHGRI will 
therefore have to find other donors, perhaps 
among patients in ongoing NIH projects.

The NHANES samples will, at least, al­
low the SNP project to get started. Now 
NHGRI staffers must lay out the technical 
parameters, the sequencing goals, deadlines, 
and cost limitations. They hope to complete 
all of this by January. 'ITren, if the whole 
scheme doesn't run into a wall, the genome 
community will witness a brand-new compe­
tition in gene discovery.

-Eliot Marshall

-CLIMATE CHANGE.

Thirty Kyotos Needed to Control Warming
When exhausted delegates emerged from greenhouse emissions to two-thiids of what 
round-the-clock negotiations in Kyoto, japan, they would be in 2012 without action, accoid- 
last week with a global agreement to curb emis- ing to the United Nations,
sions of heat-trapping gases, some observers Even this significant reduction, however, 
hailedthedealasadiplomaticmiracle.Climate won’t prevent total global greenhouse emis- 
scicntists say, however, that it will be miracu- sions from rising, analysts predict. The cuts will
lous indeed if the Kyoto pact—which calls for be swamped early in the next century by in-
38 industrialized nations to cut their emissions creases in emissions from developing nations,
by an average of 5.2% from 1990 levels by such as China and India, which successfrilly 
2012—even temporarily slows the accumula- resisted being bound by the protocol. For ex- 
tion of warming gases in the atmosphere. The ample, China, currently in second place, is ex­
cuts are too small and are likely to be over­
whelmed by developing nations, they say.
“It is a laudable and reasonable first step,” 
says Jorge Sarmiento of Princeton Univer­
sity, “but much deeper emissions cuts will 
be needed in the not too distant future if 
we are going to meaningfully reduce the 
rate of warming.”

If approved by major industrialized na­
tions such as the United States and Ja­
pan—and that is far from certain—^e 
new Kyoto Protocol to the 1992 Climate
Change Treaty could reduce emissions of ____________________
six ^enhouse gases including caiten di- Haze over Beijing. Emissions from developing na- 
oxide, methane, and nitrous oxide. The lions like China could overwhelm Kyoto cuts.
United States—-the world’s leader in
greenhouse emissions, with 25% of the total— 
agreed to a 7% cut from 1990 levek by 2012, 
while the 15 nations of the European Union 
committed themselves to an 8% reduction and 
Japan to 6%. If the cuts are achieved, indus­
trialized nations will reduce their collective

pected to overtake the United States as the 
world’s leading emitter of carbon dioxide 
within decades, as it bums more of its ma^ive 
coal reserves. From 1990 to 2015, the U.S. 
Energy Information Administration predicts, 
carbon dioxide emissions from developing

countries—including Russia and Eastern Euro­
pean nations—will nearly double, and will ac­
count for 58% of the global total even if indus­
trial countries do not cut back.

At that rate, the 1992 treaty will not 
achieve its major objective—stabilizing at­
mospheric concentrations of carbon diox­
ide—says Tom Wigley, a climate researcher 
at the National Center for Atmospheric Re­
search in Boulder, Ckjlorado. Currently, car­
bon dioxide levek stand at about 360 parts 
per million (ppm), up from preindustrial lev­
ek of 280 ppm. Computerized climate mod­
els created by Wigley and others suggest that 
concentrations will at least double by 2100

0 unless developing nations hold their emis- 
a sions steady and industrial nations progres-
1 sively reduce emissions by roughly half.

“A short-term target and timetable, like 
that adopted at Kyoto, avoids the issue of 
stabilizing concentrations entirely,” Wigley 
sa>k. As a result, it will at best delay the 
predicted warming trend by just a few de­
cades. Jerry Mahlman, director of the Geo- 
ph>-sical Fluid Dynamics Laboratory at Prince­
ton, adds that “it might take another 30 
Kyotos over the next century” to cut global 
w'arming down to size.

Still, says Sarmiento, “you have to start 
somewhere, and the protocol at least provides a 
framework for revisiting the issue as our under­
standing improves.”

-David Malakoff

Doiid Malakoff is a writer in Bar Harbor, Maine.

■#
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DEPARTMENT OF THE TREASURY

WASHINGTON, D.C. 20220

Oc;ober22,1997

MEMOILAJ^DUM TO: DEPUTY SECRETARY SU]V;MERS

FROM: JONATHAN GRUBER '

RE: Responses to Your Questions on Climate Change

You had asked nine questions related to the economic analysis of the administration’s climate 
change proposal:

Variation in Gas and Energy Prices Over Time

Depending on the ultimate rise in carbon peimit prices, the increase in gasoline prices expected 
from the President’s plan may be no larger than the normal month-to-month and year-to-year 
variation in these prices.

Retail gasoline prices vary considerably from one month to the next. For example, in November 
1995, new rules requiring oxygenated fuels in the winter months went into effect in Washington 
and several other metropolitan areas. This caused the price of gasoline at the pump in the 
Washington area jumped by 10 cents per gallon overnight - an increase equivalent to a $40 per 
ton carbon tax, yet few consumers noticed. In the same way, the seasonal increase in 
summertime demand raises gasoline prices by several cents per gallon for several months each 
year.

Year-to-year changes have often been greater than the price change expected to result from the 
President’s plan. We attach to this memo (TAB A) a graph of gas and energy prices since 1970, 
as well as a printout of the underlying data points.

• The table shows: real gas prices; the year to year change; the energy price index; and the 
year to year percentage change in that index.

• The average of the absolute value of year to year changes since 1970 for gas prices is 11 
cents; this is equivalent to the gas price increase from a $42/ton price of carbon. There 
are five years over this period in which price changes exceeded 26 cents, or the 
equivalent of $ 100/ton

- The average from 1983 to 1997 is 8 cents, equivalent to a $31/ton price of carbon; there is 
only one large change overthis period.

• The changes in overall energy prices is much less pronounced year to year, and does not 
seem to make the point as well.

Moreover, the effects of the President’s plan would not all be fell in one year, further dampening
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the effect on prices.

We should note, however, that this argument appears to contradict the comparison you have 
drawn with the OPEC oil shocks throughout the internal Administration debate.

Historical Perspective on Energy and Resource Utilization

After both oil shocks, we heard predictions of the catastrophes that lay ahead - oil prices would 
continue to climb, and the economy would crash. For example:

• On March 31, 1979, President Carter said, “There is a dwindling supply of energy 
sources. Prices are going to rise in the future no matter which party occupies the 
administration in Washington, no matter what we do.” Actually, prices then fell for five 
straight years, from 1981 through 1986. In 1982, the economy launched its longest 
postwar expansion, which continues today, 15 years later. The Clinton Administration’s 
climate policy is not expected to have nearly the effect on energy prices than the oil 
shocks.

• The 1972 bestseller, The Limits to Growth, contained dire predictions of impending 
resource depletion: the world would run out of gold by 1981, mercury by 1985, tin by 
1987, zinc by 1990, petroleum by 1992, and copper, lead, and natural gas by 1993.
None of these predictions came true; indeed the real prices of natural resources have been 
steadily dropping.

We attach (TAB B) a list of other recent resource forecasts that turned out to be very wide of the 
mark.

Detailed Evaluation of the Emissions Implications of Electricity Restructuring

We attach to this memo (TAB C) a draft memo from the Energy Department on carbon 
emissions implications of restructuring, including the administration add-ons of the RPS, the 
Public Benefits Fund, and green marketing. Under pressure from EPA, the Energy Department 
has presented a broad estimate, ranging from an emissions increase of 20 MMT to an emissions 
reduction of 84 MMT. This consists of a narrower range of effects of retail restructuring itself (- 
25 to +33 MMT), along with modest impacts of administration add-ons (-36 to -13 MMT). The 
consensus among economics experts such as Paul Joskow is that the best guess for the long run 
is a small emissions reduction (on the order of 20-40 MMT).

