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Nole fo the teeder from the UNU

Future Global Change and Modelling is an ongoing progsamme (hal aims to have the
United Nations Universily serve as a (orum on the megsteend of globel change and
Siructoeal (ransformation. This pragramme is a respoose to the need o evaluste
recent changes in the perception and structure of the world’s politics, economics,
demography, technalogy, ecology, and ethics. Practitioners of futures recearch have,
over the past lew decades, developed an arny of systematic sod powerful method-
olugles in an efort to understand (he range and probabilities of future global see-
narios. The UNU brings together this intemetional communily of schoses to under-
take Jutures studics of globol change and incorporute & wide renge of varisbles end
mcthodologics to incresse both the early watning and longer-term planning capaci-
tics of the UN system snd policy makess in genersl. :

This book is based on the first of e series of UNU conferences on Future Global
Change and Modelling held in Tobyo in Oclobet 1991. Schalars and representatives
from verious UN agencies snd leading reseatch institutions trom 17 countries dis-
cussed immediate and long-term world problems with simulaton soalysis by various
maodel systems. Subsequent UNU conlerences held under this programme include
Arms Reduction: Economic Implications in ibe Pogt-Cold War Bra, and Global En-
viconment, Energy, and Economie Development.

Modelling global
change

Edited by Lawrence R. Klein and
Fu:chen Lo

. g% Unlted Nations
Z(>' Unlversity Press

TOKYO - NSW YORK « PARIS

.
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Conuncins on chapter 8

sterile and did not go further to cxploit the potential of the simple,
but differentiated enough model. Thus, for example, it might be
intcresting to analyse the cffects of various asymmetric policies, in
which various counlries would face different target levels, or the po-
tential use of compensation schemes (0 induce less developed coun-
Iries 1o introduce abatcmcal measures. For it js highty probable that
concerted internalional measures will be hindered by the pressing
needs for development and economic restructuring of the less or me-
divm developed countries, who on the other hand are eniilling a signil-
icant amount of greenhouse gases leading (o global consequencces,
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Modelling future greenhouse
gas emissions: The second
generation model description

J.A. Edmonds, H.M. Pitcher, D. Barns, R. Baron, aud
M.A. Wise

Infroduclion

The analysis of greenhouse gas cmissions has made' enormous prog-
ress during the course of the past decade.' Analysis has progre_sscd
{rom the use of simple lime-trend extrapolations to the analysis of

‘emissions of several greenhouse gsses with parallel but independent

behavioural and optimization models of cncrgy, manu(nf:luring. ag,'i-
cullure, and land-use systems. Bu( our abilily (o examinc polential

[ulure scenarios of greenhouse gas emissions is limited because

modelling tools adequate to Ihe lask of infegrating anal):ses of lcc!l-
nologies and human activilics on a global scale wi}h regional dclail,
including energy production and consumption, agr!cullure, manu(ac-
lure, capital fosmalion, and land-use, along with the interdependencies
belween these calegories, do nol ye( exisl. ]

The first'generation of models were specially modclls wlhich fucuscd
on a parlicular aspect of the emissions problem without lcg.ar.d_ lo
how thal activity interacted with othet human and naltllral aclivilics.
The Edmonds-Reilly madel (ERM) (Edmonds und Reilly 1985), for
example, is a global energy model in which the productivn of com-
mercial biomass has no inleraction with the agriculture sector or land-
usc in general. The Global 2100, Manne and Richels (I‘)9nu,h,c.d,[
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Edmuynds et al..

I')9l.) Is a computable general equilibrium inodel, hut s limited in its
npp.llf:alflhly beyond energy-related issues. Other cumpuliable general
equlllt.mum models such as Jorgenson and Wilcoxen (1990a,b) focus
exclusively on national issues. Other madelling sysiems .such as
the Almo_spheric Stahilization Framework (ASF) (Lashol and Tirpak
I989)._u!|l|zc 8 sysiem of modcls that provide global coverage of
a_ll emissions generating human activities, but do nol provide a con-
sistenl analysis system in which the interaction between human
aclivities can be analysed. The nuinber of models in use (0 analyse
greenhouse gas emissions reductions is large and growing including
for example: N?rdhaus and Yohe (1983); Fossil2, AES ( 15;86. 1991);
?gjif;, (l?;;r;x)aua;;ﬁalkl(l”l), OECD (1991); CETA, Peck and’
RomeTg al.(l.989). + Scheraga el al. (1991); and IMAGE,
The current state of understanding of the nafural sci
glabal cn_vironmcn(al change jssue irfdica(cs thai ; va:i::cl;czfog'alst:
are asyocialed with potential changes in (he radiative composilion
ol the atmosphere. These gascs include: COy, CH,, CO, N;0, NO
50;, VOCs, chlorofluoracarhons (CFCs) and CFC subsli.(u(cs.‘Thesle.
gases are (clca:cd in the process of 3 wide varicly of human activ-
ities mclu.dmg: fossil fuel production, transfer and oxidation, land-use
change, silvaculture, the application of some lertilizers (o «;rops the
husb'andry of ruminant livestack, the cultivation of wetland rice '-and
speciflc manu(acturing processes such as cement manufacture, r;ylon

* maaufaclure, and chemical manufacture. Moreover, though local air

chcm:s!ry. plays an important role with regard (o very shorl-lived?
gases, il is the sum of ail celcases and absorptions of afl gases b

8ll human activities thal governs the shori-term® sate of change oyl‘
the a!mosPhen'c compasition of radiatively important gases, and the
ﬁrlhs a(_mosphgric cadiation profile. In addilion, the hum.amiv-
Alies thal govern emigsions are dnterdependent. Thal is aclions that
are Iaken in one segment of the economy atfeci other segments of the
cconomy. :I‘_llcsc interactions are likely 1o become extremely impor-
lant if policies are undertaken 1o reduce poteniial future emissions

Por e.xam[.)l_e, carbon (axcs raise great quanlities of revenue. Whilc'
the disposition of (ax revenue can generally be assumed {0 be unim-
portant 1o the scale of macroeconomic aclivily, this is cectainly not

- (he case_with carbon faxes (Bradley et al. 1991: Brinner e al. 199(;

and Scheraga et al. 1991). Other potential poli i

] X policy actions such as fre
planting (o enh?ncc_lhe catbon sink and/or the extensive devc!opf
meal of polential biomass resources 1o replace fossil fuel encrgy

2% .

Greenhouse gax cmissiony

sources, can have suhstanfial inpacts on liind-use, Marland (1988),
Kinsman and Marland (1989), Sedjo and Solomon (198Y), Muulton
and Richards (1990), Adams et ai. (1991), Bradley ct al. (1991), and
Barficld et al. (1991). Finally, il is essential that the relatianship
between technology, instilutions, cconomics, and human activity be
explicitly represented.

No currently existing model is capable of assessing the glubal
emissions (rom all human aclivilies and the major dirccl and indirect
consequences of polenlial policies lo reduce emissions, Fulure anal-
ysis requices 8 more sophisticated suite of models, The new suitc of
models must include bolh a glohal inteprating madel and compatible
regional/national_models. These new models must he capahle af
analysing the emissions of all greenhuause gases from all sources,

- ——— e e 2v e ataa.

including both those of natural and human origin, and pravide an
analysis of the interplay belween the vatiely of human and natural
aclivilies responsible for greenhouse gas emissions. .
The purpose ol this paper is to describe the design of a4 madel, cur-
renlly under developnient, which is capable of addressing greenlinuse
gas cmissions and the polential consequences of allernative policy
oplions. We reler to this model as the second generation nodel (SGM).

Paradigms [or (he SGM

The development of SGMs will benelit greatly from the application
of three simple principles: problem orienlation, minimum modelling,
and parametric modelling. The overriding design principle is thal the
model should be(problem oriented)That is, the design of the madel
should be derived ftom an analysis of the underlying ptoblem. Model
design cannot begin with the sel of available models and then try lo
make the problem (it exisling model characteristics. For greenhouse
gases, the issues to be addressed arc: Whal are global cmissions of
‘greenhouse gases likely lo be over the course of the nexl five (o 100
ycars by 1egion and human activily? What effect will the cxercise of
policy insiruments to control emissions have and whal will they cosl?
\Vhal effect will new (echnologies have on emissions?
Beginning with the problem and warking to the design of the
model allows the implementation of the second design principle,
Minimum modelling means that the mode! con-
tains all of The information pertinent to answer Lhe research question,
bul no extrancous information. If chemical manufscture of CFCs is
an imporiant aclivily in determining the rate and fiming of cl(imalc
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Edhmonds 1 ol ,

chan e it should be included. Moreover, the mode! should b pa-
Lanetrid That is, the model should utilize a database in which ali
parameters are open o eximination and chuange by the user. In addi-
Gion, the m«fdcl should be an opent mudel, The purpose of the model js
nol to p.l’({v.ldc a one-pass forecast of (he fulure, Where complex hy.
man acttvilies subject fo public policy action are involved the future
is lu?damcn(ally unpredictable. The purpose of a (ormal :'nodcl is lo
prnv.lde 9 consistent, reproducible framework in which (o examine
pussible scenarios. 1 is important that model results be reproduc-
thle and that the model be open to public scrutiny, and criticism, and
that all of the parameters be available for inspection and allcr;(ion
by model users. Finally, given the complexily of the model, it is im-
ilv:_:r':am-(o ,usc a :legueminl model developineni_process, l;cginning
a simple model an i i i i

scq"mml[;“hion- d adding additional imporiani behaviours in a
IQ applying the above cited princi les, il is nece i

outlining the pertinent dimensi,t)ms o‘: the greenho:::r:alsoel:igs;rilo:ﬁ

phc_no.mcnon. The critical features vssociated with (he emissions of

I.’l(!lilll\'.(ﬂy importont gascs are as follows:

I. ‘The issuc is global, emissions from all sources in all regions of the
world determine total atmospheric change;

2. 1he .grccnhouse resulls from the emission of muliiple gases in-
cluding: CO,, Cli,, CO, N;0, NO,, 503, YOCs, CFCs, and CFC
substitutes; .

3. cmissi9ns re.sull from muliiple hiunon activig including: agricul-
{ure (lﬂchl‘dlﬂg foresiry), encrgy production and consumption

) :rr:?sssgorlal(;on. mdanufaclure, services, and land-use; l

. stons depend upon muliiple resources and (echn gles in-
;:l:dmg: managed and unmanaged ecosystems, fa';EfSF s?f:ikl:,sa:)nd
abour;

S. crtusxi?ns depend on internationol trade patierns, and possibly
migration patterns; ' .

g. factors 3, 4, and S depend upon _institutional arrangements;

. policy analysis requires both mid-term five-year) and -
(100-year) ime horizons. (fve:year) and long rerm

The second gencration model

In light of the above discussion we have undertake i
light ¢ n the design of (h
SGM incorporating the above-listed criteria into the modil archi(-z

298 ' i
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teclure. The modet is global in scape, with five-ycar lime steps and a
forizon of 2100. All the majur sources af greenhouse gises, as well as
SO; will he modelled. 'The cconamic madel is 3 member of the chss

referred (o as compulable general cquilibriom models, I contains -

secloral detail on houscholds, government, agriculture, encigy, and
other products activifies. Capilal stocks are kepl by vinlage, with
economic retiremenl and retrofit options availablc. Depletable and
rcnewable resources are tracked in addition (o land-usc. Ecanomic
decision makers include houscholds, governaent, and producers. "Fhe
model is regionally disaggregated, with key counlrics represented
individually, Trade between the regions occurs in encrpy, agricnlture,
and uther producis.

Model overview

At base the SGM is a very simple model. Figure | depicts the basic
siructure and flows of goods and services within the SGM version 0.0.

Al the core of the madel are three praduclive scctars: apriculiure,*

energy, and other producls. Thesc, us we will discuss, are disaggre-
gated into 10 sectors in SGM version 0.0. The greatest disaggrega-
tion, eight scclors, is found in the encrgy seclor. The central focus on
energy reflects the centra)l role energy issues ploy in determining the
fulure relense of radiatively important gascs inta the atmosphere.
Apgriculture is similarly handled separslely due to the importance of
agricufture and land-use issues in determining emissions. All other
production is aggregated inlto a single scctor, other producls, in SGM
version 0,0.

The thiee produclive sectors use (hree primacy factors of pra-
duction: land, labour, and capilal, in combination with produced fac-
tors: encrgy, agricullure, and other products, 1o produce final oulput.
Nole that {wo aspects of land-use are considered: surface land rc-
sources, and sub-surface resources, {or example, enecgy resources.

The household sector is assumed to own land, labuur, and private
capilal. The demographic character of lhe socicly is determined
within this seclor. Household supplies of land and labour are de-
lermined on the basis of (he price of these factors, which in turn
determine, with distributed corporale profits, Iaxes, and subsidies, the
income of the houschold seclor. Household savings are also deter-
mined in this secfor and vary with the interest rate. This secfor also
delcrmines the mix of finat praducts to consunie.

299
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Finally, the governmenl seclor oblains 1ax revenues from other
paris of the economy which are either uuginented by borrowing
(or reduced by government savings). These revenues go 10 produce
three government serviccs: general governmeni, nalional defence, -
and education.

The SGM version 0.0 is a self-consistent dynamic model of the re-
lationship between (hese six general human aclivitics.

Emissions coefficienis are applied (o each seclor’s associated svb-
sector and lechnology aclivily rales to derive sectorul, regional, and
global emissions of radiatively impor(ant gascs.

Model development strategy

To reflect the current underslanding of anthropogenic sources and
sinks for radiatively importani gases, and (o anlicipate the potenlia)
for new sources, the madel has been designed with a generic struc-
ture. This structure allows for a flexible number of producltion acliv-
ilics, consumpltion activilies, and markel(s. The implementalion of this
model utilizes the sequential model develapment principle. That is,
the initial model version will be much simpler (han the inlended final
version. Two madel versions are currently identified; SGM version
0.0 and SGM version 1.0. SGM version 0.0 is intended (o provide a
proof in principle for the modelling system. SGM version 1.0 is in-
tended to provide the first full implementation of the SGM system.
SGM version 1.0 will be distributed 1o the public and have a camplete
documenialion sel including: theorelical model description, dalahase
description, sofliware description, and user’s guide.

For both SGM version 0.0 and SGM version 1.0, the energy pro-
duction, trans(ormation, and consumption aclivities will utilize dala-
bases developed in supporl of the ERM, Edmonds and Reilly (1985),
Edmonds et al, (1986), Edmonds and Barns (1990; 1991). In addifion
fo the energy struclure of the ERM, (wo producing scclors, agri-
culture and olher products have been added for SGM version 0.0. For
SGM version 1.0, the number o( sectors will be increased 1o include

. expanded govermnmenl, transporialion, other products, and agricul-

lural aclivities. Rinal demand sectors for invesiment, government,
and households have been develaped. Madel development is antici-
pated 10 proceed beyond SGM versian 1.0, but such model designs lie
beyond the present planning horizon,
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Overview of the SGM structure

Any dynamic model has (wo problems that it must address. It must
describe where the system is at any monient in fime and il must de-

scribe the process by which it evalves. Yhe SOM is a behavioural
Jnadel. That is, jj Aitempts to describe how economic systems behave.
Itis nol an oplimizing model. The diferences beivesy Thete Two ap-
proaches are nol as greai empirically os one mighi expect.? Never-
theless, we have 1aken the behavioural approach 1o developing (he
SGM for Iwo reasons. First, severat extremely interesling questions
can be addressed in a non-oplimizing, imperfect foresight analysis
leimework, For example, the importunce of altemolive cxpeciation
formation hyputheses can he fested, Thal is, there is o reason to
belivve that energy sector decision makers have perfeci foresight. In
fact, the immediately preceding quarter cenfury of energy history
would support the aliemative hypothesis, that is that energy decision
makers have very imperfect foresight aboul key future energy pa-
rameters such us price. In addition, the behavioural models are com-
pulitionally simpler in that present behaviour is assumed to be in-
dependent of actual future events and decisions. This is of course the
doinain in which actual decision makers operate. However, the model
and its assumed behaviour docs depend on anticipated future events
and decisions.*

Sectors, subsectors, lechnologies, markels, and accounting

Al any moment in time a set of relalionships between economic ac-
lors can be summarized in a sel of accounts that are referred (o as an
inpul-output framework. I is imporiant 1o emphasize that the SGM is
A0l a traditional sia(jc {nput-oulput model. The use of input-output
accounting idenlities 'to describe cconomic inferrelationships at a
point in lime does nol mean Ihat the SGM simply uses a sel of static
inpul-output coefficients that are assumed fo remain fixed for an
indefinite period in the future fo determine produclion levels and
demands. Rather, the simultaneous determinalion of [hese input-

EXTIE TSty

outpul coefiicients in conjunction with a consislent set of prices is the
M--r.-

principal’ probléii facing 3 compuiable. general eqiiilibriiim model

like (he SGM. .

Tnl'm%u(pul lable shows the relalionship between the produc-

tion, disiribution, and use of goods and services in an cconomy. A

row-column entry shows (he quanlity ol a good or service agsociated
. e
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;vilh 2 sow by the seclor designated k_:y Il.u: column. If a gnoda :J
service is produced in the econamy, it will have bolhha ro: o
column associated with jt. Some sectors, for example, house 7‘ma|. »
investmenl, and governmenl, may be assumed io consume ncwr el
goods and services, but lo provide no nei output for the .r;st 0 the
cconomy. Some faclors of producliqn. I’.or cxgrnplu, I;\-nd, ll.: our, r::“
capilal, may be ulilized for pro(ducu:n mda;ilrﬁ:c gcnod. ut are

ing current lows of goods and & . )
pfg‘:l‘;’c::;:iing: The accouniing framework for the SGM rc'l:tr:,s 'm:
simple economic relalionships. Fl?l’ example, wie can dclli_r‘\e l(l:‘\'e nmz .
any region (note we drop the regional suhscrlr?l o mf!}r i yd g
(ion) o8 the price-weighled sum of net production of all products,

al S = poc EX; — 1M;)
GNP-“-)::PI(XI"ZAM' =ZP,((.,+G:+’:+ i ih
il i=t =t o

i s National Product; X; is the gross d(_n-ucsuc
‘v:‘oﬂ:cggapo? ;‘::dff::) :; Ay is the domestic use o.[ prc:')duc( iin the
groduclion of producl j; P; is the price ('nl’ product i, N is lher nunc\’t::
of product; C; is the domestic consumption by hvuschalds o {:r.(.) et
i, Gy is the domeslic consumplion by go'vemm.cn( of praduc 1,' '|()I'
the domeslic investment uses of product i; EX; is (hf‘ gro.sshe‘xp:n ; !
product #; and IM; is The grass imports of product i, whic ‘;n. Z:ms
equal fo (he disposition of net outpul among fipal dc:_nan sen“ u;
Alicrnatively, the GNP can be expressed as the sum of payme
the factors of production,

N N N NaM
GNP = E(p,x, - Z p,,q,l,) = Z(TXibu +n+ z P,-A“).

“ =1 =1 JELZ]]
i= F (2)

where 'I'Xibl; is the indirect business taxes; n; is the pn?ﬁ(s includll,ng
nel interest and capital consumplion alllo:n:::c:;;d al:‘:n 3){ is the number
.g. labo }
or’li‘)t:ikfunm‘ryd?;:ﬁi;ﬂ:ﬁ:r:i?:al(e(ﬁe model must address js finding
a set of prices that é};;b@'@r,{?ﬂ"?ﬂ?!ﬂ_ﬂnds_blP!Qd,uc:f:;.nnd
consumers for_goods, services, and primary factors of produciion.
The majot behavioural companents of The model describe (he re i
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lionship between prices, production, and consumption of goods and
services.

Dcfining sectors, subsectors, technologies, und markeis: Poc (he
purposes of SGM documentation we have chosen to usc several
lerms in a specific manner.

Sectors
“STTIOTS Tepresent human activities (hat produce or consume goods

and services. Thete are fwo {ypes of seclors, producing sectors and
final demand seclors;

Peoducing sectors

‘Producing $eTT0is combine factors of praduclion, including the prod-
ucls of other producing sectors and primary factors of praduction, {0
produce nel output. For example, agriculture, energy, and other
products arc sectors in SGM version 0.0;

Final demand sectors -

“Final demand seciors provide final demunds for finsl goods and
services, nnd include households, government, investment, and net
expor(s in SGM vcrsion 0.0;

Markeis/factor inputs

Markets and faclor inputs ate infimately related in the SGM. A mar-
ket exists in the SGM whenever production and consumplion deci-
sions arc determined separately in the model. Each traded good is
slso polentlially a factor of production, although a product may or
may not be used in thc production process in the implemented model.
For example (here may be no net demsnd for agriculiural products
by any producing seclors. Nevertheless, there will always exisl a rosw
eniry in the SGM inpul-output accounting struclure even if the-ele-
ment entered there is zero. Markets define the primary level of ag-
gregalion in the model. That is, all subsectors and technologies (see
descriplions below) in a sector/market produce a single homogeneous
commadity. Markels are defined for each producing sector plus for
cuch primary factor of produclion, for example, agricullure, energy,
and other producis plus labour and land in SGM version 0.0;

Subsectors :
A subseclor exists in the SGM whenever two human sclivities pro-
duce (he same oulput. All subsectors within a seclor face (he same

AV
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i have Jifferent production
rice for outputs, bul would be expcc.:lcd o i t }
?unclions. lo’: example the production of eluciricity using oil, gas,
coal, hydroelectric power, nuclear power, Of sular power. Suhscclor:c
may.be defined for both producing sectors and fnul-demand seclors;

hnologies ' o
:Zi ;'ome8 human aglivitles an additional level of disapgregation is

the number of subscctors for an individusl secior in
:s:;lc“c'il::hreergei:: would nol be exp.ecled fo change from a?;:ly.rns ‘luo
analysis, there will be times in which mt_llllple. non-mutually u;‘c .
sive, technology options should be considered. These opuon:l Iz :
the.same oulput price as the subsectors and sector, bul would hav
individual production functions.

sectors, lechnologies, and markels
zngSg;:la’:;:;zn 0.0 seclors, subsectors, and markets have bcj?l
identificd and are listed in table 1. The technology level of lhc.n;o Ll
has not been separately identificd herc as there s anly onc (echnol-
ugy for euch subseclor in vession 11.0.

Economic sectors

ight energy sectors and (wo non-encrgy .produclxon scc-
':;)r::::l ;Ig:{ielsion g’(') Dala for lhe energy seclors is largely d:,awr:
from the ERM model, Edmonds and Reilly (1985) u_qd Edmurx s e
al. (1986) as updated for Edmonds anc.l Barns (1991). The nm:’-\,nugy
secior of the economy will be (he primary focus ol efloris_ :_n_vec.r;
SGM version 0.0 and SOM version 1.0. Table 2 shows the ad. mora
sectors to be added (o SGM version 0.0 lo create SGM version .l.
Producing sectors can be roughly categorized as being e.uher agn‘c'u';
(ural, energy, or ather-products related. The level of disaggregatio
in each area is driven by lhe need to understand [actors altcc(_nr;g po-
tential future emissions of greenhouse gases and the potentisl con-
sequences of poficy actions (o reduce potentiat future greenhouse gas

cmissions.

icalture
"lelf;‘caagriculture sector produces foed, fibre, and forest products. In
version 0.0, there will be only a single aggregate a‘gm:uhural com-
modily. In version 1.0 there will be nine outpuls, d!saggrcgated 'pn;
marily on Lhe basis of greenhouse gas emissions, The three scc o:
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able | SGAY vecturs, subsectors, end markely model version 0.0 ‘Cablic 2 Seciors and subsectors added tu SGOM veninn 0.0 tu crevie SGAT version
Sector Market Subscelur 10 (0;1
No, i
U] No, Sccior No. Subsecior name Scctor SGM version 0.0 Scctors SGM version 1.0 Subscetors &
; ; Agriculture ) 1 Agriculture Agticoliure Rice 5
Crude oil production -1V Crude vil production by grade, Olher grains Orher gruins =
Eln':: resouree grade is mod- Ruminant livestock Ruminant livestuck %
) . elted as 2 suhsector. « Other fivestock Other livestack
] 3 Qil tefining 1 Conventional oil refining Other food Other fuod j
2 Coal liquefaction Fibre Fihre r["r‘
3 Bioniass liguefaction
4 4 Natwral gas -t0 Natomn) 2o moodun Foresls Furcsts o
production ,.‘essus‘“mh" b Pulp and paper Pulp and puper
grade. resuutee geade ls Wood and waod praducts  Woad and wnad products m
s . modelled a3 a subsecior. S
s Nstunal g tam- 1 Cunventional gas Processed faods Prncessed (ouds o
formution : g:m gasificstion Oihet production Manulacturing Matersials intensive
. pmaw gesiBration ) Qther manufaclusing
6 ° Coal productivn -8 Coal production by geede. Each Passcager iranspot Rais :
J grade is modelled a3 Air
. . » subsecior.
7 1 Hiamass pruduciion 1 Traditiona) biemass g:‘:."-
2 Bfomats waste i i
. \ . - 3 Blomass forms Freight transpog RA?nl
Uraniven produciion .  1-10 Uraniven production and proc o
and refincment esving by grade. Each re- .fr)'l::.k
de i 0 ’
::;::l:n'a e is modelled 53 8 Servioes Slealth and ather
4 9 Eleciric powee gen- I oil services
eration 2 Gas .
3 Coal ¢. Passenger automobile in household sector.
4 Blomas .
s Nuclent N . .. . ..
s Sularflusi closely associated with greenhouse gas emissions are rice (principall
flusion y associaled wilh grecnouse g i
10 10 Other producti 7 Hydio CH.), ruminant livestock (principally CH,), and lorestry (principally
n o o m: :;M‘\:(llon : gher prodisction CO0;). All seclors are associaled with N;0 emissions through the ap-
. 2 D‘::::;:i:"""“ plicalion of lectilizer. Significant quantities of greenhouse gases are
3 Land supply also associated with traditiona) agriculiural technology, in particular
L) Labous supply the praciice of slash and burn. The principal inpuls in version 0.0 will
1 na. Government f Savings be land, labour, and energy. In version 1.0 thesc will be expanded to
2 g;::"i'u:""'"m'"‘ , include festilizer and materials and tand will potentially be disag-
3 Natiansl defedce gregaled into multiple calegories in accordance with soil lypes and
no. il Laboue na. ne. climale.
nas. 12 Land nae. na.
n.a. 13 . Sevingyjinvestmenl nas. ns. Energy
. . . . LY
o :‘l"','::':::"‘:;" l’"‘"“’m fepresent major decisions made within the household sector There will be cight energy sectors in the model. Each of these will 0
ather ector as used in (he other seclors. See section ‘House holds® below far further have subseclors as delailed in Iable 1 lo allow the compeling methods (}J
an

06 . R

for praducing the product in question (o be accuralely modclled.
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Two lIypes of energy (echnologies will be identified, those asso-
cialed with deplelable resources and those associaled with renewable
resources. All energy technologies will be assoctated with a resource
conslraint. A distinction will be made between _reserves and _re-
sources. Reserves are lhose resources where iwo types ol energy

“have heen idenlified and whose location is known and which are
knovm (0 be producible under presenl and anticipaled economic
conditions. Reserves are depleted over (ime as they are produced.
Total reserves are augmented by additions {rom the resource base.
The additions to reserves are determined by grade structure of
resources and technologies available fo extract them. Rencwable
resources are handied in a manner similar (o depletable tesources
excepl thal the capacily lo praduce persists beyond the point of pro-
duction. Solar energy is an example of a renewable energy resource.,
A reneviable resource may be degraded by production, however.
Agriculture, for example, may deplete soils unless investments are
madc (o maintain soil qualiy.

Other producis

In vetsion 0.0, the other producis sector will include everything which
is neither agriculture nor energy. In version 1.0, the olher products
seclor will be broken down into manufacturing, passenger and freight
(ransportation, and health and other secvices. There is the possibility
of further splitting manufacturing into materials and other manu-
faclusing. Inputs will be capital, labour, and cnergy in version 0.0
with materials being added in SGM version 1.0, The principal sectors
are (urlher dJisaggregated info subsectors on (he basis of their im-
poriance lo the greenhouse issue, either because they are major en-
ergy users, or because they are direct emilfers or sinks for a green-
house gas.

Regions

SGM version 0.0 has 11 1egions while SGM version 1.0 will have 20
regions as shown in table 3.

Policy oplions

Because of the pervasive nalure of activities (hat generate green-
house gases, a wide variely of policy oplions needs to be included in

the madel, Making provision lo model these oplions has had a sig- -

3 &
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Table 3 Reglons in SGM raodel verslons 0.0 and 1.0
SGM version §.0

SGM version 0.0

(b usa I. USA
2. Cansdy 2. Canada
). Westein Europe 3. Evuropean Community
§)Iapan 4. Othes Westem Europe
. AusicaliafNew Zea- S. Japan
{and 6. AwsiralioNew Zeulond
6. Eestein Europe and 7. Eastera Evrope
Russia 8. Russia
() China and othes 9. China )
planacd Asia 10. Centsally planncd Asia
8. Mid Eanl 11. Mexico
9. Africa 12. Brazil
10, S. & E. Asia 13. Other Latin Amcrica
1. Latin Americe 4. Indonusia
1S. tndia
16, Philippines

12. South Karcs

18. Other S. & E. Asia
19. Middle East

20. Africa

nificanl impacl on the structure of the model. Ia addilion to the usua!
tax and regulatory oplions, provisions have been made in the SGM
struclute to model such siralegies as carbon sequesiration by refar-
esfation and afforestation, and biomass energy production, and man-
daled lechnologies and praciices. The SGM is also designed to ex-
plore the consequences of changes in real govemment expenditure
palterns/or complementary reduclions in non-grecnhouse laxes.

Theoretical structure of the model

The SGM employs a generic production-cost siructure to (acilitate
the continued developmenl of the model with a minimu!n of code
changes and a flexible modelling response to the wide variely qf po-
tential analyses that may be required. The core of the maodel is the
description of production activities. These activities are .descTn_bcd
by.a gencric production-cost relationship. This lglallonshlp uuhz_cs
the theory of duality to describe production (unctions alternatcly in
physical or financial terms. :

W
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The generic production/cost relationship

The generic_production/coss_(G PC) relationship uses' information
about prices, technology, and previous invesiments to compute levels
af production and consumption of commoditics as well as demands
for invesiment in new capilal stock. Produclive: activities are de-
scribed by (unctional relationships in the SGM which are referred to
herealter as technologies. The ferm technology is used here (o cover
u hroad array of activities including everything from the production
of iton and steel (o the production of rice. Technologies, as described
carlier; are the fundamental unit of disaggrepation-in the madel.
Each scclor conlains at lcast one subsector and each subseclor con-
(2ins al least one (echnology. Por SGM version 0.0, there is only onc
seclor, warkel, subsector, and technology for the production of agri-
culturat outpul. For (he production of clectricily, there are seven
subscctoss each of which can potentially utilize multiple techaology
options. The SGM keeps sll of ifs informalion on productive capacity
at the technology level of defail.

The SGM uses a yinlaged description of technolggics. This has a
number of important implications. First, il means that history matfers,
When a technology is installed it remains in existence and can be
opcraled unlil its refirement. New lechnologies affect productivity
primarily a( the margin, They can only allect hislofical decisions if
they are so aftraclive (unaliractive) that lhey force prices down to (he
point where existing technologies are retired early (undergo life ex-
lension). Another important implication is that once installed, capital
stack_is nol malleable. It cannot be shifted around from one sectot
of the cconomy 1o another. In fac(, once installed, capilal cosis no
longer matter. In other words, once the technology is installed the
tlecision Lo operate or idle » lechnology depends solely on the ability
of the technology 10 recover its currenl operaling expenses plus laxes
and less subsidies.