Relative to trend emissions in this sector, this consensus is plausible. Current emissions in the 
electric sector are 506 MMT, projected to rise to 626 MMT in 2010. So the consensus estimate 
of a 20-40 MMT reduction represents a reduction in emissions growth of one-sixth to one-third; 
even the upper bound estimate would have emissions grovring by almost \0% above today’s 
level.
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The Potential for Worldwide Trading

We attach to this memo (TAB D) a qualitative analysis describing the great potential of international 
cooperation for reducing carbon abatement costs. In particular, the attachment discusses how the 
energy inefficiency and greater expected growth of non-OECD countries make joint implementation 
(JI) and permit trading important avenues for reducing costs. We note in particular that a World 
Bank study suggests that emissions reductions in China before 2020 could save roughly as much in 
carbon emission as the U.S, would have to reduce to achieve 1990 levels by 2010. Anecdotal 
evidence describes the untapped potential for efficiency gains in developing and transitional 
economics and also highlights the success of JT pilot projects.

How do we Distinguish Our “Phase F Plan from the Climate Change Action Plan?

Phase I of the president’s plan calls for new technology spending of roughly $ 1 billion per year, but 
no explicit price of carbon. The question is whether this represents a real step beyond the Climate 
Change Action Plan, which has been regarded by some as a Mure. The White House has produced 
a good set of talking points on this issue, which wc draw on and c-\pand here:

■ The President’s plan includes substantially more funding: $5 billion over 5 years—about 6 
times as much funding as for the Climate Change Action Plan (Note on funding: the 
President’s plan has about 3 times more funding than CCAP plus the Partnership for a New 
Generation of Vehicles).

• The President’s proposal now includes binding targets. In expectation of these binding 
targets, firms and households will begin to adjust their behavior today — a factor not present 
in the Climate Change Action Plan.

• To provide further incentives for firms to take action now, the President has indicated his 
strong support for developing an early credit program of appropriate rewards for those who 
take prompt early actioa

• The President has indicated his support for environmentally-fnendly electricity 
restructuring, which has the potential to reduce emissions significantly.

• The President has announced that the US will provide $ 1 billion over the next 5 years to help 
developing nations and countries in transition to reduce the threat of climate change.

What are the Assumptions of the Models that Generate Small Economic Effects?

The White House talking points cite model results that suggest that with worldwide permit trading, 
the United States could reach 1990 emissions levels by 2010 with a permit price of S25 in 2010, and 
a loss of only 0.1% of GDP.

These results come from Battelle’s Second Generation Model (SGM), used in the lAT’s work earlier 
this year. SGM is a 12-region model that includes 10 supply sectors (of which 8 arc energy-related).
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with capital modeled as “putty-clay”. SGM includes 2 end-use sectors, households and government, 
which consume final products, provide labor, land, and capital to the markets, and determine the 
savings rate. The model allows regions to trade goods. SGM models energy as a deplctable, graded 
resource for both fossil and non-fossil fuels.

Can Other Examples be Used to Demonstrate that our Assumptions are Overly Pessimistic?

As you know, a recent article in the American Prospect highlighted a number of other environmental 
control programs where the initial cost estimates turned out to be overly pessimistic. Unfortunately, 
most of their examples have fundamental flaws in one way or another. There are three examples that 
do bear scrutiny:

• Cotton dust. Actual costs were below estimated costs in part because estimates were based 
on models that did not include the effects of technical change in the industry, which was 
accelerated by the new standards.

• Strip mining. Early costs estimates referred to reclamation at mines in operation at the time. 
In response to the law, however, producers expanded operations at sites where reclamation 
costs were lower, often on flatter terrain.

• Vinyi chloride. Early estimates were based on static cost models, and did turn out to be too 
high.

A number of examples are not relevant, as discussed in the attached memo. In particular, you asked 
about CFCs. EPA’s estimates for the cost of reducing CFG production fell from $3.55 per kg (1988) 
to $2.45 per kg (1996), with the latter price for a more stringent standard. But the well-publicized 
problem of CFG smuggling indicates that control costs at the margin, which is what counts, are much 
higher than these estimates. GFG-12, the most common form, now has a street value of about $50/kg. 
By one estimate, 10 thousand tons of GFGs are now smuggled into the US every year; by 
comparison, legal production is 100 thousand tons this year.

We attach (TAJB E) a memo that describes this conclusion in more detail, as well as the American 

Prospect article itself.

What Assumptions Underlie the Estimates of Massive Job Loss from the President’s Plan?

The widely publized recent job loss estimates come from the EPI, a labor union think-tank, which 
projects job losses of 1.7 million by 2010. These estimates are implausible, for a number of reasons:

• Many lAT reviewers, including Nordhaus and Jorgenson, note that short-term macro models, 
such as the EPI-GRI model, are not appropriate for long-term predictions.

• The DRI model used in this study is very sensitive to changes in assumptions. In this study, 
DRI ran a short-term macro model with assumptions that would provide a worst-case result: 
a $200 permit price, increased emissions baseline, and decreased rate "of efficiency
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improvements.

• The study also ignores Annex I trading, JI, or worldvvide trading; worldwide trading has been 
estimated to lower costs by 50-75% in other models.

• A key contributor to the large unemployment effects appears to be large trade effects, which 
are inconsistent with other models and probably reflects weak trade modelling.

• It is worth noting that this is not the first time that EPI has staked out this position on job 
loss; their estimates of the effects of NAFTA have been proven to be wildly pessimistic.

We attach a detailed critique of the EPI-DRI study as TAB F.

To What Extent can the Cost Savings from Electricity Deregulation Ofiset Price Increases Due
to our Climate Change Plan?

• Electricity restructuring would reduce electricity prices by 0.5 to 1.1 cents per kw-hour; a 
carbon tax of $30 to $70 per ton would raise electricity prices by the same amount. This 
comparison is misleading, however, since the price reduction from electricity restructuring 
falls only on the electricity sector, while the price increase fit>m a carbon tax would increase 
prices for other carbon-based fuels as well.

• Electricity restructuring is expected to save the average 4-person family about $232-$488 per 
year; a carbon tax of roughly $15 to $35 per ton would cost the average family about the 
same amount
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RETAIL PRICES OF GASOLINE AND TOTAL ENERGY

Gasoline Year-to-yearConsumer energy Percent 
(1997 price change price index Change ;
per gallon) (1997=100)

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997 (7-mo

1.32
1.27 
1.22
1.24 
1.56 
1.52
1.49
1.50 
1.42 
1.77
2.23
2.27 
2.00 
1.84 
1.73 
1.66
1.25
1.24 
1.19
1.23 
1.35
1.27 
1.22 
1.17 
1.15 
1.15 
1.22
1.24

-0.04
-0.06
0.02
0,32

-0.04
-0.02
0.01

-0.08
0.35
0.46
0,03

-0.26
-0.16
-0.11
-0.07
-0.41
-0.01
-0.05
0.04
0.11

-0.08
-0.05
-0.05
-0.02
0.01
0.06
0.02

22.911
23,824
24.483
26.453
34.179
37.803
40.544
44.385
47.207
59.097
77.321
87.781
89.091
89.727
90.618
91.240
79.283
79.298 
79.889 
84.419 
91.375 
91.742 
92.206
93.299 
93.688 
94.227 
98.637

100.000

Standard Average of Standard 
Deviation Absol. Value Deviation 

of YrA'r Change

1.0 
1.0 
1.1 
1.3 
1.1 
1.1 
1.1 
1.1 
1.3 
1.3 
1.1 
1.0 
1.0 
1.0 
1.0 
0.9 
1.0 
1.0 
1.1 
1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0

Average of 
Absol. Value 
of YrA'r Change

1970-97 0.32 0.11 26.80 1.06
1983-97 0.22 0.08 6.28 1.01
1985-97 0.13 0.08 6.74 1.01
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DIRE PREDICTIONS THAT WERE PROVED WRONG

1. In 1972, The Club of Rome published in The Limits of Growth dire predictions that the world 
would run out of gold in 1981, mercury in 1985, tin by 1987, zinc by 1990, petroleum by 1992, 
and copper, lead, and natural gas by 1993. None of these predictions came true. Indeed the real 
prices of natural resources have been steadily dropping. For example, the price of crude 
petroleum in 1992 dollars, as measured by the composite of domestic and imported crude oil 
refmers acquisition costs, was $10.69 per barrel m 1972, rose with the oil price shock in 1974 to 
$23.56, and reached a high of $53.47 in 1981 before more or less steadily declining to $18.82 in 
1996. (See reference A.)

2. On March 31, 1979, President Jimmy Carter predicted “ There is a dwindling supply of 
energy sources. The prices are going to rise in the future no matter which party occupies the 
administration in Washington, no matter what we do.” Subsequently, prices fell for 5 straight 
years from 1981 through 1986. (See reference B.)

3. Secretary of Energy Schlesinger was quoted by the U.S. News and World Report on July 10, 
1978: "What we face I the middle 1980s is a notional worldwide shortage of about 5 million 
barrels of oil a day.” Instead, there was a crude petroleum glut and price collapse. (See reference 
B.)

4. Kenneth Arrow, quoted in Forbes magazine on February 4, 1980, predicted that “Wc’rc 
heading into a world of considerably higher prices. There vdll be a major impact on housing by 
1983, and I’d be surprised if gasoline is less than $2 per gallon plus whatever inflation adds.” 
Housing prices actudly dropped in the late 1980s and during the 1990s. The actual price of a 
gallon gasoline was about $1.16 in 1983 and has-not reached $2 plus inflation since. (See 
reference B.)

5. In 1979, the Armual Report to Congress (ARC) forecast for oil prices per barrel for 1990 
ranged from $39.47 to $64.32 (in 1987 dollars). All were substantially above the actual oil price 
in 1990. 1980 projections by the Energy Information Administration (AEI) were also badly off 
the mark: their 1985 projection was 70.9 percent too high; their 1990 projection was 194 percent 
too high; and their 1995 projection was an astounding 383 percent too high. Its 1985 projections 
for 1990 and 1995 were a little better, 71.7 percent and 239 percent too high, respectively.

A. ) Joseph Blast, Peter Hill, and Richard Rue, Eco-S'amo/, I9xx.

B. ) Malcom Shealy of decision Focus Inc., A Review of Energy Forecasts: What Have We 
Learned? February 16,1989.
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'H,a Tn,n«rt nf o^f...nt,,r{no FgderalT ,<»pi.slatimi on Carbon EmlferfoTis in 2010 
An ad hoc agency staff grouo from DOE. EPA. and CEA considered the carbon reductions that 
arc likely to occur in 2010 if DOE’s proposed restructuring bill becomes law. Per discussion at ^ 
the principals level, we attempt to separate the emissions effect of the explicit carbon friendly 
provisions of the DOE proposal ftoro the effects of retaU restructuring itself, which would be 
federated by, but is not entirely dependent on. Federaldestnictuiing legislation. This racruo 
reflects a quick-turnaround effort. Analyses are continuing at both agencies.

.. ThP Fmipctnnc nf ffvnlif?t «yjr>ioTi Friendlv^^ ProvlsiQiis of the DQE ProPQsal
•nicrc is agreement between DOE and EPA staff that the explicit “carbon fricndl/’ provisions of 
the bUl (Renewable Portfolio Standard, PubUc Benefits Fund, and Information Disclosure, the 
latter of which supports marketing of “green" power from renewable resources to interested 
customers. The estimated impact of these provisions is a carbon mtuctinn of 13 to 36 million 
metric tons (MMT) of carbon in 2010 - sec summary table for components.

K Th» T7.in{fteinnfi Tmnaft nf Rfttail RxtmrtiiHng Ttself.
Both DOE and EPA staff agree that substantial retail restructuring is likely to occur with or 
without Federal legislation. Indeed, major states such as California and Pennsylvania have already 
implemented retail competition, and other states are in various stages of developing such pl^^s.
The effect of retail competition on carbon einissions'ouisidc of the explicit “carbon fticndly"
provisions noted above is subject to considerable dispute, in part because the evolution of service ^
offerings under incentives in the future competitive market are not presently known.

On the cmissions-incrcasing side, retail competition should lower electricity prices, which will 
increase demand, and increase incentives for economically efficient dispatch, which could result in 
more use of existing coal plants in cases where capacity is available. Restructuring could also 
increase pressures for early retirements of nuclear power plants. __

On the cmissions-reducing side, retail competition will provide a financial incentive for generating 
plant owners to improve their heat rate, reducing Che amount of ftiel burned to generate each 
kilowatt-hour of electricity. In addition, competing retailers will likely increase value of their 
product to buyers by creating packages of electricity and efficiency services that take advantage of 
cost-effective efficiency oppominitics (such as those Identified in the recent “five lab" study), or 
by selling “green power" derived from renewable sources to environmentally-consdous 
consumers. Finally, some of the increased demand for electricity wffl reduce end-use 
consumption of primary fuels, reducing emissions outside tiie electric sector.

Given the number of factors involved, the ad hoc agency staff group settled on a range of 
estimates from an emissions rrdnerinn of 48 Ml^ to an emissions, inegaa: of 33 MMT m 2010 
for an of the components discussed in the previous two paragraphs and included under headings 
"b 1" and "b2" of the summary table. If. as EPA staff believes, no increase in efficiency services 
can be expected from differentiated product competition among competitive suppliers under any 
plausible circumstances (i.e. both Che high and low estimate of this component are zero) then the 
range of estimates for emissions impacts due to restructuring are an emissions rr.ciuctiQQ of 25 
MMT to an emissions inerca.'^e of 33 MMT. as presented under heading “b 1" of the summary 
tabic In both cases, these emissions changes arc “over and above” the reductions presented
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There Is considerable two-sided uncertainty regarding many of these estimates. For example, 
green power may be more attraedve, heat rate improvements may be lower or greater than 
projected, and efficiency oriented marketing of electricity services may be greater or less than the 
range presented above. Notwithstanding these uncertainties, the ranges presented above reflect 
the best esdraates of reasonable ranges of emissions impacts based on available inforraadon.

@011

In addition, the distinction of "carbon fidendly" provisions of the DOE bill and restructuring itself 
is somewhat fuzzy, given that the DOE bill is expected to speed the transition to retail 
competition. An indeterminate portion of the emissions impacts identified in Section (b) of this 
note arc probably attributable to the DOE bilL

Factor Change in Carbon Emissions in 
2010 (MMT)

a. Explicit “Carbon Friendly” Provisions, including: -36 to -13

Renewable Portfolio Standard -12 to -6

Public Benefits Fund -11 CO -4

Information Disclosure (supports “green marketing" 
— reflects V4 of total green power estimate)

-13 to -3

bl. Retail Restructuring, includmg.- -25 to +33

Electricity Demand Increase / Fuel Mix Change +25 to +32

Nuclear Unit Retirement due to Retail Competition +3 to 10

Green Pricing (W of total "green poweri’ estimate) -13 to -3

Gcncratiou Efficiency (heat rate) improvements -15 to -5

Demand Reduction for Direct Use of Primary Fuels -2 to -1

b2. Efficiency Marketing by Energy Service Companies -23 to 0

SUM OF COMPONENTS (a +bl +b2) -«4to+20
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The Potential Benefit from Worldwide Trading

Lesser-Developed Countries (LDCs) and Economies in Transition (EITs) offer low-cost 
opportunities for reducing carbon emissions. Joint implementation and international trading 
mechanisms can help the world mitigate global wanning in the most efficient manner.

Great Potential Benefits

There are three fundamental reasons why non-OECD countries offer the world such great 
opportunities for reducing carbon emissions:

Energy Efficiency. LDCs and particularly EITs are much less energy efficient than OECD 
countries. In many cases, these relative inefficiencies provide negative cost opportunities to 
reduce carbon emissions. For example:

• Chinese coal-fired boilers are only 2/3 as efficient as US boilers. Retro-fitting Chinese 
plants with US boilers saves more money than it costs.

• Retrofitting Khrushchev-era Russian apartments saves 30% of heat use and saves more 
money than it costs. Many other negative cost efficiency improvements have been 
identified for Russian industry, including the use of quality insulation around steam 
piping, improved energy control systems, and more efficient motors.

Overall, the possibilities from energy efficiency improvements provide large opportunities for 
carbon reduction. For example, a S2 million study conducted by the World Bank and Chinese 
officials found that China could reduce its carbon emissions nearly 15% from its projected 2020 
levels through zero and negative cost energy efficiency improvements.

• That is, we could reduce total emissions by roughly 333 MMT through these low or no 
cost improvements: this amounts to roughly the reduction required by the U.S. to reach 
1990 levels in 2010. Approximately 2/3 to 3/4 of these improvements would come as a 
result of market oriented restructuring, while the remainder would come from specific, 
technical projects.