A technology is described by an array of characteristics including;

- production function parameters;

. emissions coeficicnis;

- capifal investment parameters:

- installation paramelers (e.g. date of first availabilily, datc of re-
moval from (he Jis! of oplions, nominal lifetime, tength of installa-
tion periad); and .

3. vintage.

B W N

- A lechnology option can be described by the information confained

A ep
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in parameter sets 1, 2, 3, and 4. Once installed, the operating chac-
acleristics of a technology can he described by parameter sets §, 2,
and 6.

Within the GPC rclationship, the producing sectars all follow the”

same general struclure. There are, of course, some characlerislics
that are specific (o a seclor or apply onfy 0 a subset of scciors.
However, the basie model structure is sufticienlly general Lo uccom-
modate the preductionfcost and operating characieristics of the vari-
ous producing sectors in its parameter sct. ..

The sectors represent the highest level of sygregation of pro-
duction characteristics in the GPC. Within the GPC framework, these
production sectors are disaggregaled inlo ane or more productionf
cost subseclors. All sectors, subseclars, and technulugies praduce
commaon oulput and (acc a comman exiernal niarkel price for pra-
duced outpul. The GPC structure allacates investmeni o lechnal.
ogics bascd. on. privs investment hislory and relafive profitability®
“using a logil markel-share allocation.scheme.. o

“""As"an example of this sector-substctar hicrarchy, consider an
clectricity production scctor wilh subsectars for coal, ail, nutural gas,
biomass, nuclear, and hydraclectric power. These subsectors all pro-
duce electricity, and they all ceccive the same price for the clectricity
they generale, These subsectars do, however, have q.uilc dirrcrcpl
operaling and inpul requirements for producing electricity, which will
in turn affect their relative profitabilities. The allocation of invest-
menl among these subseclors in the GPC will reflect these differences
in profitability.

Each lechnology is represenicd by 1 vintage-dated, constant clas-
ticity of subslitulion (CES) production/cosi functian (one for each

ds3 373Llibg WY20:S@ 86. 21 §34

vinlage of capilel stock in operation). Por cuch lechnologystechno) o 4

Usgical changeyhrough lime can he capiured in the model thraughi the

CES'prodiction function parameter set. In SGM version 0.0 both an

initial set and a terminal set of CES cocflicients or parameters is
specified for cach producing subsector, For any l'u(tfre vintage, (he
"CES coefficients used arc a time-dependent interpolation between the
initial and terminal values. Different technological change scenarios
can thus be modelled in each subséclor by varying the lerminal co-
efficient values and the lime required lo reach these terminal values.

The gencral execution path for the GPC s to (1) determine dcsifcd
levels of investment in new capacily, (2) operale the new capacily,
(3) retrofit exisling capita) siocks, and (4) operale or relire existing
capital stocks. : ¢

i
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‘The CES productionfcost-function

The CES produclion (unction can.be written,

I ife ‘
Xs = ao(zau\’.’) . ®3)

i=1

where Xs is the gross output of the process; X; is the use of input
laclor i ap is the scale coefficient; o; is the individual factor co-
efficients; and p is the elasticity of substitution parameter.

Profil maximization implies that,

aXs .
P.'=Po‘—37[-. i=1,..N-M, )

where P, is the price of ith input; Py is the price of outpul; N — M is
the number of vasinble factors; and M is the number of fixed factors.?
Peolits can be wrilten as,

HN-At
n= PoXs — EP{X[. (5)

=l

By judicious application of algebra, and equation (4), profits can be
expressed as a (unction of price and the quantities of M non-variable
{actors of production via,

. (=" -Un N s
n=ePo] ~ (Paao)p(z u,("l')l’,'")} ( Z: a,Xf) .
=1 =

NoM+)
where ’ _ (6)

=t
n=y= ™

It is well known that the partial derivative of this expression with re-
spect 1o the price of the ith input is the negalive of the tolal factor
demand, thatis

on
ap, =~ | ®)
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The demand for the ith [actor input to the production process cin
therefore be calculated directly as,

_ a H/P(Y) 1-¢ . .
X,—(aaPoP‘) 7 . i=1,..N-M, 9)
where '
N .
Y=Y aX, (10)
JaN-M4)
and
N-M )
Z=1—(aoPo)"(Eaf”Pr")- (n
iz .

The above equations can be used to model both operational decision
making and invesiment determination.
Expecled future profils from the operalion of a lechnology which

employs
Xy = (Xn-M114-- -1 Xn)
fixed (actors over the course of T years of operation is simply,

r ]
o) = 31550 (2

(L8]

where n(x;, ) is the profil rate consisten! with cxpected (uture prices
in futlure period ¢ sad dis is the discount rale.

Investment and operaling decisions

Once a technology has been installed, operalion is determined by Lthe
get of factor prices (or variable factors of ptoduction, and the quantity
of ihe fixed facior employed. The delermination of (actor demands is
therelore a relatively simple mailer. Investmenl decisions however
ate nol so simple. These are delermined bolh by the present set ?I'
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factor prices and the set of expected future factor prices exlending
ont over the expected lifetime of the invesiment, In the SGM, there
are two types of invesiments, investments in new capacily and in-
vestments in exisling capacily, in the form of retrolit and renovation
(life exfension) invesiments. The existence of relrofil and tenovation
(life extension) invesiment allernafives means Ihat present oper-
alions are never simple, and that the technology chosen for an addi-
tion to new capacily may be substaatially nltered hefore its ultimale
relitement. The analysis of invesiment alicrnatives requires a mech-
anism lor the delermination of expectations regarding future prices
and raxes.

Future price and fax rafe expeclations

In cach scclor, investments are allocated among subsecl(ors on the
hasis of their relative expected profitabilitics. Therefore, investment
ducisians for ench subsector require expected prafit rate calculations,
which require expected prices and taixes for all inputs. For an open
ecanumy the purchase price of the good produced by the ith sector in
region “1* is given by:

Vig = & P{1 + 84Tv,)ixa,0 + 1xbyy), (13)
vihere ay is an adjusimenl factor to reflect markups and intra-
regional transport costs; Tr; is the imporl transportatioa costs for the
ith guad; &1 is a logic driven parameler whose value is 0 if the tegion
is 8 nct exporter, and | otherwise, (xa; is the praporfional tax on the
ith product in region 1; and 1xb,, is the additive tax on the ith prod-
uct in region |. i .

Obviously, the price received by the producer of the jth good is
simply,

Piy = Pl + 8Tr). {19)

The direct computation of n.(f) is cumbersome. An approximalion

of this valuc can be obtaincd by subsliluting a set of present dis-
counted prices direcily into the profit function. This yiclds an exact
.solution when ji = 1 (see equalion [7}). The present discounted price
for product j (cither an input or an oulput), Py, is calculated by,

oA
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Ty
Pe;u(T) =

=

L+r ! (15)
Py(t) - { ) -
: 14 to) (l+d|s)

where To,p is the nominal life of the invesiment; ¢ is the rate of -

expecled price change; and’ dis; is the discount rale for that sub-
ector.

: As noted above, the nominal life of the invesiment is a paramelter
of the lechnology. This parameter value moy be dim:rcn.( from the
maximum potential life of the technology. The lax rate /x is an exog-
enous variable. Bolh' the rate of expected pricc change r; and the
discount rate dis are behavioural variables. Expeciations 91‘ future
price and I2x rate expectations are assumcd lo be formed in one of
two ways. Eilher they are given exogenously, and ESSI.Jm(fd kaown, or
they are formed on the basis of prior expericnce. This yields four al-
ternsfive formation assumptions for future prices and laxcs of inpuls
and outputs which can be created hy combining assumplions |, 2, 3,
and 4 from the loltowing matrix:

Formed on the
assumption thal
previous B periods
rate of change will
continue indelnitely

Given cxogenocusly

Prices 1 3
Taxcs 2 4

Notle thal whenever price of tax expectations are formud on the basis
of prior experience, the period of prior experience, 8, must also l?c
specified. For B = 0, present prices or laxes are assumed lo remain
consfanl indefinitely. Furthermore, it is possible 1o run the model in
an iterative sequence to develop a perfect I‘orcsighl_ sct of exoge-
nously specified set of prices. This would be accompfished l:_oy speci-
fying prior solution prices as the set of cxpected future prices and
ilerating until stabilily is reached. ) .

We feel that the ability to model behaviour in which price cxpeci-
alions are formed on the basis of imperfect foresigh! is important.
The period of time between 1970 and the present is marked by
decision-making on lhe basis of llawed foresight in caergy markets.

(
3Is
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Furthermore, the efectiveness of fax and regulatory policies may in

fact depend on the i i
commi cxpectations formed with regard to long-term

The relationship between 1he discount and inlerest rates

The discount rate and the real interest rate need

great de.nl 9[ behavioural literature suggests lhsl'::te:eet‘aht:: ammae. l?l
facl.b.e significantly diffesent from esch olher, Lind ( 1983), Meier ind
Whiltier (1983), Hausman (1979), and Gately (1980). To'rcﬂccl this
phcnomunqn. the discount rate, dis, will be linked to the interes! rate
calculated in the model, interest, by a constanl factor of addition

re {
'BL [Ile SEC Ol-speClllc dISCOUIIl rale lol re"ol" |nv“h“6“($. w'"

dis, = interest + fac,. (16)

The add-on (aclor for retrofit
1 investments need not be |
the add-on factor for new investments. he some as

The expecled fulure profit rat i .
technology P e for a capacily increasing

The expecled profi i i i
o givenpby, profit rate rclalive 1o Ihe capital cost, X, denoled as n,,

" NR,
ﬂ' [
X (17)

and

NR Nl T
S = wPes [I — (Peotig)?/1-2) ( ¥ a.g/u—p),,e’—(p/u-a)))] -
i=1 '

N e -
x (!-N-ZM“«:Atf) {1 - ). (18)

where NRe is the expected net reven }
VRe ue, ix is the profits {ax rate, there’
ure M lixed fuctors, and the other N — ‘M factors are variabfe fac(oerr:.

6 \ o
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1n version 0.0, there is only one fixed factor and the fixed fuclor term
reduces 10 af'/?.

When investments in new capacity occur over more than
one period

For mos! investments the decision to iavesl and the initialion of op-
eration can be assumed to occur within a single five-ycar lime slep.
This is not slways the case. For example, the consiruction of nuclear
electric power planis may require more fhan five years from stas! ol
conslruction to first production. Foteslry similarly requires more than
five years belween the time of initial investment aad the time of
harvest. Each of these circumslances requires a somewhat diffcrent

approach.

Extended construction time

When (he conslruction fime for an addition to capacily extends over
Teomrucs periods then fhere is an evaluation of the investment in each
of lhese periods under the assumplion that the fraction of tolal in-
vestment required in each period is equal. That is, il the total invesi-
ment in the new capacily is taken fo be K, and the conslruclion lime
is Teonstrvers then in each period an investmenl ol

Ko =K / Tcou"uu

is assumed to be made. If the investmenl is expecied to be profitable
in the Girst period, then construction begins. The present discounted
value of the invesiment requirement is then,

K (Teeearon—1) 1 ]
- — = R - ] » ‘9
K., (Tcomm:l) tex) (l + di‘) e a=th Temon (1)

where, ( is the investment period in which the invesiment decision is
being made, ¢ = 1,... Teoenawti and fc is an index of periods of in-
vestment remaining, £ = 1,..., Twomiwa. Note that as each period of
construction passes, the expected profit rate will tise, other things
being equal, because previous period investmenis-become sunk cosls.

Expected nel revenues from operalion of the invesiment musl also
be discounted by a factos,
i [
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(Hiavewi =) 1
—= jlc
"_Z| (l + dls)

"I:he growth-harvest decision : .

I'he growth-harvest decision problem does not occur in SGM versio
0.0), as all agricultural activities are aggregate. In SGM version 1.0, a
fu.rcslry seclor will be disaggregated and this problem will oocu;' ‘ha)
lhus.casc an investment accurs in period #y, bu( no revenue is rec.ei;/cd
unlil Thorveste BUl Thanen is nOL predetermined. For growth-harvesi

roduction functi i i i
.f:nd ton functions the production function given by equation (3)

(20)

t=1,..., Toonstruct-

ay = a(C,, C,_y, Atmos,, Almos,_,f — fp),

wln?rc a is now a function of a vector of climale and almospheric slate
ymmblcs. and thc amouni of tlime that has elapsed beiween the initial
n:::cslmcnl. fn, and the present period 4, C, is a vector of climate vari-
ables such as for example, temperalure, precipilation, soil moisture
:r':ozv:pqlranspiralion. for { =1,/ - 1; aad Atmos, .is a veclor of
eric sfale vari i
almns::hcric cor r::llal;lc:lsfc:l- as for example the concentration of

The expected profit rate for an investment in a growth-harvest ac-

livity is determined by equations (18) and (21) usi

i using (h

price yeclor far the polential harvesl Tharves: plriodsgin :h:xf?:::ccc’
and discounted by the value, ‘

Triime
discounttscor = 3 (1LY’ (22)

& \l+dis/°

'::e v;luc ol n1, can be computed for any Iwo potential harves( peri-
° 37._ hacrew, and 7}...".'., + 1, denoted respectively n,(Therves) and-
e{Thatvest + 1). The maximum potential value for n, can be estimated

by beginni i - . . ¢
w{cncg"::'“g With Therven = 1, and increasing the valué of T

A Thareen + 1) 2 "r(Thnml)-

Invclslmenls with a maximum value for n, > 0 are included in the
povl of sector specific competing investments. .

38 |
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Resource constrained technotogics

Many economic aclivities lake place against a background of rc-
source constraints. This is of particular inferest in the ficld of encrgy
economics, bul is in no way limited (o the encrgy scclor. Far example,
the tesource base for conventional oil is ultimately finile, and cumu-
lative production from (hal resource buse may polentially approx-
imate the tolal resource oves the period of analysis. Fossil [uels are
an example of a depletable resource. Renewsble resources, such as
solar, wind, tidal, and ocean thermal encrgy conversion also exist.

For renewable resources The resource is avaifable in each period in-

dependent of consumplion during the previous period. We will define

depletable and renewahle resources as fallows:

- Depletable resources: A deplelable resousce is one in which the
consumplion of the resource in anc periud affects potential coa-
sumption in the next period.

— Renewable resources: A renewshle resource is one in which he
consumplion of the resoucce in one period dues nol allcet potential
consumption of the resource in the next period.

_ Desaibing the relalionship between resources and praduclion is

important for such aclivitics.

Depletable resources
For depletable resovrces the tolal résource available (or consumplion

over all periods is the sum of (he resource available in each grade ol
NG grades, -

¥G
Ri=) R
=)

(23)

where R, is the total amounl of resource of type i which could be
polentially recovered under any possible conditions; and R;, is the
total amount resource of type i, found in concentralion ¢, or higher
up 10 ¢,y 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, RY.

Undiscovered resources are denoled as RU. Thus,

Ri = RE; + RU; + RV, (24)
Ri,‘ = RE)‘.. + RU“ + RVf,,. (25)
L
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I the madet each sector that produces u depletable resousce has
u dilferent subsector for each grade of the resource, For a given
lechnology, the grade of the resource is reflected in the value of
ay = ay,, in the production (unction. Desired extraction from each
resottree grade is delermined by the expecled rate of profitability.
The praduction function implicitly includes the cost of converling
undiscovered resources into reserves. Praduction occurs oul of re-
serves as determined by profit maximization subject fo the constraint
imposed by total investment in cach vintage's produclive capacity.
The produclion activily occurs only [rom rescrves, and shifts re-
sources (tom the resetve category fo (he extracted calegory.

Because of the muliplicity of resource grades and the existence of
substitules, there is no guaranice that the price of a dupletable re.

source will rise al a rate equol to the rate of inferest, the *hotelling’
Tesult.