New Capacity. Due to their high growth rates, developing countries have an advantage over the 
OECD in their ability to meet their reduction targets by installing new, carbon-efficient plants 
rather than by retrofitting existing plants.

• Loosely speaking, OECD countries will have to balance the costs of building new, natural 
gas plants against simply continuing to operate existing coal plants ~ large coal price 
adjustments will clearly be required to make building the new natural gas plant the 
preferable option. Developing countries, however, will balance the costs of installing 
new natural gas plants against the costs of installing new coal capacity. For these 
countries, little if any coal price adjustment would be required to make natural gas the 
economic choice.
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Energy Subsidies. Recent World Bank estimates indicate that developing countries could reduce 
carbon emissions by 7 - 9% by eliminating energy subsidies.

For all of these reasons, the cost of carbon reductions is much lower in developing and 
transitional economies. For example, if the US, instead of reducing its own emissions to 1990 
levels by 2010, transferred its reduction burden in entirety to China, China could accomplish 
these reductions at only 35% of the costs (this result comes from the mainstream SGM model).

Tapping the Potential: Current Success in JI Pilot Projects

Since its foundation in 1993, the US Initiative on Joint Implementation (USUI) has 
accepted 25 project proposals which help US firms tap the potential outside the OECD for low- 
cost carbon reduction. Some of these projects have already begun to reduce carbon 
concentrations by implementing new, carbon-efficient power plants, improving energy 
efficiency, or through other methods such as planting new forests. For example;

• A proj ect in the Czech Republic converted a district heating plant from coal to natural gas 
and built a cogeneration plant to provide both steam and electricity. This project is 
projected to reduce carbon emissions by 165,000 tons over 25 years.

• A proj ect in Costa Rica has replaced fossil-fuel burning power sources with a 20 MW 
wind farm which is expected to reduce carbon emissions by 72,000 tons over 15 years.

• A project in Russia planted 506 hectares of trees and is expected to reduce carbon 
concentrations by 35,000 tons over 60 years.

Other projects, in various stages of implementation, include:

• A large forest management project in progress in Bolivia combines forest regeneration 
and protection with the promotion of sustainable forest-product enterprises to reduce 
atmospheric carbon by an estimated 14.5 million tons over 30 years.

• A project in Russia will improve heating efficiency in Zelenograd simply by installing 
new heat exchangers, pumps, and control equipment. This project can reduce carbon 
emissions by 440,000 tons over 30 years.

Joint Implementation, while very valuable in helping to efficiently reduce carbon 
emissions, can serve other useful purposes including: the opening of overseas markets, the wider 
dissemination of advanced technologies, and the creation of local health and environmental 
benefits.

Tapping the Potential: The Future

The success of JI pilot projects shows that they can work. Once countries face binding
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emissions limits -- and are allowed to acquire offsets from other countries - JI and more general 
mechanisms for international cooperation will become essential in meeting common goals at the 
least cost. Many analysts believe that international permit trading and JI can reduce costs by 
50% or more.

If LDCs and EITs sign on to binding agreements, international permit trading will allow 
the world to focus its carbon reduction efforts in the most efficient places. A portion of the easy 
reductions possible in developing and transitional economies stem from possible market oriented 
reforms and the elimination of energy subsidies. Reductions through these means will be of great 
benefit to other countries in an international permit trading regime, but will be difficult to tap in a 
project-oriented joint implementation setting. Insofar as developing countries and others choose 
to remain outside an international agreement - so that they could not take part in a permit trading 
program - JI will be relied on to play an important role.

The World Bank is exploring the possibility of a carbon investment fund to act as a 
market intermediary for JI projects. The fbnd, on behalf of its investors, would undertake JI type 
projects and sell the resulting carbon offsets to make a profit. Such a find would improve on the 
efiSciency of today’s bilateral JI pilot projects by reducing transaction and search costs, providing 
efficient administration, and pooling risk. The Bank is continuing to investigate this and other 
mechanisms to help in international carbon offset trading.
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October 21,1997

MEMORANDUM FOR DEPUTY SECRETARY SUMMERS 

FROM:

SUBJECT:

Jonathan Gruber
Deputy Assistant Secretary (Economic Policy)

Do we always overestimate environmental control costs?

In “Polluted Data: Overestimating Environmental Costs,” (The American Prospect, Nov/Dec 97), 
Eban Goodstein and Hart Hodges argue that most pollution control programs turn out to be far 
less costly than had been estimated beforehand. They claim that "reducing pollution emissions at 
the source ... is almost certain to be (substantially) cheaper than we think it will be.” But why, 
one might ask, are the experts always wrong - and always in the same direction? “The reason, of 
course, is technology forcing,” answer the authors. “When industry is required to lower pollution 
output. It usually doesn’t just slap a new filter on an existing process; it often invents new 
technology."

The authors give a list of environmental programs in which, they claim, technical innovation 
came to the rescue and dramatically reduced costs, compared to initial estimates. Some of these 
examples lend credence to the authors’ thesis, but many do not.

Convincing Examples:

Cotton dust. Actual costs were below estimated costs in part because estimates were based on 
models that did not include the effects of technical change in the industry. As the standards were 
introduced, the textile industry was about to replace its older capital stock with newmachines 
that, among other things, markedly reduced the amount of cotton dust in the air. The standard 
accelerated this change.

Strip mining. The authors quote compliance cost estimates in the range of $6 to S12 per ton of 
coal, as against actual costs of 50 cents to SI per ton. Early costs estimates referred to 
reclamation at mines in operation at the time. In response to the law, however, producers 
expanded operations at sites where reclamation costs were lower, often on flatter terrain. Thus, 
these early “static” estimates overstated costs.

Vinyl chloride. The authors say that control cost estimates fell from about $100 million per year 
to $20 million per year. John Morrall of OIRA reports that the earlier estimates, w'hich were 
based on static cost models, did turn out to be too higL We should note, however, that the 
authors also claim that the 1 ppm standard was met with a price increase of only about 6 percent. 
The US vinyl chloride market today is about $1 billion, so 6 percent implies $60 million annually

Prepared by Ray Squitieri
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in direct control costs, undercutting their S20 million estimate.

Problematic Examples

Asbestos. The paper says that one study by a consulting firm in the early 1970s estimated control 
costs that turned out to be too high by a factor of two. This refers only to the earliest estimates, 
done in support of OSHA’s proposal in the early 1970s. Two later OSHA cost estimates, in the 
late 1980s and early 1990s, dd not substantially overestimate control costs, according to John 
Morrall, now a branch chief at OIRA, who was responsible for reviewing all three sets of 
estimates.

Benzene. The paper cites a process that substituted other chemicals for benzene, “and virtually 
eliminated control costs.” Benzene is one of the most widely used organic chemicals, with over 
S2 billion in sales last year. The new process alluded to (using maleic anhydride) replaced 
benzene in only a small portion of its uses.

CFCs. The paper correctly quotes EPA’s price estimates for reducing CFC production, which 
fell from $3.55 per kg (1988) to $2.45 per kg (1996); the latter price was for a more stringent 
standard. On the other hand, the well-publicized problem of CFC smuggling indicates that 
control costs at the margin, which is what counts, are much higher than these estimates. When 
the US ceased CFC production in January 1996, a CFC smuggling industry was,already in place. 
CFC-12, the most common form, now has a street value of about $50/kg. By one estimate, 10 
thousand tons of CFCs are now smuggled into the US every year.

Coke ovens. The paper quotes a 1974 study that gave a range of $200 million to more than $1 
billion, and says that a later study by the Council on Wage and Price Stability (CO WPS) 
estimated the actual cost of the standard at $160 million. The author of the CO WPS estimate, 
John Morrall of OIRA, says that he did not make an independent estimate, but simply took the 
low end of the industry estimate that OSHA was using, on the grounds that industry had an 
incentive to overstate control costs. He also says that the authors’ range ($200 million to more 
than $1 billion) appears to be the range in the industry study he used, with $160 million rounded 
upward to $200 million. Moreover, the OSHA standard was never met.

More General Critique

The authors are correct in their general claim that many cost estimates come from models that do 
not factor in technical innovation. But their argument is incomplete, and sometimes wrong.