Competilion among capacily increasing investmen(s
within a seclor

As discussed carlier, the seclor is the highest level of aggregation in
- the modecl. Suhsectors are assumed lo produce an essentially homo-
* geneous product within the sector. For example, in SGM version 1.0
it is expecled thal there will be four different types of freight trans-
port: 1ail, air, truck, and other. Bach will produce a common uvnit
of oulpul, tonne kilometres of (reighi transport. Obviously, this
assumplion violates physical realily. Nevertheless, it is intended o
caplure the essence of the system. For cach subseclor, there also ex-
ists an additional lcvel of disaggregation, which we refer to as the
technology level. Technologies compete within the confines of an in-
dividual subsector, and in turn delermine the overall profitability of
the subscctor. A logit funciion is used to determinc the share of total
sccloral invesimenl each (echnology obtains. That share is given by:

S (nl'.kch/ N, !l!h.Nn)
Ltrch = NO

Z(ﬂ].,m:h /NlﬁdyNu)
=T

, (26)

where m; i< is a metric of the characieristic upon which compelition
is bascd f(or technotogy, lech, in subsector i, N, is the number of

[P
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subscctors, N, is The number of (echnolugivs compeling in sub-
sector {, o is a sensitivily parameter, and

Nyy .
NO =) N, 1)

i~

The logit function is homogencous of degree zcru. That is, any sculer
change in the values of all m;,. leaves the values of all siy.n un-
changed. For values of a equal to zero, 53 = 1 /(N‘,N.“..,).. Il preater
vafues of nj enhance market share, then the vqltfc of g is taken (o
be non-negative. (If greater values of mn diminish markel share,
then the value of o is (aken lo be ncgalive.) As the value of 7 ap-
proaches 0o, S approsches ane Tor (he largest valae of Moreke

In this mode], we will use e logit function to defermine the

“ share of a sector’s tofal investment spending (hal is allocated to

each subscclor, that is lo say each compeling technology uption. The
independent variables (hen are the profif rate values qf n oblained
catlier. In general the value of ¢ will be sel (o reflect cxisling market

_sensilivity.

Aggregale seclor investmenl in new capacily

Aggregate regional sector investment levels are determined by using
an accelerator from the previous peciods fotal investment. Specilically,

Kooty = Kia, + baseratey - flexp(mi)); . (28)

where K, is the tolal new invesiment in seclor i, in period l-!- l;
baserale is the base rate of growth of invesiment; and f(exp(n)) is a
function of the expecled profit rate, exp(n). :

We do not prejudice the determinalion of either baserate or the
function f(exp(n)). For present medel development we use,

K,
baseraleyy| = ok (29}
* K(Dl,.l

The expected rale of profit is takeri to be the average expecied profit
rate which js given by,

: NO 1o
exp(nrar) = byt = (E"l..m) ) (30)
i=l

. (
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where n,, is the profit rate for (he fih technology (taken over all
suhsectors), in period . This derivation is given in Clarke (1991). For
SGM version 0.0 we use,

flexptman) = (22’ j o

7y
whure « is a seositivity parameter.

Retrolit and renovation invesiment decisions and the
operation of exisling technology vintages

lfor existing technologies, or technologies with capacily already in
place, there arc four possible outcomes in any period:

1. Operate without change,

2. Retrofit and operate,

3. Idle the capacity, but do not retire,

4. Retice \he technology.

The determination of operating mode depends upon the behavioural
assumplions. Given the five-ycar time slep in the model, it has been
decided to climinate option 3. In other words, producers will either
operate a vinlage in the current period or retire that vintage.

For markel cconomies prolil maximization is the behavioursl
paradigm. For invesimenl decisions this means that NR is maximized.
That is, existing technologies will continue to be operaled as long as
. current operating costs can be covered, ualess otherwise prevenled
fmm. duing so. They will add refrofit technologies cither if they are
required or if they add (o profitability. The behaviour of command
cconomies is similar, except thal (1) substantial subsidics, in both the
casi of inpul factors and direct subsidies to (otal operating costs; and
(2) aflucativn schemes where administered prices do not clear mar-
kets are an imporfant determinant of economic behaviour.

Retrofit technologies ‘
Retrofit technologies are the principal complicating factor in (he
analysis of existing technology operalions. ‘The level of operation of
the lechnology is assumed (o be identical (o the paren( technolopy.
The udditional capital cost, celative fo the original capital cosl, is a
Iccl.nnofugy paremeter. The presence or lack of presence of retrofit
aptions does nof affect the base production or cost functions. .
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New retrofit options can he incorporated into the operating struc:
ture of the technology il they cither arc required o are delermined (o

be profitable. 1 retrofit technolugics are nol requircd, then it must e |

determined if the base lechnology will conlinue (o be operated. If
the base lechnology can cover current cosls, it will continue lo be
operated, even if ils present discounled expected fulure revenues are
negalive. If it cannot cover present operaling cosis, then the lechnol-
ogy will be retired unless some retralil package can produce a present
discounled expecied [ulure prolit. ;

Under some circumstances the present technulogy may cease o he
an oplion because 8 retrofil lechnolngy must be applied. In such cases
the technology will be relired unless some relsolit package cun pro-
duce a present discounted expecled future profit just as if the basc
technology had been unprofiiable in the cuerent period.

To evaluate retrofit 1echnologies we make the following calcu-
lations. Consider an exisling fechnology of vintage V, installed in
period V, wilth nominal lifetime 7, in existence in perivd 1. Vo de-
tecmine (he profilability of refrofit options fac 1hat technology, we
begin by compuling,

r—( Y
Po=P0): S (k) M4mOl it N 02
=1

Note thal a set of expecied fulure prices for relrofil Iechnologics may
be different from the sel of expected fuluce prices (or the base lech-
nology due to different discount rates for the lwo activilics. That is,
some (irms may have u higher discount ratc for refrofit (echnalogies
(han for new base load investments.

Bcecause cach relrofit technology can affect the original technology

. is » wide variety of ways, the tolal lechnology, thit is fncluding hoth

the base (echnology and a package of retrofit options, is given hy a
sepsrate CES production funclion whose nel addilional capital cost is
some [raction of the original capiltal investment, and whose lifetime is
the expected lifelime remaining on the original technology.

The general formulation for profit with u fixed faclor CES pro-
duction function, as given by equation (6), is used {0 compulc a value
of m,om for each lechnology with a retrofit option. Nate that for
reirofit = 0, the expected fulure profil for the base lechnology is
given. If any relrofit technology has a posilive present discounled

€
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expecied profil higher than the base technology, then the retrofit
technology package with the highest expected fulure profit rate is
selected. I( expecied profils are negative no relrofil technology is
adopled, and il either the base technology is unable 1o cover present

© operating costs, or is no longer available due to mandated retrofit
actions, then (he technology is retired.

Renovation
Renovation is a special casc of the general investmenifretrofit prab-
lem. Al the end of T.,, years of service (he technology musl either be
.lch'rcd or renovated. Renovation takes the form of a one-time capilal
invesiment, thal occurs in the Tesplh year of service. In elfect, how-
cvcr._lhe retrofil option can be thought of as compeling with ofhes
ncw investimenl opportunities with the production function coeffi-
cients of the original technology, a capital cost of Ke,ns, and Testend
yeurs of expected life. The profit rate is computed using equation (15)
ar\d expected fulure prices based on an expected technology life of
‘I.,..c,-“. years. Of course, more than one life-exteasion technology op-
ton is possible. In the case where mulliple options are available, the
technology with the highesi expected profit rate is chosen.

The present operaling profitability, NR, is still compuled from
equation (6). The operation, retitement and retrofit logic diagram is
given below:

NR>O NR <O
Operate and Retire

>0 Refrolfit
n<0 Relirc Relire

:l’hat is_. the le.chnolog‘y will be retired unless it both can make money
in the immediatc period and is expected to add (o Ihe wealth of the
sector over ils expected lifetime. :

Greenhouse gas emissions

As disct{s:ed earlier, the greenhouse issue is complicated by the fact
that a wide atray of gases are associaled wilh the effecl. We make no
altempt to discuss eilher the nature or the extent of the cect various

LR i
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gases have on the radialive balance of the earthfaimosphere cnergy

balance, but simply note that the following suile of gases will be

considercd. . )

-~ CO; emissions (rom [ossile fuel and biomass combustion processes.

- VOCemissions resulting from energy production processes, selecled
manufacluring processes, some combuslion processes (mainly of
pelroleum based (uel in internal combustion engines), and from
selecled natural processes.

- CFC emissions from Josses from refrigerafion and air-conditioning
equipmenl, foam blowing, aerosol propellants, cleaning solvents,
and fire extinguishers,

- CHy emissions which emanate {rom the praduction and distribu-
lion of natural gas, mining of coal, from (he raising ol ruminant
animals, the growing of rice, from sanitary landfills, and from
combusiion processes (principally biomass burning). _

-~ CO emissions, most of which emanale from incompletle combustion
of carbon-based fucls, principally in the transporfation scctor.

-~ Nz20 emissions [rom combustion processes, fertilizer use, and se-
lected natural sources.

~ NO, emissions from combustion processes —~ especinlly from clec.
(rical power generation and in intecnal combustion engines.

- SO, emissions and consequeni sulphate transformations so thal
alhedo changes can be monilored.

Greenhouse gas emissions cueflicients will be included with cach
technology description. Emissions will be assumed to be proporlional
(o either the scale of input utilization or outpul of the technology.

Emissions can be calculated simply as,

NS NSS(L) Nalf o)) ¢ Nt

Ema=32 2 2 L2

t=l ar=l techal wvmVp j=l

(em., 1,9, lu:h,]xi.u,l«h.l. ), y+fm_i. s, kth,"xsi.ll)l (33)

where, em i1, is the lechnology specific emission caeflicient for
emission m, in sector /, subsector ss, using lechnology lech, with input
J+ Xi,1s,00ch,7,1,v 18 the input demand for factor j by sector i, subseclor ss,
using lechnology fech, of vintage v, in region 1, [ u.1ceny is the
technology specific emission coefficient for emission m, in sector

1, subsector ss, using technology lech, producing output j; and

4
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Xsi.reaet,,1,v i5 the outpul of good j by seclor i, subsector ss, using
technology tech, of vinlage v, in region 1.

When cinissions are releascd costlessly into the almasphere they
lave no effect on cither the cust of production or the optimum de-
nind for investment goods. Releases need not be cosiless. Like other
inputs and oufputs [rom the technology, emisslons may be priced.
Emissions coefficients have been refated 1o individual technologies.
This is because (he determinants of emissions can be relatively com-
plex. This is cven he case for emissions as simple s fossil fuel com-
bustion carbon cmissions. In general the release of carbon fo the
almosphere is considered to he proportional to the encsgy conlenmt of
the specific fuel by a lixed rulio and (herefore largcly independent of
the technalogy in which the fossil fuel form is caombusied. This need
no! be the case. Emissions capture technologies exist, and the rate of

release of carbon to be almosphere per unit of fossil fuel energy.

vombusted may therefore vary by technology.

On the presumption that emissions can be measured and therefore
cosly can be assuciated with them, emissions fees would afTect the
cost of production. The cffect of fees will be reflected in a2 mod.
ilication to cquations (13) and (14). Foc consumers of the Jth product
in the ith sector the cost would become,

EM
”l'.u.u\-h.!'-l = g P.(I +64.| Tr,)lxa,-., +be,‘| + Z‘m.l.u.luh,] um.l,u, sech

(34)

where Py, wen 1 = the price of good i consumed in sector i, sub-
seclor ss, using fechnology tech, in region 1. For producers, the
inconic from the sale of the jth product produced in sector i is,

EM

Piasech g = P{1 4+ 8iaTr;) - Zﬁn.l,u. tech,j KXo, i,51,10ch, /.1 - (35)

e

Final demand sectors
In addition to the sectors Ihat produce goods and services, there are

three finsl demand sectors, households, government, and foreign. As
is the case with the directly productive sectors, final demand seciors
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have demands for goods and services and can produce goods and
services. We begin with |he governmenl sector, not tfccausc the
analysis of fhe hehaviour of the government sector is simpler than

that of the household, but rather because our modelling approach (o

this seclor is simpler than thal of the household sector.

Governmenl

Expenditures by the budget of the gavernmenl sector must sidisfy the
(ollowing identily:

N
Txtnl - Sgov = Tan + Z ”ixl.guv- (3(‘)

[}

where 7'Xo is the 1013l of all nel tax revenucs, where sultudlcs are
measured S, is lhe net government savings, or: for negalive valucs.
cquals nel goverament borrowing, nnd 7R,y = ix transler payments

. by the governmenl.

In SGM version 0.0, S, is assumed to be zero. In SGM Version

1.0 this essumplion will be relaxed. .
1n SGM verls‘ion 0.0 transfer paynients are assumed [0 be a function

of demogsaphics,

POPs_+POPgs, \* POPm,)"(Y.,.m,.)’n
POPIGI PO Plpq PO Plul
(37)

TReor=F,POPLY (

where POP,,, is the lotal poputation; POP)s. is the popula_uon under
age 15; POPgs, is the population over age 65; POPysy, is the pop:
vfation whase personal income is 25%_ or less lhan_ the mean;
Yewonal 18 the personal income; and fi; is the appropriate empini-
ermined coefficients.

cs!g\: eglovemmenl is modelled as producing services. In SGM ver-
sion 0.0 there are three services produced. In SGM version L0 this
will be expanded (o five. These are given in (able 4. 3

The demand (or goods and services by the govemment scetor is
modefled as a constrained optimization problem. Government max-

4
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Tuble 4 SGM government subyecfors version 0.0 aad vesston 1.0

SGM version 0.0 SGM venion 1.0

Guenerat, National Defence, Education General, National Delence, Education,
Infrastniciure, R&D

imizes a wiility {unclion, presumed {o be CES in SGM version 0.0,
delined over the three subsectors (general government, national de-
fence, and educslion), and subject o the net income given by equa-
tion (36). This can be represented as,

NGS Wy
G = (Z 6.!'6:) , (38)

JT =Y

where G is the government ulilily, an unobservable vaciable; G,, is
the praduction uf government service 353 8, is 8 scale parameter; p is
an clasiicily parameter; and NGS is the number of services produced
by the government.

Governmenl services are assumed (o be produced with fixed input-
oulpul coeliicients. Thus the cost of an additional unit of govemnmenl
service, lype ss, can be computed as simply,

R
Py = Za;.,‘,,P b _ (39)
iel

where P, ,, is the cost of the nex! unit of governmenl service ss, that
is Py is the price of input / in the production process; and g, 4, is the
amounl of inpul { required to produce government service from gov-
ernment subseclor ss,

Because the cost of producing the next unit of governmenl service
is constanl for any set P;,” the determination of govermment demands
for goods and services is greatly simplified. This problem can be
slated as one of maximizing wiility subject 1o a budgel constrainl,
equalion (36), maximize G(G\, ..., Gncs), subject to

NGS
TXo — S.ov - Z P,,nGu =0. (40)

Itm)
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This problem _has a simple solulion,

NGS -
Gy = (TXio1 = Sgor — TReax) B Pl (Z [J,,P;‘”) , (41)

g}
where f§,, = 6,"""") andy = pf(n-1)."Y

Households

A great number of decisions are carried oul in the household scctor.
These include the [ollowing:

1. Demographics

2. Labour supply

3. Land supply

4. Household savings .

S. Household demand {or fina} products _

In SGM version 0.0 the determinatioh of the dc.mogmphlc charac-
teristics of each region’s population, and ifs supplics of )étfour. land,
and savings are handled sequentially. Only }he composilion ol de-
mand for final goods and services is handled in 8 holistic ul_lh}y max-
imizalion framework. Because the dcmographm characteristics of a
region’s population are an important determinant of olher household
behaviour we discuss this element of the model firsl. We (hen can-
sider labour, land, and savings supplies. Thesc fa_clors delermine dis-
posable personal income alloceted {o consumplion, Finalb:, we de-
scribe (he determination of final demand lor goods and services.

lu .
'lr);:’ :irr:‘;zraphic companent of the house.hold sector delcrm}:ncs-
populalion in a region by employing assumplions w.nh regard (o three
characteristics: survival rates, ferlilily rates, and migration raics. For
any period, /, total populalion is given by,

. . NAGB (42)
Poplnu = Z Popuc.nnlu + Popuc.fem-lun
sges|

i i H P Ies is the
whete POP ks is (he males in age group age; POPyge mutes
females in a.?onéroup_age; and NAGE is the number of age groups

defined. ¢
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Fur the youngesl age group, age = |,

HAGE

Z Bage, peniee fuge,s PO Page temate i
vge=2

P()pﬂc—l.g\'mh-l.l =

gender = male, female,  (43)

where POP, g o yender,e i5 (he populsiion in the youngesl| age group,
age = |, by gender, in period ; f;,,( is the fertility rate for females in
age group, age, in period ; and gage genter is the fraction of births by
gender, with g.g0 ) + goge2 = 1, and lor other age groups, population is
determined by survival via,

POP e yemers = SVage,pendert POPage-t yesders-1 + POPMIg e gendernn
"c¢=2,...,NAGE. (44)

where svaye gender,s 15 the survival rate by gender from age group age
to nge + I} POPMIg, oy gender. I8 the net immigration of population
imto the region in age group, age = 1.