First, analysts arc often mistaken about the costs of environmental controls, but not just on the 
high side; this article has clearly selected Its examples to illustrate its point, downplaying 
examples which cut the other way. For example:

• The National Ambient Air Quality Standards (NAAQS), set by the original Clean Air Act 
(CAA) of 1970, were estimated to be achievable in 7 years. Twenty-seven years later, we

Prepared by Ray Squitieri



10/22/97 WED 13:01 FAI 202 0222633 0017

Still do not know how, when, or even if the original goals will ever be met. At the time 
EPA tightened the ozone NAAQs earlier this year, 75 areas did not even meet the 
standard then in place, which is looser than the original standard set a quarter century ago. 
These non-attainment areas contain 75 million people, and include most of the country’s 
major cities: Los Angeles, Houston, Dallas, St. Louis, Chicago, Pittsburgh, Cleveland, 
Boston, New York, Philadelphia, Baltimore, Washington, and Atlanta.

• The Clean Air Act Amendments of 1990 established a program for “clean-fuel vehicles" 
in California, with a target of 150,000 vehicles to be purchased annually in model years 
1996,1997, and 1998, and 300,000 vehicles (about 25% of sales) in model years 1999 
and after. The writers of this technology-forcing law seriously underestimated the cost of 
producing this vehicle. As of now, there appears to be no way to produce this car at a 
price consumers will accept, and EPA has, in effect, allowed the program to lapse.

• The authors make a false distinction between controlling pollution and the source, and 
treating soil and water after it has been contaminated. They concede that some programs, 
such as Superfund and the Clean Water Act, have been far more costly than anticipated. 
But they assert that this occurred because cleaning up existing contamination is not 
subject to the same forces of innovation as preventing pollution at the source. The 
authors offer no support for this claim.

Second, most ex-post cost estimates, including all those cited by the authors, include only direct 
compliance costs. Indirect costs, which arc borne elsewhere in the economy, are harder to 
measure, but no less real. An often-cited 1990 study by Kopp and Hazilla of Resources for the 
Future estimates that indirect costs of environmental rules are roughly equal to direct compliance 
costs. In a 1993 study of the paper, oil refining, and steel industries. Gray and Shadbegian 
estimate that for every $1 in compliance costs, total factor productivity is reduced by $3 to $4. In 
a series of papers this decade, Jorgenson and Wilcoxen calculated that environmental regulations 
have reduced the US capital stock by 4.3 percent, increased the cost of capital by 5.5 percent, and 
reduced real GDP by more than 3 percent annually, with indirect costs accounting for most of 
this burden.

Third, the authors do not support their claims about technology forcing. They quote Michael 
Poner, who has written that environmental regulations often yield “innovation offeets." But they 
try to prove their case with anecdotes. Anecdotes alone do not prove an assertion, because we 
have no guarantee that the speaker has not selected only those that support his position. 
Moreover, we have survey evidence that nins the other vi^y. When the BEA conducted its 
surveys of environmental compliance costs, it asked about “product offsets," resulting from 
compliance with the regulation in question. In contrast to Porter’s claims, only two percent of 
respondents identified any “product offsets."

Fifth, the same market forces that drive down compliance costs also drive down benefits. For 
example, several years ago OSHA estimated very large benefits for its new rules intended to 
control the spread of tuberculosis. But at the same time that OSHA’s program was being put in
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place, tuberculosis rates were falling, as the Centers for Disease Control (CDC) increased its 
focus'on tuberculosis. This slowed the spread of the disease and reduced the benefits of OSHA’s 
program. Similarly, OSHA’s recent rules on blood-borne pathogens aimed to limit transmission 
of AIDS and, especially, hepaiitis-B. The recent vaccine for hepatitis-B has considerably lowered 
the value of OSHA’s rule.

More fundamentally, program costs can get wildly out of control vdien EPA takes a program 
with modest goals, and sweeps into it activities that were not intended to fall into its purview. 
Superfund is an example of this driftnet approach. Superfund began life as a program to clean up 
a few big sites on the order of Love Canal, but metamorphosed into “a behemoth, towering over 
American environmental policy, gobbling vast quantities of public and private cash and 
management time.” [Francis Caimeross, environment editor of The Economist, in her book 
Costing the Earth]. On a smaller scale, EPA’s rule on toxicity characteristics provided a way that 
a waste stream could be designated as hazardous. The agency estimated its cost in the low 
hundreds of millions of dollars per year. These estimates failed to anticipate that EPA would 
then insist on regulatmg many items posing low or negligible risk, mcluding fluorescent light 
bulbs and telephone poles; as a result, the rule has been far more expensive than anticipated in 
these initial estimates.

Prepared by Ray Squiiieri
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Hbam Goodstein and Hart Hodges

Polluted Data: Overestimating Environmental Costs

"■"n July, Carol Brcrancr. chief 
■ of che Environinencal Pro- 

JL.cectIon Agency, Issued new 
"retuladons reducing permissible 
levels of smog and particulace

costs through innovation. And 
innovation can be promoted 
through regulanon. This history 
is worth beadng in mind as we 
approach the most important

(line soot) poUurion. The politi- finvironmcntal controversy to
cii baide leading up to che deci^ 
s/or. was fierce, even within the 
administration. One Sta^ meni' 
her on the Council of Economic 
Adnseis maintained chat the reg> 
ularions would cost a whopping 
S60 billion—a figure quickly 
seized upon by induscry opposi­
tion. The EPA's own cost esti- 
mate u-as much more modest. 
ben>.'een S6 billion and SS billion. 
In making her case for che new 
rejtulacions, however. Browner 
publicly disavowed e^’en her own 
3gcnc)”’s cost escimaces. She 
argued that Induscry would find a 
way to do it cheaper.

\Vnom CO believe? Confronted 
with conflicting escimaces, mosc 
lay people either throw up their

dace—how to deal widi the cri­
sis of global warming.

TH£ ABCs o? 
Ovskkstimation

In every ease we have found 
where researches have calculat­
ed actual regulatory ousts and 
then compared them to a»te 
csrimates, the estimate e.xceeded 
the actual cost. We have uncov­
ered a dozen such efforts, rang­
ing from A (asbestos) to V (vinyl 
chloride). In all cases bur one. the 
initial estimates were sr least dou­
ble the actual costs.

Asbestos. When the Occupa­
tional Safety and Health Admin­
istration fOSHA) instituted reg-

hands or choose sides idcologi- ularions covering e.xposurc to 
cally. But hisrory provides a basis asbestos in the early I970s, they 
tor evaluating these escimaces. hired a consulring firm to esti- 
Mot only do Industry lobbyists mate the cost of compliance.
■i.-ildly overesdmatc the costs of 

prop<?5<d environmental rcgula- 
lions. .\Iore surprisingly, academ­
ic and covernraent economists 
toniiitcndy do coo—and for an 
equally surprising reason. When

Two later studies found that the 
origiaal prediction for the cost of 
compliance was more than dou­
ble che actual cost, because of 
overly s«ric assumptioos.

Benzene. In the late 1970s,
brccjjrfng the costs of new envi. che chemical industry predicted
.'Oamencal regularioos, aconomie chat controlling betuene emls- 
Lialyjti routinely ignore a prime- sions would cost S3JO.OOO per 
y economic lesson: Markets cut plant. Shortly after these predie-

• :-:p;iutit trulbutk rzpriAlt. txU t'iSi-MlAT-fS/^0.

cions were made, however, che 
plants developed a process that 
subsdtutad ocher chemicals for 
benzene and virtually eliminated 
control costs.

Chlorofluorocarbons (CFCs), 
In 1983, cedudagO^C production 
by 50 percent within 10 years waj 
enimoted by che £Pa to cost S3JJ 
p« kilogram. By 1993. the goal 
hid become much more ambi­
tious: complete elimination of 
CFC production, with the dead­
line moved up two years, to 1996. 
Nevetihcless, the estimated cost or 
compliance fell more than 30 per­
cent, to $2.45 per kilogram. And 
where subsdnitci for certain CFG 
had not been e.xpecrcd to be avail­
able for eight or nine years, indus­
try was able to identify and adopt 
substitutes in as little as two years.