- AU this poinl, fertility rates, survival rales, and migralion rates
are defermined exogenously, with the exceplion that net migration
summed over all regions is always zero for each age and gender.

Lubour supply
The-supply of labour is determined by the working age population,
rate of Jabour [orce participation, and the wage rale.

female NAGE
Xtabour = E
male ageml

lPl:bo\u(l - ’xallboul) - ubl!hw]ﬂln,nnden (45)

“uz.pndﬂpopqz,gmdu

where Prapoo is the wage rate (or labour; ayye, gende, is 3 scale coclicient
(or (hc? supply of labour, by age and gender; 8,,. gender i the price
clasticity of supply of labour by age and gender, and txa, fxb arc prc';-
partional and additive (ax rates, respectively.

Land supply -

In vFrsion 0.0, land supply is total Jand area in the region. All land
services ate sold on the domestic market. Households supply land on
the hasis of (he renial rate via :

r £
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Xisng = LAND orttongll = €xp{ffungana)], (46)

where LAND,,, is the total surface arci potentioily available for

allocation; ag.g is the maximum poltential sharc of Jund supplied (o .

the markel; fl,,.4 is a land supply price responsiveness cocflicient; and
Pi.nd is the rental rate on a unit of land.

In SGM version 1.0, the land supply scctor will beeome much
sicher. One of the polentially most imporiant determinations is the
representation of the character of land, and ily poteatial supply and
use, and the potential changes to land characicr as it is affecied hy
human activily. To be mast useful, the model of kind must he capable
of explaining both the present allucation and use of land, how thi
allocation and use changes with time, and (he consequences of land-
use for greenhouse gas emissions. Furthermore, the characlerization
must also be capalle of providing a (ranicwork for usscssing the
conscquences of polential changes in atmosphere and climale, and of
changes in sea level. Several alternative specifications are heing con-
sidered. A description of land use in SGM version 1.0 will be the
subject of future model development reports.

Personnl income
Personsl income can be computed (rom the infurmalion already de-

veloped via the equalion,

Y = Xnavour wpplylphboul(l — 1XAtgbour) — IXbravour]
+ Xt mpplyl”lmd(1 — IXa10s) — ﬂbhmll
+ "m'(l -y - -‘") + TR.ov (47)
where Y is the disposable personal income; a,,, is the tatal nct profits

fiom the operation of all enterprises; x, is the profiis lax rate; sx is
the rale of relained corporale earnings; and ixy = income lax rate.

Savings supply
SGM versian 0.0 represents savings as a funclion of present income
and the interesl rate,

St = othnsave Y [1 = €Xp[Busuare(interest + facw)]} (48)

where Sy, is the tofal supply of savings by households; anne is the

maximum polential household savings 1ale; Py, i the price sensi-[
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!ivily of households to the available intercst rale; and facyy, is an ad-
justment (actor linking the markel interest rate 1o the interest rafe
available to households.

_While it is usual for a general equilibrium model to maximize a
utifity I'unlclion to delermine household behaviour, version 0.0 does
not do this. The developmeni of a more sophisticated description of
aggregale household behaviour is a development 1ask.

Hausehold demand for final products
Own demands for factor inputs labour and land are computed sepa-
rately fram demands (or olher gaods and services.

| Lhe own demand for [and is a funclion of the number of house-
holds,

NAGE
NIIH = (E POP.,.)/«M, (49)

where NHH is the number of houscholds; and any is the average
number of peaple per household.
Therelote,

Xisnspn = NHH ayypq P c",;,"". (50)
wherce apnapn is the household land intensity { ; L

. y faclor; and is th
price elasticily of demand by households for land. Fuoass ©

The houschold demand for lsbour is a function of the price of
labouc,

thow.hh = /\’Ilbnvt"hbow,hh},f.’:“v (51)

where Utzbous, At is.lhe household Iabour demand intensity factor; and
Miubour, an i8 the price elasticity of demand by households for labour.
The tolal value of consumption can then be calculated by differcnce

Ye=Y S - Xiaod, M Pland — Xubour,bh Plabous- (52)

ponsumplion of any 'ﬁnal product can then be computed using
ipnc-t: and income elasticilies and an income expenditure normal-
Zation via, .

2 '
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xdipn = @ Py (%) ) (53

where Xdj, is the demand for good i by the household scctor; a; in is

‘the household demand intensity factor for good i; By, is the price

elaslicily of demand by househalds for good i; and y; , is (he income
clasticily of demand by households for good i, and

NS :
2= E“I,hh”a"‘““yzm—'- . (54)
=1

Each consumption good, which in version 0.0 is idcnlical Lo a pro-
duced commodily in the GPC, is assumed fo have an income and o
price elasticity of demand.

In version 1.0, the plan iz to emhbed ihc household decision making
process in a cohesive inlertemporal decision-making process which

.includes consumption, savings, and educalion. Educalion is important

because, at Jeast in the Uniled States, it is thc mosl important deter-
minant of life-cycle labour-force parlicipation. In addition, the sub-
seclar structure in the model will be used to expand the number of
demographic groups. The number of such groups has nol yet been
determined bul will refccl significant differences wilh respect lo sav-
ings and education decisions. [n version 1.0 consumplion catcgorics
will probably be different from production categories, implying the
need for a translalion matrix from consumplion lo production com-
madities. Compulationally more versatile forms for the labour and
land supplies will also be explored.

General equilibrium

As noted carlier, markels are defined for esch of the 10 producing

_seclors in SGM version 0.0 plus one for each of the three primary

factors of production: land, labour, and capital.'! There are al least
13 markets for the model to clear even when only a single region is
being considered. When muliiple regions are being considered simul-
tancously, the number of markeis will expand. Land and labaur
markels are considered (o be clased. This increases the numher of
markets from 13 to 11 + 2NL, where NL is the number of regions.
If capital markels are closed this number increases (o 10 + INL."?
in addition, lhe model user can open or close any markel in any(

rd
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Table S An exscmple of trading relstionshlp (shle

Region
Connnadily ] 2 3 4 s [ 7 8 9 10 11
l. Agri. ! 1 t 1 | 1 | | i ] 1
2. Crude il I | | ) 1 | f 1 { 1 !
3. Qil rel. | [ 1 | l [ t ) 1 | ]
4. Nat. gas 1 1 2 1 2 1 1 1 ! ! i
S. Nal. gas le 1 t ! | I 1 |} ] | t 1
6. Coal prod. | 1 1 | 1 | 1 "1 ! )
2. Diomuss i | | ] 1 | 1 | 1 [ )
R Uranivm | | | 1 t | { 1 | 1 ]
9. Blec., ] 1 2 3 0 2 3 0 o 0 0
1. Other | | | ! ) | 1 1 | 1 1
Ll Labour 0 [} n (1] 0 (1] 0 0 0 0 0
12. )and 0 [t} 0 (] 0 0 D a g 0 0
13, Sav/inv (] 0 0 0 0 0 (] (1] 0 0 (/]

region rclative (o the rest of the world, and thus create trading
groups. This is indicated through a variable, Mkilink defined over

" 1egions und commodities, where if for one of the 13 commodilies and
11 regions,

Mktlink = 0 indicales that tegion L is permanenily closed to trade
in commodily IN. For cxample, all regions are closed
1o trade in land in the above matrix;

Mkilink > 0 indicates thal the rcgion trodes wilh all other regions
with similar Mkilink values for thal commodity.'?

An example of a trading relationship 13ble is given in (able S.

The number of markets will also vary during the execution of the
model. This occurs because Iransportation costs involved in interna-
tional trade are non-trivial. It is easily possible to encounter a case in
which a region would desire 1o export a good if the region is tteated
as an imporling region and domeslic producers are assumed to be
able to oblain the world price of 1he commodity plus the cost of
transportation. On the other hand, il the regjon is fvested as an ex-
purting region, in which domestic producers can ohiain only the
world price of Ihe commodily, the quantity of the product demanded
hy the region incteases and (he quantity supplied decreases (o the
point where the region would desire fo impont the good. Under such

3y '

Greenhatise gus vinissions

cirﬁumsmnces, the model will treat thal region/commodity combina-
tion as if it were lemporarily closed.‘f )
For each region/commodily combination, an cxcess demand can

be calculated by

- Ng Na o Nioch e .
e:1=z: Z Z (dipssgect) = KSismechih 0= 1o N (53)

2a) pm)  tocheld

here ¢;; = excess demand for commodity i in rcgion J- .
¥ Cc;nsi'geTI'Ot a momenl the simplest casc in w!nc.h ull C(_)mmmllllcs
are traded intecnalionally. For any perivd, equillh'rlum cxisis when a
sel of prices, P = (P4, ... Py) can be found for which

oL
Zﬂ.i‘:[). i=1,...,N (56)
=

This sel of prices is not unique. Walras’s faw,

N N . (57)

E Ze;,;f’a =0,

ol =l

i s as an idenlity, and guarantees that il an eqml.lhm{m sel
:)vfh ::lc:: 'e(:isls. that any pyosilive scalar mul(iglc of those prices is ulso
an equilibrium sel of prices. Aoy oomn_\udnfy cun btie chosen Inx a
numeraire and i(s price determined alhllran.ly, sct for example o
one. The number of independent market prices is always one less

ber of markels. .
'h;'i‘nl\ti‘l:r'll;’,";ince the unit of measure chosen for c.o_mr.uuduu:.s i u!s;«e)
arbitrary, units can be chosen such thal all equilibrium prices a

unily in one period.

Solving the SGM

The BRM first generation model, used 8 Newton scarch.proocdure in
an elaslicily metric. Elasticitics were computed r-lumencallydb:' %e,rs
lurbing each market price slightly and re-evaluating the To cl. (c'd
required Nmkt+1 evalualions for each sc.arch step. It also cu:al :
a NmkI2 matrix of partial derivatives, which needed (o be inverted.

With 42 independent markets, this procedure requires a matrix o:
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1,764 clenients (o be inverled. The ERM ulso incorporaled a varicty
of procedurcs (o be invoked in the event Ihat no change in a dis-
equilibrium set of prices could be identified, through the Newton
scarch approach, which reduced the metric of disequilibrium, the sum
of squured excess demands.

Increasing the number of markels to 42 in SGM version 0.0 in-
creuses the complexity of the peoblem of finding numerical solutions
to the model. The SGM will employ an even mare diverse sel of sol-
ution algorithm allernatives than the ERM. The most important ad-
dition to the set of search technigues is the Gauss-Seidel procedure.
This solution algarithm begins with an inifial price vector, and then
updales each element of the price vector individually.'$

Concluding remarks

This puper describes a new model under development, a second
generation model of global energy and other human aclivilies and

greenhuuse gas emissions. The model sddresses the problem of the’

relationship beiween human aclivities in a wide array ol domains,
and their effecl on the emissions of radiatively important gases, and
‘the polentiat consequences of changes in the atmospheric composi-
tion and climate on those human activities. To address the extremely
broad scope implied by these objeclives, we have begun the devel-
opment of a global, computable general cquilibrium model, which
provides insighls nol possible with linked independent markel equi-
librium models. It is also designed o address a specific problem. fts
level of complexily and disaggregation reflects the character of that
problem. Energy is the single most impor{ant human sctivity affecting
greenhouse gas emission, [1 therelore receives the grealest attenfion
in the model. Agriculture and Jand-use are the next most importanlt
issues and receive greater allention than, for example, their value-
added contribution to GNP would indicate they warranl. Other sec-
lors of the economy are madelled in relatively aggregate delail.

The model will be exercised for both 1egional/national economies
independently of the world economy, and as a world model. Projecis
(o model the United Stales, Chinese, and former Soviet Union are
underway in partnership with sister insfitutions in China and Russia.
These projecls are anlicipafed fo produce results during 1992, This
work in tueri will help inform the development of the SGM global
model. Progress on these endeavours will be the subject of fulure
reporls,

(K
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" Notes,

 Uni s D ent of Eacigy,
14 like (0 express appreciation 1o the United States Depaciment «

- 'g\’;!l:')g“::; Ra:lu:h EM the Ofice ol Poticy, Planning, and Anzlysis, and to the
United States Environmenlal Protection Agency, for suppont Iu‘ the cunduct of lhls' r:. .
search. The suthors would also like 1o express spprecistion (v Yoichi Kaya, N:lfn]in Naki-
Eenuvié, Kiiit Perikh, Yusngzheng (aw, Real llicknuan, and Ken Ruffing far theis thonght-

y I» on a0 exrlier drafi of this papwr. .

2 ‘(l}"uc:ln:::: :bluelcrlllic ¢-[olding or sverage molvcular lifetime values of less thun (D

yan.

. lery lime scalen .
: s:: :::'n\plc. coptrol runs wing the ERM and GLOBAL. 2100 modcls yivk) remadkally

I3, This i despite the
imi Its when stendard smomptions ace employed in hath mode pite I
;;Tl'll.;:‘::e'ERM is & behavioural madel and GLOBAL. 2110 is 8 dynomie optiminng
S, :‘::';np postible 1o recost a nuedel such as the SGM within ihe dynarase nptimization
with petfect foresight pasadigm,
P dw peting technolag
:: Note (hot the price received by the producers, 1%, bt vqual v the Lo prics. The psives puid
hy producets ate equal (v the Lo.b. price plin tares lll? mutkups. I
¥, Nute that in this aase the period-specific expucted price vuctar swplaces the presen
counted price vector giveo by equ-lkrn ('Id). Naction fanction which i b
. hal this properly Js characteristiec uf any p homag,
? :3:‘!':!. :ne.lm:‘h : !oyr exsmple the CES, 2ad not simply the Leoniief specificstipn.
10. To see this aote that first-order conditions require that

G, = A "G}.,P:_,,.

Por conv deline,

117 S}
4

whete A [s 2 Lagrangian
Y = TXe =~ Sgoe = TRyers

and note Lhat
res
Y=Y Gl o
D)
Sutsfitute (1) Into (2) 1o yield,

NG3 -1
FUL ) e I Y(E‘n’}.u) .
ae]

ituli 1) gives the final resuit.

1. :::;'::::’&:‘2;;:7 l(!l)lfﬂ is 8 market for savings and invesiment. (1 Joes nul siloeate
exliling copital stocks. Those sre quasi Axed a1 a vinfaged capilal stock. e creation of sn

12. The relaxaiion of be assumptlon hat capita) markets are clased requires the cr i' oot e
_ investment vehicle. This could be socomplithed by the nfadon of an lnlema.l omN 5 m

This bond weuld imply s future relum fow ol resovroxs in :ruhmglel lc:r unnp..u“:min
teretd) payments would be sdded to GNP and h ? 8
13. ::r&adf:hb:ed&mdﬂ: will no1 be alccted, thete should alweys he o leu(.(mo l:-gluns
involved in » treding group for each wmmodily: The v:lu: of the Mmmkb"mia e‘:v'e t:.-.:
seletenocn region whose f.o.b, price ot T dity Ih'!:::'m " ;:e';:m“p':l " for thet
commodity In all other regions in the trading group. ple, ¢
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regions, exeepl Chine, use the Cah. priee of wyil ¢ {ni
“\:‘5:: |:u,nu..mm.m e & ‘.u.‘:\p'ic\: wgrlcvitueald pasducts in the tlnited States
volite upad in Mitink shuul mliveps e the fuwest re
he i egluny Indea punber uf
muinhet uf the nading group. For example when regiens 3 20d 6 lorm an ¢|oc|:i:i!y' I:Izdl;:’
grwp, both mrmhus_ vse the number 3 ot their MXHink valves, :
w\’Ie note |Im.a region cannoy be open to (rade In only one commodily.
. When a eegionis temporarily treated os i it were clused (o Irsde In » particular commodit,
” !‘?:,:ﬂue o! Ml:ml is set 1o the negarive of the ceference group number. v
- This p 39 an expecied solulion rate of between SNm&1 and JONmXI model
u.:'l‘mm. l'| Is thn wmpu_mlonally very efficlenl. The order in which the GAun-S:Sd:I :lv;ol
:L m tfmulu may be impuriant. Fur esampie, we may wish 1o silve the wurld nwtkel,
Smnng":;:::g;: the ‘;cgluvrgl Tabour and land maskens, and then relum (o the world nmlcl.
! necds to be given to gelting appropriate out i ion
process wilh an eye to improving iis ¢Hiﬁunq.” priste cutput and iescking fhe solution

-
P 3
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Comments on chapter 9

1. Nebojsa Naekicenovic

The design and implementalion of the "secor!d_gcnelalion" {nodel
for analysis of future greenhouse gas emissions is indeed a formidable
task. Edmonds el al. (1992) sel the goals of such a model well beyond
the slale of the arl by specifying that it should be '‘capable of ana-
lysing the emissions of all greenhouse gases from al.l sources, mc.lud-
ing both (hose of natural and humaan origin, lo provide an apql_ysns of
the interplay belween the variety of human and natural aclivilics re-
sponsible for greenhousc gas emission.” Clca.rly, suf.h'models curi
renily do not exist that are capable of “assessing cmissions (rom al

human activities and major direcl and indirec! consequences of po-
tential policies to reduce emission.” There are many modcls ":F'
already address some specific paris of the problem, e.g., carbon di-
oxide emissions associated wilh energy use or quels that cover
all anthropogenic sources of emiuions_ and resulling atmospheric
concentrations (e.g. EPA’s Almospheric Stablhza!ion Framework,
Lashol and Tirpak 1989). They arc, ol course, still very far [rom
the comprehensive approach suggested by Edmands et al. Hence, (Il;e
development of the second generation modet of the 1ype proposed by

(
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Convenits en chapter 9

Ldmonds et al. is certainly a most welcome effost, although a very
ambilious ane.

Undeniuably, much could be learned by the modelling commmunity
from the exercise proposed by Edmonds et al. 1n particular, the
cllorts suggested to endogenize demographic_and fechnological
changes meril particular. praise_and allention, However, within a

" policy conicx( there is also the issue of how such a model can help
reduce the uncerfainties inherenl in mgd_?l'ﬁﬁg_glnbgl_«_:hmge.
T ANGhilivély how can the madelling cxercise make more trans-
pureni and explicit the uncertaintics stemming either from our in-
suflicient understanding of nalutal and sorial phenvmena or their
inadcquate abstraction (modelling)? Therefore, a word of caution
may be in order. The policy dimension of global warming mus( con-
fron( simullaneously Ihe problems of extreme unéertainty, both in the
causes and consequences of global wacming, and in the future con-
texts within which palicies relaled to global warming will operate.
Thus, there is a need for great Nexibility in policy measures since the
sucio-cconumic aad technological contexts within which any glubal
change policy is sitvated will clearly vary and alter. We ace canlront-
ing policy choices relaled to a global cnvironmental issue whose
elfects will be measvured in decades and centuries. To itlustrate the
difficulty of this lask, imagine confronting similar issues a century
belore, say in 1892. Af that lime, eleciricity did nol have a significant
role, the maltor car had just becn invented, (he aeroplane was un-
known except as a concept, and nuclear weapons were unthinkuhle
due to the lack of basic physics, while major urban problems were
particulates from coal and dung from horses. Thus, it should be clear
(hat it is unlikely we will forecast the (uture evolution of energy sys-
tems, technologies, or its sacial conlexts over the next (00 years any
more accucately today than il we had performed the same exercise a
century ago. Yel, modelling and assessment of sirategies for mili-
gation of climale change require a very long-lerm view, one which
exlends far heyond normal plarning horizons.

In view of the large and still unresolved scientific uncertainty_sur-
rounding greenhouse gas emissions, (keir sources and sinks, (he con-
sequeaces such as adverse and irreversible climate change and possi-
ble response siralegies, the development of the second generation
madel of the parametric lype proposed by Edmonds et al. is a very
useful effort since it will allow the testing of diffcrent hypotheses
concerning (uture cnergy and greenhouse gas emissions,

In this short commeniary we will discuss a few of the salient chaz-
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acteristice of such a modcel that appear lo be rcquircq il is lo fll.".ll
the expectations of its avsthors, hut we will nol raise the )zpcclll.c
technical questions that would need 1o be .rcmlycd before the mudL‘I
can aclually be built. The technical questions mclude.. for cxupn!?lt.._
the problem of integraling (he globul wirming potentiil of cmisston
and concentration of multiple greenhouse guses, or how to account
for historical and current NO emissions from buman activitics and
natural sources, or how (0 recausiruct the capital vintage struclure

for economits in transition and develuping countries, “These ques-

tions are far (rom being resolved bul are the sul)jcc.l of & number of
research aclivities and international cfforts from which the propused
modelling exercise could henefit. Lel us nssume that l.l\csu uncer-
tainties and unknowns can be resolved hy a parameiric modelling
approach. - . e

We now return to Lhe discussion of important model charucieristics
which (in order to be briel) we will limil to four imu_es: v populauor‘
dynamics, (2) endogenization of technology, (3) sm.:m-culluml nspuc!s
and (4) provision of encrgy scrvices. They are important I)cca.uuf
they wre all linked to the requirenienl of adupting a very loag lime
horizon for model applications, which extends to lh\.: end of the next
cenltury. The authors are {o he complimented for Laking the long-tenn
and glubal view. Models (hal fucus on limc-_scalcs of two to (lu:cu
decades can be hased on many static assumptions duc to the rchative
stability of demographic (rends, sacial and cultural (clz.lllﬂl‘ls. and the
technology hase over such periods. Converscly, extension of the tiine
horizon well into the next century mcuns that many of these long.
ferm processes will become fluid and can no fonger he (reated as
canstanls or “slow vasiables.”

1. Population dynamics

In a century global population could stabilize but duri_ng the next few
decades il will certainly conlinue (o grow at rates fairly cl?sc 10 the
current |.7 per cent per year. In fact, the momentum bchind glohal
populalion growth is indeed very largc. Even if we assume an abrupl
change in fertility throughout the world down to or even below the
reglacement levels of about 2.2 children per woman, as it now pre-
vails in mosl of the West European countries (and will thus result ina
significant populalion decline), the glnbu! pqpulaum? 'would continue
lo grow for a few decades as illustrated m_hgun: 1 I.hus, lllu.fh:m(.)-'
graphic (ransition is an importanl issue if 8 long (ime horuon(u
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Fig. | World popwation
growit, 1350 fo (e present aod three alte
:Lo:;: ::‘(:: year Iul'lu (II'IN Wonld Population Prospects 1990). la the :l:uo':ll‘::ﬁ!‘;:
Popolsilon ls expected simost to double durlng 1he 138y

I-P;: t;edlnlnl growtA rafes from now on, the digh vnhnllm.ﬂ r:-a, (o’:;,;cu:
so“ udle';npuhﬂu Incresse. By the year 2020 populstion locrease ls sill} aboot 40,
: h ;: 0 mfllion per yess Ia low, medfurn, and high varfees respectively compared
© abou( 100 ailllon (naresse per year foday (Source: Hellfg 1992). d
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adopted. 1t is of paramount imporlance whether the glabul pap-
vlation will reach 10 billion or grow beyond, What is almost cerlain is
that it can be expected to double during the next 10D years.

The objective 1o “endogenize” population growth in the nexl -

mode) version is 10 be welcomed. The actual problem is how 10 im-
plement the link belween development and population: is the demo-
graphic transition a'prerequisite for rapid development oc the other
way around? How fo accounl for the diverse expericnces among
counlsies and regions wilh respect (o the demographic trausition? A
crilical impasse is how (o model these theoretically poarly under-
stood linkages at the global and regional level. For the time being
Edmonds el al. plan to include assumplions concerning survival,
lertility, and migration rates for individual regions over the time
harizon. However, increasing the aumber of exopenously assumed
driving variables does not necessarily lead towards a better under-
slanding of the complex issues befween development and demo-
graphics. 1€night, therelore, be simpler and also ntore (ransparent lo
assume dilferent population-growlh scenarios exogenously as done by
Ihe United Naltions population forecasts thot are the standard reler-
ence in this flield (UN 1990). Personally 1 see little merit in making
aumerous assumptions in a model without explicitly describing the
linkages between the variables. The spproach leaves v false impres-

sion of cerlainly and accuracy thal does not aclually exist. This crit.’

ically alects particularly the lreatmeni of migralion in the proposed
model. Clearly, emissions will depend on Irade and migralion pat-
terms but (he problem is thal there is no vbvious way to madel inter-
national migration, especially the large movemenis of people that
might be caused by the adverse effecis of climate change. Low pop-
ulation growth rales and high levels of alllueace in some paris of
the wotld can also be expecled lo altract additional migralion and,
this again is a possible linkage between development and population
issues.

I1. Endogenization of fechnolopy

One of the imporiant shoricamings of many energy models is that
resource scarcily is one of the ceniral driving forces of (ulure energy
development. Once the cheap and clean sources of energy are ex-
hausled, the models “dig deepce” into dirlier and costlier oplions.
This is close to the Malthusian concept of limiled resources and has
by and large been historically falsified lor most factor inpuls including
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cnergy, minerals, or land. |t tuens out that in the long run tech-
nulogical change leads to production of more with less rather than of
lesx with more, Aad yet technulogical change is still a static concept
enlirely absent in most models. Fossil cnergy cesources remain slatic,
polentiuls for technological improvements are ignored, etc. Yet alone
since the energy crises of the 1970s the discoveries of additional fossil
energy reserves have oulpaced their consumplion. The resource base
continues (o increase. Table | shows that the known global (ossil en-

CrBy resources are equivalent 10 about 3,000 gigatons of carbon! The .

carbon content of the atmosphere is in comparison small with aboul

760 gigatons of carbon. If the current concerns regarding prospects of -

global warming are conflirmed in the future, it is probable that niost
of this carbon will remain in the ground. ‘I'he point here is that Iech-
uolagical progress and development wre exogenous paramclers: as
soan as some of these cxicrnalities are endogenized, decarhon-
izalion strategies will be economicolly more alfraclive and less coslly
than *“dirtier” oplions. In relraspect, we no longer consider techno-
logics (hat are hazardous 1o human health as “cheaper" opfions, but
rather as nan-options. Therefore, the model needs a “dynamic base"
_ rather than the planned slatic concept of depletable and degradable
Jesourees, |
The adoptian of a capilal violage approach (o endogenizing (ech-
nolugical change by Edmonds ct al. represents a significant improve-
ment and will undoubledly produce most valuable insights, as dem-

Table | Pussil energy cunsumption, teserves und resources (G1 C)

Cara) il Gas Teral
LEAY) - 1987 1149 54.2 245 192.6
1987 25 24 1.0 59
Reserves w6 92.1 585 5422
Resources 2249 622 >118 3026
Additional occurrences >3500 > 1000 >700 >5200

Note: Aceuunting for historical, present, and putential futvie cathon emissions from fossil fucl
Use in gigatuns cardun, Hisiorical (1860-1987) and present (1987) earbon emissions feom tossil
fuel use by swurce and carbon ountent in identificd, ec leally recoverable fossil fuel re.
a¢1vey, sesoucoes (fdentified quantitfes with ain prosg of f bilily),
and silditiuns) occurrences (additional yuantitles inferred fram gealagical infonnatiun bul with
spucvlulive (evhaical and voonnmic putential). Conipated (o histarics! fussi] el use, the ro-
niaining resseurees in the yround represunt & (pethups even for oo Iarge) “earbon endowment'
which is more than 2 factor 10 33 hirge o5 ihe tatal carhon poot in e almosphere ul stound 260

G1C (eoreespnnding to a present CO; amientration tate of sbout 350 ppm) (QriiMer and Na-
Liccunvié (y91). ’ .

RATH ,
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similar models for analysing cconansic slruclu.ml change.
'(;‘It‘\self:;ﬂﬁyvintage approach can help to modf:l technolugical cl?a.n%u
by the introduction of learning ond cconumies-of-scale clects T f)
new additions to the capital stock and the resvurce hase. Nc.v|erl 1e-
less, the assumplion of static resources (cven if fotal potuntia |y. red
caverable resources are subdivided into rescrvus and undlscm.ru.n.
resources) over a period of 100 ycars is mdue.d a ‘::.-ry.reslnilfv;
conslraint that will, no doubt, almost "nulomnnc_ully Icufl ll‘o ugd
carbon emissions (since cheap and low carbon options are ex ausle
and rencwables and nuclear limited hy other “constrainis™). ljor |.n-.
stance, only 10 years ago the existence of mclhur{c clallnral.-.-sl\:v..n:
largely unknown. Will they be included us a nnlcmml .rcm.uu.s.l );4':::
in the model and how is the ruflmucc base poing to cliunge with

ailubilily of new techaotogics

uv.l.)':.:ll?rlll;l}l'he(ncxl century rflany new energy systens can 1I!SO'II)U u:
pecled to be introduced thal may hclp avoid the a‘slwnnmlc.a‘ 'c\fv.j
of grecnhouse emissions cnvisaged in_many husmcss-n..s-u.\u.;l ] :f.:
narios (e.g., see {PCC 1990). Figure 2 illustrates thal even a.l .huh. X
ical diffusion rates new encrgy sysiems can he expected to feac ) |§ ‘
markel shares during the nexl century. Such sysiems mny' |m..“l.| ¢
completely new technologies such as t':arbon n:mm{al,nnd d;._pn':f ;u(r}
(c.g. into (he deep ocean) bul they will most wr(amly-he a 3: al;c
on improvements and refinements of currenl lechnglogxcs_ suc daj ;
electric or hydrogen cat (Nakiécn?wé { 992;.Nnklc?nov1cdan htl) n
1991). Bul even these more evolutionary oplions will nec elx'w 1125
systems and (echnologies such as new ball9nes und fucl ce s‘i'" e
diffusion of whole families of new lcchnologies nceds to he ma Ll G
both within the energy sysiems and other scctars of the ccanomy. d| -'ls
not clear how this will be handled in the sccnn.d geacration guu‘_-. .
.allhough it is clearly cruciasl for the understanding of (_hc ml_llga al::;
and adoplion polential offered by new, less carhon-intensiv
carbon-free lechnologies.

M1 Socio-cultural aspects

Socio-cultural determinants of future glecnho.use gas cmissions a:lr.ei
also importans at all scales bul become m‘pucuglly diflicalt lul m: \..
when the lime horizon is extended to IO(I_ years in lh.c rulfm:i s u|';
cuftural convergence overs such long permd.ft, espcclulally |f| :‘::I\::::“

“'smalfer”™ through more inferaclion, glolx -
actually becomes *'smalles” throug ;
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Connneas on chapter 9

munication, and mobility? At the othee extrene, o divergence could
be assumed with more heterogeneily and diversily in the world. In
fuct, this was (he histarical experience during (he Jost cenlury as

illustrated in figure 3 for carbon intensily of value added. in contrast, .

maany of the development straicgics and scenarin trajeclorics imply
a commun global path, c.g., universa) adoption of lechnolugivs and
their transfer despile diverse inslitulional and regional character-
istics, and irsespective of the actual approprialeness of (hese sysfenix
in a given case. The second generation model can be expeeted to help
identify some of Ihe linkages among thesc issucs, but the real prob-
lem occurs with the treatmenl of fhese social and cullural deter-
minanis. For the time being, socio-cullural variables have defined
quantifications in most global models and ul hest have heen inclieded
as residual values (e.g., derived from gencral praduction funclion
approaches). Even il these variables cannot be modelled in the sense
of forma) absiractions [rom causality relations, it will be impoctent
to make explicit assumptions and scenorios in (he madel concerning
socio-cullural development. This is a polential advantage «f a pary-
mefric approach.