CFG in automobile air con­
ditioners, In 1993 car manufac­
turers estimated that the price of 
a now car would increase by 
S650 to $1,200 due to new regu­
lations limiriag the use of CFCs.
In 1997 the actual cost was esc:- 
mated to be $40 to 5400 per car.

Coke ovens. The original 
OSHA escimace for the cost of 
complying with the 1976 coke
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oven iiandard was tnore chan 
live cimes higher than escimacea 
of Qccual costs. OSHA's contrac- 
tor suggested chat complying 
with the standard would cost 
from S200 million to more than 
$1 billion. However, a Coundl 
on 'Wage-Price Scabiitty study 
later escimaced the actual cosc of 
the standard co be 5160 million.

The OSHA consultant estunat- 
ed that three steel Srms in char 
sample would spend $93 million 
on capital eciuipmeac and 534 mil­
lion in annual operating costs to 
comply with the regulations- A 
later study by Arthur Andersen 
decermined that the three firms 
flcru;dly spent between $5 million 
and 37 million in 1977 to comply 
with the standard, and only $1 
million to 52 million on capital 
expenditures. Ultimately, firms 
were able to meet rhe standard 
without incurring all ofthe capital 
coses in che first year, and actual 
compliance costs were dramatical­
ly lower than originally predicted.

In the late 1980s, coke produc­
tion again canje under regulatory 
seniciny. this time by die EPA. In 
1987, che agency estimaced that 
che cosc of conccoUing hazardous 
air pollution from coke ovens 
would be roughly S4 billion. By 
1991 that oitimace fell to between 
5250 million and S4C0 million.

CoRoii dust. Ih 1976, OSHA 
proposed a maximum permissi­
ble exposure limit of 0.2 mil- ' 
ligrams per cubic meter for eoc- 
ton dust, and its consultant esd> 
mated that compliance cosm 
would be approximately 5700 
million per year. Th* standard 
promulgated in 1978 actually 
allowed for higher exposure lev. 
els In some sectors of che textile 
industry, bur che small changes in 
rhe standard du not fully explain

the decrease In esdtnated compli­
ance coses; in 1978 the otimare 
fell to 5205 million per year. 
Moreover a new study ronduct- 
cd in 1982, after the Reagan 
administration called for a 
review of the standard, conclud­
ed that compliance costs were 
S83 million per year.

Halons. In 1989 members of 
the United Nations Environment 

• Program’s Ilalons Technical 
Options Committee disagreed on 
whether diiect balon replacements 
could be found and whether a 
phasc-ouf was possible. However, 
in 1993 die commirtee concluded 
thar a phase-out of halons, a sub­
stance found in fire e.xtmguishers 
chat destroys the ozone layer foster 
chan chlorofluorocarboas, would 
be both teehnologicaily and eco­
nomically feasible by 1994.

Strip mining. Prior ro the pas­
sage of the 1973 Surtace Mining 
Control and Reclamation Act, 
estimates for compliance costs 
ranged from 56 to 512 per ton of 
coal Actual costs for eastern coal 
operations have been in che 
range oflO cents to Si per ton. 
After rhe regulations wen; adopt­
ed. the market switched away 
from coal deposits with high 
ccciamatlon costs. Ready substi- 
tures included surface-minable 
coal in flatter areas ixi-ith lower 
reclamation costs), and under­
ground deposits.

Vinyl chloride. OSH.Vs vinyl 
chloride standard, set in 1974. 
provides a final example of wildly 
excessive cost pco|cctions. The 
agency’s consultant estimated chat 
it would cost 522 milliua per year 
to mea che pemiissible exposure 
limit of 2 CO 5 parts per million 
(ppm) in the vinyl chloride 
monomer icetor, and SS7 million 
per year to meet che 10 to 15 ppm

exposure limit In che poly^j 
chloride sector, hi addition. 
consultant argued chat the i 
pci^ible exposure limit simply 
could not be attained. The pr^. 
dent of Firestone's plastics divi. 
sion said that a sundard of i pp^’ 
■•puts the t^yl plastics industry 
on a colli.-iion course with 
nomic disaster."

In spite of these protests 
OSI^ did adopt the strict pg^! 
missible cxposiiru limit of ] pp^ 
A study conducted sevenl y«,xs 
later by researchers from the 
Wharton School of Business csti. 
mated that the total cost of com­
pliance for Aoni sectors had been 
abouc 520 million per year. A 
1976 congressional research 
paper also indicated chat the accu- 
ri cost of compliance was dramat­
ically less than che original predic- 
rion. The early claims chat the I 
ppm standard could not be met 
evaporated; instead, the regulato- 
ry action led CO about a 6 percent 
rise in polyvinyl chloride prices.

costs have 
been consistently 
overestimated for 

emission reduction, they have 
been undercsdmatcd for environ, 
menral cleanup. For example, 
when the Clean Water Act was 
enacted in 1972, the EPA 
ed that 512.6 billion was needed 
to provide secondary sewage 
treacmenc systems. According to 
the American Enterprise lasdcure, 
actual spending for sewage treat­
ment between 1972 and I9SI 
exceeded 5160 billion.

Costs for the Superfund pro­
gram have also mushroomed. 
When first launched, people 
e.xpccred the mandated cleanups 
to apply CO a small handful of
Love Canals. However, the pfo-
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gram has expwided dramatically, 
covering far more than a 

(houjand sices. In addition, 
cleanup has proved far more 
costly than predicted: The aver- 
,gc cost overrun on cleanup 
cjtpenditures at Supeefund sires 
bos been 44 percent.

The message from these cases 
is clear. On the one hand, treat* 
ing already polluted water, clean­
ing dirty sod. aud scrubbing ody 
rocks coils a lot of money, 
(much) more chan expected. On 
the other, when ic comes to 
reducing poJJurion emissions at 
the source, it is almost certain to 
be (substantially) cheaper than 
we chink it will be. Updating 
Poor Richard’s Almanack, an 
ounce of prevention is clearly 
worth a pound of cleanup.

Were the esci* 
/ maced costs of 

reducing emissions 
St the source so inflated? The rea­
son. of course, is "technoJogy- 
forcing." When industry is 
required to lower pollution out* 
put, it usually doesn’t just slap a 
new filter on an existing process; 
ic often invents-ftew technology. 
Frequently the new technology 
turns out to have higher ptoduc- 
civicy benefits, which help to o^set 
the cost of the regi^cion. To s«: 
this, it is worth looking in detail at 
two high-profile cases where mar­
kets have responded to reguladon 
by cutting costs.

CoKz Break

Robert Hahn, a wcll-lmown 
environmental economist, is cur­
rently a resident scholar at the 
American Enterprise Instituce 
and an adjunct reseoreh fellow nt 
Harvard's Kennedy School of 
Government, and i$ a former

senior staff member of Bush’s 
Council of Economic Advisees. 
In 1990 he and a co-author 
wrote s report for the U.S. Busi­
ness Roundtable predicting the 
impact of the proposed Clean 
Air Act amendments on employ­
ment. *111036 amendments had 
the dual purpose of cleaning up 
both add tain and so-called ’’air 
toxics" &om industrial plants.

The executive summary of 
Hahn’s report leaves "no doubt 
that, across the Clean Air Act 
Amendments studied, there are a 
minimum of several hundred 
thousand jobs at various levels of 
severity of risk—even with the 
more moderate CBush] Adminis­
tration proposals." Hahn's 
absolute minimum prediction 
was 20,000 jobs directly lost, 
mostly from the closing of coke 
ovens in the steel industry. Hahn 
and his co-author viewed this as 
"truly a limiting, rock-bottom 
estimate" for several reasons. 
Important among them was that 
ir considered only job losses aris­
ing from one pocrion of the 
bill—control of air toxics.

The amendments did pass 
later in 1990. The bill was in 
most respects more restrictive on 
air toxics than the one on which 
Hahn s study based its minimum 
job loss estimates. The legisbtion 
also authorized retraining funds 
of S50 million pur year for dis­
placed workers, which gives a 
nice way to track job Impacts.