As another example, is it really reasonable to assume a gencral
cquilibrium approach and markel-clearing mechanism for anulysing
the long-term future, when markel-cleacing mechanism imperfections
and regulatory mechanisms are a prevailing characteristic of the
world economy rather than an cxception? Transfer of “sensilive”
technologies is explicitly blucked, diffusion and adoption of lech-
nologies can be blocked by local cullures or regulations, and so on.
The examples are so plentiful that it is difficult lo construcl a list of
compelilive international markets. There are, af course, many mecth-
odological reasons for adopting a general equitibrium approach, bl
the question is whether (0o much is assumcd away by thal approoch
in a model that otherwise includes so much detail. ln more aggregale
models Lhis might indeed be a very visble and appropriate sim-
plification bul in a complex model such as the one proposed it is nol,
-clear how 1o balance detail in some areas against simplislic 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 fo have market-based
economies and rational, utility maximizing agenls (envisaged for vee-

sion 1.0).
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IV. Provision of energy services

Rationality ol agents is in general @ very sticky subject when il comes
lo describing aclual energy consumplion and end-usc hehaviours.
Conservation and efficiency lag behind what appears (o be rational.
Often cflicicncy impravements arc offset by increased energy ser-
19 'é vices. Fon: example, new cars are on average more eflicicnt thun (he
2‘53; old anes in Germany, bul (hey consume more fuel hecause (hey are

lacger, faster, more powerful, comlortable, and saler. Demand fir
nore comfor( al home has also increased due to older nge struclure,

& 1958
4 1570
81950

10.000

(]

v

5 smaller family size, and larger dwellings per houschold, leading again
a to higher energy services. Figure 4 shows tha( longer life expeciancy
g and sharter working time have over the Iast 100 yesrs reversed the
B shace of life spent at work compared to leisure activilics from aboul
2

3

]

o

5000

Y

80 per cent to aboul 20 per cenl foday. This resulis in nose Iravel,
Icisure activilies, and lime spent at home. All of these phenomena are
also linked o cconomic structural changes, productivity inercases, nnd
evalving socio-cultural patterns. The problem arises when changes in
the end use are observed al the macro-level and explained only by
price mechanisms (e.g., elaslicilics) rather than by changes in hunian
- hehaviour and social patterns. In those cases fallacies can ucenr. For
8 example, the price of molor fuel increases but consumers puschase
- cars that consume more fuel cven though they may be more efficient.
5’ Pethaps many of these considerations ate marginal on 3 100-year
-

g

J

1850

1000
Per capita GOP US$1988/¢apita

Usa
1800
132\00

lime-scale. The salient question for personal mability in the world is
rather whether car ownership will diffuse throughoui the world 10 the
degree il has in the industrialiced countrics. Today there are over 410
" million cars in the world. Whether this number doubles or increases

SOO' ™

China

(4

1

3 lenfold during the next decades will have a larger effecl than any
z;g madel variations in the price elaslicity of motor fuels. Another cx-

4 ample given in figure 5 shows That mast of the cars are vwned by the

male population in Germany, while only a few, mosily young, women

E g own aulomobiles, Should the ownership rates converge in the [uture

° this could-almost double the Neet size.

These examples illustrate that the long-time hurizon almost in-
-herently demands an interdisciplinary approach in evalualing green-
house-gas emission mitigation and response siralegivs. Economic
mechanisms alone will not do nor will enginecring perspectives. ‘The
complex fabric of many dimeasions has fo be integraled into more
holistic approaches for analysing alternative development paths,
those (hsl lead fo high emissions and these that are rcsponsive( to

kg CUSS1985

4,0 e
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Fig. 4 Fruction of disposable Mlelime speat at work and non-nork of fernsle, male,
and average working popaoletion, UK 1855-1981, Figures sre derfved by comparing
life hours of work ro (otat disposable, aetive non-work houre for adalis, Dlposable
haurs are calculated by subtracting 10 yearx for childhood and Grst eleraenlary edo-
cation and sho required “physiological” time, €.g4 time required for aeep, eallag,
snd personal hyglene, sssurmed nn aversge (0 smount (o [0 Bours per day. For (he
sversge wurklog pupulation in the United Kingdom, nosking hours decressed from
sbou) 124,000 to 69,000 hours befween 1856 and 1981, wbile 4 the came tme dls-
poseble lifetime hours Incressed from 292,000 (o 378,000 kogrr. Thus, nop-working
hours Increased Irom about §18,000 ¢o 262,000 hours aver a Ufetime. Qa sversge
over 60 per cent of the disposable Ifetime of mate sdults was ipent working lo 1856,

tbis percenisge bas lallen (o less than 20 per ceal ol present (Sowrce: Assulel snd
Gribler 1990),

climate change. Pechaps creslive scenario wriling would even further
enhance the value of models such as the one proposed by Edmonds
el al. .
The vllimate question is whal is the appropriate mode) scale (e.g.,
number of sectors, equations, varigbles) that is required to caplure
some of these characteristics? It is cleatly undesirable to have a high
degree of complexily in irealing problems that are poorly understood
such as the eflect of global warming on international migration pal-
lerns. I is better insfead (o treat with higher accuracy those things
that are well known such as the eflect of urbanization, mobility, or
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Al of car owmenship la Gerrany (only former FRG terrifary) in
f‘g.’slﬂl::;rn:‘:::ulﬂml latergenerational a0d gender dilferences jn car :'wnc'l:h‘l::
Combined wib demographlc projections sceasrios of tulore enr ow;\crl p .I" ol
veloped at HASA based on differen) scenaslos of lifestyte cBanges omuu«t:nm >
horts estering driving sge, Conversely the ownerhip (or non-ownen ‘:,)‘ :'h e
older generstions ste sssuraed fo recshn relatively stsble, consistent

experience (Saurce: Blitner and Griibler 1991).

. ; fit

hy and clirale on energy end-use patterns. ll.ns a disbene
lggokgr::fv tyhe magnitude of the global warming potential of _rr;lulllp:e‘
gases il carbon dioxide eflects and emissions are known :’“ gr::is-
accuracy while direct and indirect cﬂ'.ecls ol methane an klll enme
sions are very uncertain. In this case, it would be t.ae.uer I(Io "r‘:w;ec-
simosphetic concentrations of these wo gases mdmdu? y.' a<:" °
ond generation model can help and improve the analysis o‘hm :ud
these issues provided il is “‘scaled™ approprialely lo answer the p
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“questions - (o use the words of Edmonds el al., it should be problem-
orienled und involve minimum madelling. [ hope thal they wili suc-
ceed. The proof of the pudding will come in ealing it - in this caze we
will have to be patient and wait for the first mode) implementation
and resulls. In any cose, the authors must be complimenied on their
ambilious and courageous underaking.
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2. Kirit S. Parikh

Al the ouisc(,-'lcl me say lhat this is an exiremely ambitious efort. It
is cven more ambitious than (he one upon which we embarked at the
fntcmational Institule for Applicd Systems Analysis (ITASA) in 1976
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in i d and Agriculiure Programmec (FAP). We built wh:u_ we
:::ll‘:i iogasic Linkged System (BLS) of National Fgod and Agr.lcu!-
tural Policy Models.! The national mnd.els are apphec.l general Ll}lfl-
libsium models with a genera) equilibrium linkuge. The systein has
some 34 models, 20 relerring (o specilic countries or groups of coun-
tries having a common agricultural policy_ and 14 mo_dels represer;lmg
counlries of the rest of the world from dnﬁer.enl regions, groupee ao;
cording tv the similarity of their likely behaviour on lhf:.mlcrnauor.la
markel. The models distinguish 10 diﬂelcn.l cor'nmodmcs al the |nl
lernalivnal levef (more domestically), of which nine were agncu_lfuul
commodilics and Lhe 1enth was a non-agricultural sector to cl(.m, ll:.I
syslem. The paramelers of the models were empirically csun:ul}.h
(rom (ime-series data. Empirical estimution as opposed to hx.n:l -
matking was consldered essential if the mudel systen were o (‘).[)
scribe the world with some measure of cunr.ldcncc. !l look some 2 o
person years of cllorl. The first dcmnnslm(u.m version af (he mude
was ready in 1980. A usable one becumg available in 1984, -
However, thal was in 1976. Today, it is 1991 and !hc progress that
has been made over these years in computers, algorithms, communi-

. cafion networks, dala availahilily, and Ihe experience ablnined with

ilibei i d effort of
neral equilibrium modelling, should make the propose \
écdmondsqel al. succeed within a reasonable lengih of time. Without
the Kinty Hawk of the Wright brothers, 707s would not !ravc come
about when they did. With our and similar cfforts un l)ml&!l!‘lg-applllcd
genersl equilibrium-based linked systems, such an ambitious cflorl
Id now be conceived and lavached. .

co:dy commenls on lhe paper are grouped under qlﬂcrcnl hgad.‘
ings. Firs(, [ would comment on ils approach, then on ils scope, Ilrm:
tations, and problem-orientation. These will he followed by some
suggestions.

The approach

roach is a botlom-up approach and the model provides
’:::n:zﬁs delsils. With any model that you use, the users always d‘e-
mand more delails (han whal is incorporaled into the model._ I C{n
“confirm thal from my personal experience. '-I’he model of India lhu:
we developed as a parl of lhe IASA Basic Linked System was one oI
the more detailed models of Ihe system. | have been using lhis modhe.
for policy analysis and { often find thal quesiions are asked Ihat (he

i i i . [ ealer
model cannot snswer without incorporating more details or gf p
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Comments an chaptee 9

porated jnto this model.
There is yei another reason for having a detailed model, A model

:;L:ﬁr;i:t:nr:rio is a difficult and critical task. It does (thesefore help in
K I A sccnario a sel of consisten( values |
varinbles, if their number iy minimized ther hand thieseno
. X - On the other hund hi
'l::; (I:;. mm:hc;l of paraineters 1o be estimated bcco::s llahr'g'cmg::
4y aiso note that when one iy exploring lon ic 4
) 4 ; g-lerm sirate -
;:;ll:vl/:s.ecvvcnl;mpm:nlly estimated paramelers cannof be lakg::n 7:)(;;
- =ven hen, the question of descriplivenes [ ik
nol be dispensed with: a mode) scengri 3 i, e oo 2R
dispe : > 8rio is an “if ... (hen” iti
and the “il* ought 10 describe the world that we live in “p:rr'otr.?sl:llo:
istlo h.ave any relevance. © hen
Edl:]slgplcrdCGl.S model, say of the Maane and Richels, or the
faims ;‘In:.:l;":::lf.ly ('ypc. provides a siarting point for broadly de.-
m gic allemnsfives. However, these modecis
avnl!ahlc. One s.hould really try 1o build on them. Moreo::: :'::2‘2

who gains and who Pays under alternaii fci
] o s
find some problems with the mddclt-n P polices and this is where |

Prob!em-orienlalldn. scope, and limitations

:.21": E!:lecr:;dcl tobe wl;al lcalla“growth and greenhouse” modeland
opment and environment” model. Its is i

on loss in economie growth and o Loff betyeny oo imgely

n the trade-off belw T
growth and greenhouse gas emission J ired howeser e -

s. What is required h i

model that Ireats bolh develo iron " 2 broader
. pment and environment in a b d

perspective. Questions of income distributio i al ver.

sus glohal effecis of environmental polj Westioms ot O.f e

dilforent grous o oo rolicy, questions of lifestyles of

ple, and questions of cansumpli
and development ace very crilical and not addressed g;(::cp::::;:l!

Ky
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Cunnnents vn chapter 9

For example, the devcloping couniries do nol feef responsible for the
currenl greenhouse problem. Their emissions of CO; are less than 30
per cent of Lhe tolal greenhouse gas emissions in the world, even
though they constitule nearly 80 per cent of the world’s populstion.
Many of these countries face suvere environmental siress in their
urban areas due (o oir pollution, poor sanjtition, congestion in stun,
use of dirty [uels-in poorly ventilated kilchens, and crowded sctlle-
ments. These environmenlal issues affect the welfare of their pap-
vlations in a much more direct way than thc consequences of the
grecnhouse efect. These countries, theccfore, rightly feel thut they
should tackle these lacal environniental problems before they spend
any resources for global environmental problems that in any case

* they themselves have not created. Bug, (o expluore such trade-ofls, one

necds (o incorporale info the model the delvils of income distribution
across different groups in rural and urbiin arcas as mentioned carlier.
To do policy analysis with  model means lo compare ghlernative
silvalions. Some form of comparison of wellase in aliernative silta-
tions is inescnpable. The Ednwnds ct al. made! dues nat stipnlate an
infegrable demand sysiem withoul which wellare comparisons would
be extremely difficull to make. A consistent integrable demund sys-
tem is quile essential for such a madel. Here, 1 may also point oul
thal to eslimate a consislent dcmond sysicm thal rcmains mean-
inglul over long periads and large changes in income levels is difticult.
Recently, 1 had occasion to project food demand for the year 2050.
When [ used clasticilies, or a simple linear expenditure systcm to
project these, ] got absurd results. The calorie intake implied in these
projeclions was somefimes as high as 10,000 Kcal per day. This is
clearly nol a feasible intake level. Onc needs (o find an slternative
demand system. Here, what we did in the I1IASA model is worth
noling. We had estimaled a separale demand function for each com-
madily as a funclion of income and own price. We had alsv estimated
a separate relationship between per capila calorie intake and per
capita income. This relationship was asymptotic of what one might
consider the physiological limit. For a given targel price vector and
Income level, we estimate an inifial vector of demand using cach af
these individual demand functions. Then we find a vector point thal is
close to this vector and is such that it satisfics the adding up properly
as well as meets the apgregale calorie inlake constraint. Around the
new veclor point we then construct a lincar expenditure sysiem. Such
a procedure was repeated at each lime period in 11ASA's BLS models.
The resulling system csn be considered as a local approximation }o
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Conunenis on chapter 9

s underlying utility function and can he shown (o be consistent. Such
A procedure gave sensible projections for 2050, which were also much
more robust to changes in income levels. While the calorie conslraint

was 8 logical cons(raint to impose when dealing with food demand as -
we were doing in the BLS, it is not adequale for the proposed model, -

which has many other non-agricultural commaodities. [1 may be nec-
essary (o impose some other natural constraint. Perhaps one could
impose a constraint on the time required for alternalive consumption
activilics and on the total time available 1o consume fthe various
commodilies. Such a constraint might make (he demand system be-
have sensibly.

Itis imporiant that 2 model does provide insights into Irade-ofs
between alteenative developiment paths, between consumplion pat-
lerns, between production structures, and across lime. Even a long.
lerm inndel must address some short-term pulicy issues and the issues
aof resulling Iransition costs. If a model does not provide any guidance
on what we do now, the mode] is in some sense useless,

Sutne polnts of detail

‘Thete are some points of detail which nced to be mentioned. First, il
is vilal to maintain common units for Irade of commodilies among
countries. This is a critical problem and requires much care and data-
grubbing work. From (he description of the model, [ am not sure how
thesc problems are to be handled and how units are going to be kept
consislent across dillerent countries,

Secondly, an observation is made in the paper that capital stack
data can be “relatively casy to observe.” This is not so, as capital
sfock data are notoriously diflicull to obtain. Estimates of total factor
productivity growth in Indian industries based on the same data
source by two differeni researchers arrive af (wo completely contrary
resulls; one saying that facior productivily in India has grown, the
other saying (hat it has not. The difference can be largely ascribed to
the way capital stock dala are pul together from information on the
time-series of invesimen| ol current prices by assuming cerlain rates
of real depreciation. Unforlunalely, the deprecialion rates are nol
ohserved and a seemingly small change in the rale of depreciation
whether it is.3 or 4 per cent per year can make a diflerence as to
whether total factor productivily grew or nol.