In the almost seven years since 
passage of the legislation, fewer 
than 7,000 workers have received 
aid because their jobs were affect­
ed by the Qean Air Act amend­
ments. And the wsc majority of 
chose have been eastern, high-sul- 
fur-coaJ miners, who have been 
laid off due not to the ilc toxics

provision, but to the acid rain 
amendment. (The same legisla- 

. tion has in fact led to a boom in 
the western, low-sulfur-coal 
incuslry.) No workers from shut­
down coke oven plants have 
received adjustment assistance. 
And between 1992 and 1995, 
production in the coke and 
(closely related) blast furnace 
industries acnially increased, from 
S1.74 binioo to S1.95 billion.

Hahn was consulting for indtu- 
ny here, so it is not surprising that 
his numbers were a bit on the 
high side. Corporate America, 
when faced with new regulations, 
has never been sh> about rl.itmmg 
that the sky is falling. But Hahn is 
not a hired gun; he has very solid 
academic credeudils. How coidd 
he have gotten it so vtTong?

It turns out that Hahn's over- 
estimation of regulatory impacts, 
while extreme. U not unusual In 
&ct, as we have seen in every case 
for which we have been able to 
tnck down data, academic and 
gowemmcDt economists have rou­
tinely overestimated the costs of 
reducing poUudon emissions—by 
at least 30 percent, and generally 
by more than 100 percent.

The Acid Test

The EPA’s add rain program 
is another dramatic case in point. 
Since 1995, electrical utUiiies 
have been required w hold per­
mits for each ton of sulfur diox­
ide they emit. These permits, in 
limited supply, are distributed to 
firms each year by the govern- 
meat. The innovative feature of 
rite program Is that the permits 
can then be bought and sold. 
Given this, permit prices roughly 
reflect per ton pollution control 
costa. This is true because a firm 
generally wouldn’t buy an extra

,siiM:5Ra >s /Our.LTao data st
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permic if lh.t cosc of doina so 
exceeded the cosr of reducing 
sulfur emissions by a con.

When the cradable permits 
cnarkec wtis bein<; designed In the 
early 1990s, credible indu3Ct>' cad- 
maces of permic prices (and thus 
control costs) were Sl,500 per 
con; the EPA was predicting S750. 
In 1997, pcrmici were in fact sell­
ing for around Si00 a piece.

Parc of the current low permit 
price is due to a higher than 
expected inictai supply of per­
mits, but real compliance costs 
have in fact been two to four 
times lower than the EPA 
e.'cpected. and fibur to eight rimes 
below industry esdmares.

The Virtue of Markets

When cavironmental econo­
mists figure chdr cosr esdciaces. 
one parricular lapse is quite star­
tling. Economists have tended to 
grossly underestimate a '•irtue of 
markets they readily preach cLce- 
where: flexibility. When poUu- 
tion regulation makes a certain' 
type of production more expen­
sive. markets adjust—in fairly 
rapid order, uncovering substi­
tute methods of production, and 
developing cheaper cleanup 
technologies. This fact, while not 
completely ignored by econo­
mists, is seldom factored into 
their cost estimates. Instead ana­
lysts tend CO predict future costs 
stadcaily, as if firms would con­
tinue to use existing practices 
and technologies.

So. for example, the much 
lower than expeaed costs for the 
acid rain program can be 
explained in retrospect by the 
increased ,f.i«cibility that firms 
were given to achieve their man­
dated reductions in sulfur diox­
ide emissions. Rather than install

expensive scrubbers (or buy 
extra permits), many more firms 
than expected have met their sul­
fur dio.'dde targets by switching 
to low-sulfur coal, or developing 
new fuel-blending techniques. 
Railroad deregulation, along with 
economies of scale, led to an 
unexpected decline in low-sul- 
fur-coal prices. And with the 
increased compcctcioQ &om coal, 
scrubber prices fell by half from 
1990 to 1995.

All this is easy to see after the 
fact, but would have been very 
hard to predict. Hahn got his 
20,000 lost jobs from air toxics 
regulation following this same 
practice—ignoring innovacive 
market responses. While paren- 
chedcaliy noting ihar 'technolog­
ical improvements could reduce 
the direct economic impacts," 
the study explicidy ignores the 
posability "because of the diffi­
culties in predicting how tech­
nology will evolve." Because in 
the mid- to late 1980s, available 
control technologies for coke 
ovens seemed to be quite expen­
sive. Hahn assumed that regulat­
ing air roxies would simply shut 
down much of the industry. 

However, o$ wc saw above, 
the EPA's own estimates of con­
trol costs for coke ovens were 
plummeting even as Hahn was 
writing his report. By 1991, they 
were down by a factor of cen or 
more from the 1987 forecasts. 
Hahn may not have been aware 
of the EPA's work; instead he 
cites an industry source to justify 
his claim that "there is wide­
spread agreement that coke 
ovens will be required to close 
down, with an estimated loss of 
15.000 jobs."

A secondary reason for the 
overcstimares is chat in implcmen-

cation. legislation is never as dra, 
conian as it appears on paper. In 
praeuce, timetables get stretched 
out,'compliance dates gee extend­
ed. and u-aivers arc granted. Even- 
tuaUy the regulations begin to 
bite, hut industry is usually given a 
fair amount of time to adjust. 
Most cost estimates assume high 
degrees ot near-tettn compliance.

peering Into the fiiture is 
■ -^hard work. It is, in fact, 

dose to impossibic for 
economise to predict the specifics 
of how technology will evolve. 
This is especially true since much 
of the irJbrmation about potential 
innovations consists of dosely 
held trade secrets, which Industry 
has_ little incentive to reveal. But 
basing cost predictions on sccaar- 
ios chat assume no tcehnicai evo­
lution is guaranteed to produce 
poss overestimates. Innovadon is 
indeed something ar which mar­
kets arc v«y good. When given a 
narrowly defined task—eo pro­
duce commodity x emlrang less of 
pollutant 'j—short-term substitu- 
doas and long-tenn shifts in tech­
nology guarantee large cost tcduc- 
dons o\-er currenr praedee.

Imflati.nc Costs, 
Ignori.nc Benefits

In the late 1980s. when the 
intemadocal phase-out of oxone- 
destroying CFCs got underway, a 
company called Nortel began 
looking for substitutes. The com- 
pany, whidi had used the chemi­
cals as a cleaning agent, invested 
SI mlllio.’i to purchase and 
employ nrv hardware. Once the 
redesigned system was in place, 
however. .Nortel found that it 
actually saved 54 million in 
chemical waste-disposal costs 
and CFC purchases.
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^ f The CFC ccguliwfy compli'
■i

*c S4 o>ffion toM-

“diverts’* capital investment

■• t In recent yeers. by contrast 
f'.NUcbael Porter of the Hartacd 
■?:Basiotss Sebool has been pointing 
^^to examples like Nortel to argue 
i‘ iit environmental rt^pikdon*. by 
•?.' forcing arms to rethink their pto- 
$•■ auction proccsics, can often lead 
I to lower production costs and 
~ lead a cotnpedcivc advantage 
}. More generally, much of the 
•^' reported costs of environmental 
,v' regulation occurs when firms 

invest In new capital equipment,
' thoroughly redesigned to be
' both cleaner and mote produc-
■ live. Many of these investments 

would have happened sooner or 
later anyway. So a primary effect 
of regulation is to speed up the 
investment process. This is cosdy 
CO firms, since they must scrap 
old machinery that is not neccs* 
urily worn out. When this hap­
pens. however, much of mea­
sured compliance cost is in fact 
just early capital investments. 
This in turn implies 'hat the 
compliance figures are much 
higher than the real costs.

Researchers at Resource.-* for 
the Future recently conducted a 
study asking how much SI spent 
on environmental protecnoti real­
ly costs an industry. For some 
Industries, specifically steel, the 
answer -was Uitlo more than Si. 
due CO the diversion effect. For 
others, notably plastics, the indus­

try actually saved money as pro­
ductivity was boosted. On aver­
age, the study conduded. SI spent 
on environmental pollution con­
trol reflected a real e.\-p«MC 
ccQCS- In general chcfl, vtiin 
cost estimates are "correct, dm 
new research suggests that the 
reported values often overstate the 
true COSH to the firm, on average 
by a factor of seven.
The Road to Kyoto

The debate over compliance 
costs is now heating up for the 
mother of all pollution Issues— 
global warming. International 
negotiators are at work on what 
are supposed to be binding car­
bon tanisfiion reduction require­
ments, to b« announced in Kyoto 
in December. The European 
Union is pushing for a 13 per- 
cent cut below 1990 levels to be 
achieved by 2010; the memberi 
of the Alliance of Small Island 
States—whose very t-dstence is 
at stake due to anridpaced flood­
ing—want a 20 percent cutback
by 2005. ^ ^

The United States, by far the 
world’s biggest greenhouse poI- 
lutcr. is dragging its beds. Presi­
dent Clinton, when pressed to 
commit the U.S. to specifics, has 
promised only to convene a con- 
ferenee b the fill to “y » achieve 
a consensus among American 
industry, labor; and other groups 
on the need for action. And Clin­
ton will dady face a tough sal« 
job for adfication in the I^ubli- 
can-sontroUed Senate,

Academic economists have 
lined up behind a strong U.S. 
leadership tole in Kyoto, Orcen- 
house “moderates" like Yale’s 
■WilUam Notdhaus and Harvard's 
Dale Jorgenson headed up a list of 
more chan 2,000 economists who

signed a letter arguing that a first 
round of cadaon emission reduc­
tions could be adu’eved at relative­
ly low cost And in late July, to die 
dismay of U.S. industry; the Clin- 
con economic team published its 
ofSdal cost estimates, confirming 
this general view.

There is a minority opinion''v. 
among economists that reducing j
greenhouse gas emissions will be /
very,'very cheap, and in the long j 
run, even profitable The reasons? / 
Already existing energy efficiency 
technologies can help the United 
States break its addiction to 
cheap oil without too much pain, \ 
And within a decade or two. \ 
renewable fuel sources—coupled 
with effidendy redesigned tech­
nologits—will be cheaper than oil \ 
or coal are today. In this view, the ' 
sooner we redirect the market 
into a serious search for alterna­
tives CO fossil fuels, the richer we 
will be in the future.

There are. however, likely to 
be transitional costs, both for 
wodeers. particularly in fossil fud 
mdustrics, and for Third ’World 
countries. In the past, govem- 
meni has not done a very good 
Job in equitably sharing the bur­
dens of such transitions. This Is 
no reason to reject a global 
warming accoed, but it is a 
strong reason to be alert to the 
allocation of costs and benefits.

In the global warming debate, 
as when past environmental regu­
lations have been proposed, there 
are the three compliance cost sce­
narios: apocalyptic (industry), 
doable but costly (academic and 
jrovernment), and profitable (a 
few visionaries). Our jj^ess, based 
on the record of previous acade­
mic and government cost fore­
casts, U somewhere between 
doable and pcoGtabieJ

polluted DAT.*. 69
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EPI Review of DRJ study of the Economic and Employment Impact of Climate Change Policies

On September 17, EPI released the results of its review of a study conducted by DRI on the 
economic and employment effects of climate change policy on the US economy. The results 
present a doom and gloom scenario largely because the model used by DRI is not appropriate for 
long term forecasting and because many of the assumptions tend to exacerbate the negative
impacts.

WEFA has announced a study estimating the impacts of climate change polices. The only copy 
of their report that we have for review is methodologically bankrupt. However, the estimated 
permit price is similar to the EPI-DRI price and many of the results are of a similar magnitude. 
TTiis attachment will focus on the EPI-DRI report because there is a detailed explanation of their 
methodology.

The model used in the DRI/McGraw-Hill study is a short-run forecasting model with an fixed 
coefficient, input-output-based structure. The shortcomings of this model for forecasting the 
impact of potential climate change policies are:

• Long-term climate polices arc likely to alter significantly the structure of the economy 
and encourage fuel switching and capital-energy substitution. The model used by EPI- 
DRI fails to capture any of these changes because it relies on fixed, historical estimates 
and cannot adequately predict future production, investment, and labor 
supply/consumption decisions.

• This type of model tends to distort the adjustment behavior of the economy. As a result, 
errors due to the rigidity of the model arc magnified as the time horizon of the forecast is 
lengthened. In other words, the forecasts for 2020 are less reliable than those for 2010, 
and the model is really only built to be able to produce reliable forecasts for two or three 
years in the future, in the present case the year 2000.

• “[The DRI model] is highly inappropriate [for long-term predictions] and has 
some important limitations that are well-known to the community of economic 
forecasters. For example, the DRI long-term predictions are extremely sensitive 
to assumptions about energy prices.” Jorgenson and Nordhaus from a memo to 
the I AT, April 24,1997.

. The DRI model used fixed proportions of inputs to outputs which fails to capture 
any energy conservation of carbon emissions reductions. Therefore, “it is clearly 
unrealistic for periods of a decade or more." Jorgenson and Nordhaus.

As noted above, this type of model is very sensitive to changes in the assumptions such as energy 
prices. In many cases, the EPI-DRI modelers choose assumptions that would exacerbate any 
negative economic and employment effects resulting from climate change policies. For example, 
the EPI-DRI review:
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Assumes that the permit prices will be between $180 - $190 per mmtC (1995 dollars) in 
2010. This permit price is approximately twice as high as found by the Interagency 
Analytic Team on the Economic Effects of Global Climate Change Policies (lAT) which 
estimated permit prices between $80 - $100 for the sam6 scenario. As a result, energy 
price increases are much greater in the EPI-DRI review. These higher prices arc a result 
of two modeling decisions;

. The EPI-DRI model assumes slightly lower baseline improvements in energy 
efficiency (1% versus 1.25%). This also has an effect on baseline carbon 
emissions growth.

• The EPI-DRI model assumes smaller price and substimtion elasticities than used 
by the lAT; again, this is a result of the limitations of the model which does not 
handle substitution and fuel switching well.

Overstates the amount of carbon emission in 2010 and 2020. Baseline carbon emissions 
estimates are greater for 2010 and 2020 in the EPI-DRI scenario than in cither the Energy 
Department’s AE097 baseline or the lAT report

« For example, in 2010 the EPI-DRI report baseline case predicts 1,746 million
metric tons (nunt). The Energy Department predicts 1,722 mmt and DRI in the 
I AT report predicts 1,693 mmt in the reference case.

• In 2020, EPI-DRI predicts 1,894 mmt while DRI predicts only 1,805 in the lAT.

Ignores international emissions trading and the role of JI or worldwide trading, which 
other models predict can lower permit prices by 50% of more.

Exaggerates impact of climate change policies on international trade and the trade deficit, 
multiplying the unemployment figures.

• The EPI-DRI model predicts substantial increases in the trade deficit from our 
climate change policy. This largely reflects poor modelling of the trade sector in 
the DRI model, which is not built to handle international trade. In fact, other 
models (such as the SGM model) which more appropriately reflect international 
trading suggest only minimal impacts on the trade deficit.

• Two-thirds of all carbon emissions are from ‘‘non-tradable”sectors: 
residential and transportation.

• On average, energy costs account for only about 2% of input costs for the 
industrial sector. In other words, 98% of production costs are non-energy 
related.

• A recent CEA analysis states that the bottom line is that the evidence is
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against the view that the exclusion of LDCs would have a substantial 
adverse effect on the overall US trade position.

• These increases in the trade deficit contribute substantially to the high 
unemployment numbers, since the DRI model simply multiplies the deficit to get 
trade-related uneraploymenL

In 1992, EPI conducted a similar review of potential economic and employment estimates
of the proposed NAFTA treaty. EPI stated that the available models were flawed and job
losses would result from a NAFTA.

• EPI highlighted the results of al99l Economic Strategies Institute study found 
that, as a result of increased Mexican imports to the US, there would be a net job 
loss of 900,000 by 1999.

• EPI continues to assert that NAFTA has cost the US jobs. In two recent issue 
briefs, EPI states that NAFTA has resulted in a net loss of 394,835 jobs in the US 
in its first three years.

• In fact, after taking in account storing US economic performance, Mexico’s 
balance-of-payments crisis and 1995 recession, and US implementation of MFN 
tariff cuts mandated by the Uruguay Round, several studies, including ones from 
DRJ and the Federal Resereve Bank of Dallas, generally conclude that NAFTA in 
isolation has had a modest positive effect on the US economy. The Adminitration 
has recently announced an increase of 311,000 jobs supported by exports to 
Canada (189,000) and Mexico (122,000) since 1993.