Thirdly, the model seems (o assumc that guvernmenis do nul own
fumd. However, governmenis can and do own land and substantial

Jss

Conunviis on chapter 9

H ‘1" H . . selcili nd
it in many countries. ‘I'hus, questions uf.dt,l'un..\l\.lllu_u uh
?anr::;u;l:r‘l‘(rc:ls':arno{be adequately denlt with withaut bringing in
overament behaviour in the Yand market. Neither do | sve hsh;,lz
iw.nn'oned anywhere, and consequences for aceans seem to be fe
out of the model, hopefully only for thc moment.

Some suggestions

i tions. {t seems to_nic that the
I would like to make a couple of su‘ggcs '
agricultural sector model of IIASA’s BLS would provide 2 vcr.y gloort:
starfing point for this modelling work and the nlulholrs m:gh( [L:gdudi
. . . " |
ssibilily of using this madel for the ag‘ncu ural secto
:ir‘:np:)he algo):ilhm development for I1ASA’s systcm h_as pn?vcd o'\f:r
lhe 'years to be robust and efficien’ even when deahr.tg. -wuh policy
regimes with quotas. They might also cxplqre .lhc possnbx!uy 'c_af us:::g
the algotithm that was developed by Michiel Keyzer! using the
3. i . . .
KaP“ilnaz:l(l);m:lh \I:t:?l'irc‘l like to cmphasize (hat in using !hc madu), ()5!’,
should ke.cp in mind that no model can add'n:ss the lmpurlan.(.qu;?:
fion of welfarc distribution and responsibilitics. PN\: Im:}::":; lr(:'.t_g ;y?
i ink in terms of a mechonism, -
earth funclioning and we must think in terms of a mechal eys
is lai i that we think in teims o
fem that is lair and feasible. | suggest < thin ot o
i i hes towards maintaining (he globa
using markel-friendly approac o e e 0
commons at the desired level by giving trada s Lo
i i iti i f these should he consislen
different counlries. Initial allocation o P
i i i h and should be donc fairly.
wilh the carrying capacity of the earl ! o Al vy,
t that the aflocation based on p9pulnuon wo [
::gg:er not to encourage people Lo increase their pnpulauo:\;‘,j [;w;
may keep the allocatiaons to the populalic_ms of li: pasll .y";a;; as;sy o pr.e )
this model would give us insights inlo allernali
l;:r%?ng the global commons, of enhancing lucal environment, alr::]ia?er
improving the quality of life for all persons on earth. llco:gra
the modellers on their ambitious project and wish them luck.

Noles

her, G., K. Prohderg, M.A. Xeyrer, snd K S. Parixh. 1RH. Linked Nn{fnnn;:l:!:- ::;h;:l
b ;:: Iu'l‘zm:lia-nal Food ;’aﬂq Analysis. Bostun, Mass.: Kluwer Acsdemic Pubithe

i i tysis. o .
temational Institute (or Applicd Systerru Ana e Cotinuntiun Tethiques t
{ Fircd Polnts hy, Applied Ce " :
* ;:':(‘:;l':‘l:\v.h:lvﬁ.m?:‘ P\;::":'I‘:‘ﬂhpl‘:‘ SOWBY. Amaterdum: Ceatee fur Warld Vomd

Studies. (
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Contments an cliaplw 9

3. Yunangzheng Luo

Many of the points 1aken up i

I p in the paper are of interesi ¢
.hnv:. yel to digesi fhcm. I cannot agree more wilh the vicwoeT:r::s‘:;
in that paper thal in the process of designing, a new model should be

problem-crienied. We should nol lapse info the practice of making

could il the shoes.

In their reconsiruction and econom
! omic development after Wa
(\’\r/aer I!, Europe and JaPan did not pay due attention (o the iss't::
nvironmental pollution, Thus it went unheeded unlil the 1960s

under control step by slep. However, [
: . » from the global perspecti
:J;cv)?rl:m of :r:vnonmcmal pollution has not been solSed I')T‘che":lza:)h:l
nmental issue has been aggravated as a result ’r
] th -
:'r;::':: ;r.al;\sl(er by ;he industrialized countrics since :\c l;ﬂaoic‘::f
ofluling and energy-guzzling labour-intensive industri
J ¢ ust
the developing counlries and also as a resull of the indusll’iz.:ll:;:s\fell(3

opment of the developing countries themselves. Moreover, the emis-

sion of greenhouse gases and the depleti
¢ d pletion of the ozone la
E:J:tzlmir;v:':nn:enlgll‘ w'albmmg. People are becoming ing'rcel;i?:g'l;
! oul such global environmental issues. The d i
countries have come lo see {hat prevention i han “curn s
_ e n is beller than “‘cure.”
it mus(.bc pomlefi out thai the industrialized countries shoured bE::

vi . . .
: :ar::rr::::‘ ;ln their (':W[;I counines, the indusirialized countries mus{
ronmenlally sound technologies (o the d i
Iries, increase aid (o (he i enial proteuiae, iE coun-
m {or environmenial protect;
! A ) ; prolection, and put an
nd to {he Iransfer to developing countries of lndu.sln'cs'that 4 I
the ¢nvironmens. poflute -

Great strides have .bcen made in enviranmenisal protection since
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the 1960s when the problem of pollution hegun tu caich the altcntion
of indusirialisis, policy makers, and (he general public. In many
countries, effective measurcs have been taken and laws passed lo
keep fhe air and the rivers and lakes clesn. Today, niore and mure
allention is focused on the greenhouse effect. | am confident thal
wilh a common undersianding of the gravity of the prohlem and
(hrough concerted efforls, belter technologics will be developed to
reduce emissions of greenhouse gases from industrial plants, vehi-
cles, and home appliances and wiser policies adopted (o conlro) such
emissions. '

As a developing country, China is cqually conceraed aboul the
greenhouse eflect and about environmental protection. In its puniuil
of a teformist policy and its opening up to the outside world, China
has, in the past decude or s0, made nolable progress in controlling
environmental pollufion and preserving the ccological bulance. China
is fully aware of the importance of siriking a proper balance belween
achieving ecanomic and social progress and maintaining o sound
ecological system belween industrializalivn and environmenlal pro:

‘leclion. We are ready to learn from other countries whatever is useful

to us in preserving our cnvironmenl. However, due 1o (inancial and
technological constraints, we cannol apply the saine standards of
environmental protection that the developed countries use.

You may be inlerested {o learn about China’s energy piciute, In
1990 China’s total energy consumplion amounted 1o 980 million tons
of standard coal. The breakdown is as follows: coal, 75.6 per cent;
crude oil, 17 per cent; natural gas, 2.1 per cen(; and hydcopower, 5.3
per cent. _

You can see from these figures thal coal plays a predominant role
in China's energy consumption. There was a (ime in the [970s and
early 1980s when Chincse factories switched from coal burning to oil
burning. But before long, China learni that it could not afford ta do
lhis, since exploration of oil requires far grealer capilal input than
the mining of coal. So we swilched hack to coal burning. While we
continue (o rely heavily on coal for energy consumption, we plan to
make use of nuclesr power snd tap China’s rich hydroelectric re-
sources on a much larger scale. To this end, a nuclear power station is
under consiruction a( Da Ya Wan in Southern China and plans are
under way for Lhe building of more hydropower stations. Although
economic developmenl remains China’s overriding conceran, increas-
ing atlention is being given to environmental prolection. In fhis
regard, there is a greal deal for China ta leam from Ihe advanrccd

Jel
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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 from 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 atmosphere/-climate
change, the model was designed to perform three tasks:

1.

Provides estimates of environmentally important emissions associated with human
activities,

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

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, '

Anticipated changes in the greenhouse effect result from the emission of 2 number of
gases including: CO7, CHy, CO, N20, NOy, $0O2, VOCs, CFCs, and CFC substitutes,

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,

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

Emissions and impacts also depend on international trade patterns, and possibly,
migration patterns,

Factors 3, 4, and 5 depend upon institutional arrangements,

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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an energy/agriculture focus;

a punty-clay vintaged representation of capital;
land as a factor of production;

depletable natural resources;

competition among technologies; and

sector- and subsector-level investment decisions.

AR

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 satisfactory levels of
disaggregation which makes econometric estimations of some mode] 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 5 years2. 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 projections3. 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 CGEM:s. '

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” growth 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, are 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.

3 Reliability, however, can be enhanced with the use of elasticities given by the literature and a
comprehensive sensitivity analysis.
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II. 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 tables 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.

II.a. Intermediate Production

In order to acquire the model parameters necessary to estimate intermediate production by SGM
industry, data are required on the use of factors by industry, and input-output transactions. The
"use” and "make" tables 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.

Tn 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 annual I-O accounts. The
benchmark 1-O accounts are published for economic census years and therefore include more
detailed data 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, data 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 natural gas.

The SGM industry "Uranium Mining and Processing” also required some manipulation of the I-O
accounts data. 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 BEA Standard BEA
Category Category Industrial Classification
' 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 2819 270104
Chemicals n.e.c*

Electricity Private Electric 4911 6801

Generation, Services (Utilities)

Transmission & .

Distribution Federal Electric 7802
Utilities '
State & Local 7902
Electric Utilities

Oil Refining Petroleum Refining 2911 310101
Products of Petroleum 2999 310103
& Coaln.e.c.

Gas Transmission Private Gas Production 492 6802

& Distribution (utilities)

Other Products Al other industries

* Part of this industry category.

Upon completion of the commaodity-by-commodity (CXC) "use" table, values are adjusted to
1985 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 1985 I-O data. Using these totals, CXC table values are then adjusted using the RAS (row
and column sum) adjustment procedure developed by Michael Bacharach [1 971)4. 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.

XLb. Tndustry 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 I-O
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 1-O accounts. A separate Jand 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 Il1.d. below) is conducted separately from industrial production, government labor
expenditures need to be included with 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, (I - er-p,) 0y}
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 differential from urban land prices will be reflected in the
constant term of the production function.
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RE; = corporate retained eamnings rate of sector i;

aj = the maximum potential retained earnings rate;

r the real market interest rate; and

Bi = 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 1985 base year
it is necessary to first calculate an actual retained earnings rate over all sectors for 1985 by
dividing 1985 total corporate retained eamings 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).

ILc. Capital Inputs

In addition to the factor inputs described in the J-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 reachedS. 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 first 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 current 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.
7 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:

Qo.s = qo.s + q-l.: + q-l,x + q-.?.x (2)
where

Qos = total production of commodity s in period 0; and
Qu,s 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 -
(a0) 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 Average Capital Rate of Hick's-neutral | Elasticity of
Category Lifetime (in years) Technological Change | Substitution in
(in %)* Production

Agriculture 20 0 0.4
| Crude Oil Extraction 15 1.5 0.5

Natural Gas 15 1.5 0.5

Extraction

Coal Mining 15 2.5 0.5

Uranium Mining and 15 1.0 0.5

Processing

lifetime), adjustments to the capital stock data are needed to reflect the SGM assumption that discards
occur ar 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 capital stock and last year's gross capital stock plus
the current year's annual discards value given by the BEA) over the 5-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 either 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, ¢quipment and structures are combined and retired at
the average lifetime of both.
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Electricity 35%* 1.0 0.2
Generation, :

Transmission, and

Distribution

Oil Refining 30 0.5 0.1
Gas Transmission and 30 0.5 0.15
Distribution

Everything Else 20 0.5 0.5

* Applied to vintages prior to period 0.
** Except for hydroelectric power plants (65 years).

TL.d. 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 costs8. 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 sectors within the SGM, each grade faces 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 crude oil extracted, but rather to the cost of extraction.
* Capital purchased in this subsector prior 10 1991 is assumed to be used in hydroelectric generation.
Subsequent purchases of capital are assumed to be used in solar electricity generation. Different "vintage"
production functions are used to reflect this separation.
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Generation sector into these six subsectors. As with Crude Qi 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).

I1.e. Elasticities of Substitution in Production

The final items necessary to estimate production function 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., 2 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.

III. ESTIMATION OF MODEL PARAMETERS
TILa. Calibration of the CES Production Functions N

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 shown in equation
(2) above, total production in each sector and subsector is the sum of vintage production (i.c.,
output associated with each vintage capital stock). Each vintage production is described by the
following CES production function:

1

N/
V4
Gy = Gow (DXl + anXbs) (V= -V..0) 3)
ial _
where
qv,s = outputof commodity s produced with vintage v capital stock;
apsyv = scalecoefficient in vintage v's production of commodity s;
ajs = 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);

Xisyv = demand forinputi in vintage v's production of commodity s;
aN,s = factor intensity of the capital input (input N) in the production of commodity
S
XN,sv = demand for the capital input (input N) in vintage v's production of
. commodity s;
p = elasticity of substitution parameter; and
-Vg = 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)

10
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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 (0 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 prices10 equal to 1. Compute the price of land
and labor as follows11:

TE imd

Pt = Total Land X
_ TE labor
Prosor = Total Labor ©)
where
TE)and = Total land expenditures in 1985 (discussed in Section 3.2.2).
TE)abor = Total labor expenditures in 1985 (based on I-O accounts).
Total Land = Total U.S. managed land in 1985 (in 1000 km?2).
Total Labor = Total U.S. employed population in 1985 (in 1000 persons).

2. Compute the output price of a commodity as,

1° 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 km2), 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 Jabor can be interpreted as the millions of 1982 dollars required to hire 1000 workers annually.

11
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p, = TO - IBT ©
’ TO
where
Pp = Output price of the commodityl2 (in millions of 1982 dollars).
TO = Total output of the 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. Asdiscussed above, relative factor intensities within a sector or subsector do not differ.
Therefore, factor jutensity 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 CES production function
(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 assumption:

P
_ X ¥ ; P 0y .
s (X i,uhcr) P O.ather i=1.N-1 ' (7)
where,
aij = factor intensity of the ith input in the production of commodity j,
Xij = total demand for the ith input in the production of commodity j,
Xi,other = total demand for the ith input in the production of the "other products”
commodity,
Po = output price ("price received") of commodity j,
P0,other = output price ("price received”) of the "other products" commodity,
p = elasticity of substitution parameter,
M = p/(p-1),
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 for that input; i.e.,

of - . x G
. a P,' 13 )
where
s = total profit in the production of commodity s; i.e.,

2 This price refers 1o 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 8 commaodity is less than the price paid by purchasers of the
commodity as long as IBT is positive (j.e., taxes paid in a sector is less than subsidies received).

12
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N-1 '
7, = Pod, - ). PuX, ©)
i=l
where
Po,s = output price (price received) of commodity s,
Pis = inputprice (price paid) of the ith commodity in the production of commodity
s, :
Xijs = total 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-J I/p
9, = (L auXl + aXh) (10)

J=!

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

P-4 !
a5 Y » .
Xis = (ao.:Po;P_)p (—)p i=1..N-J] (11)
Is z
where, assuming capital is the only fixed factor,
and
N-1
Z = 1-(@osPos)' (D alt' Pt (13)

Id}

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 a; g parameters 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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Qour = B *(1+8)" (14)
where

0o syv = scale factor in vintage v's production of commodity s;

Bo,s = overall scale factor in the production of commodity s (constant between
vintages);

gs = Hick's-neutral techological change rate in the production of commaodity 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 (a0,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 (0. s v ) can be determined given the Hick's-
neutral technological change rate and the overall scale factor (Bg s ). Therefore, upon completion
of Steps 1 through 3, two parameters still need to be estimated--the overall scale factor (Bo,s)
and the capital intensity parameter ()N g ). Due to the vintage structure of the production
process, these parameters cannot be du-ectly determined, therefore, an iterative process must be
applied to solve for By g and o 5.

The steps involved in this iterative process are as follows:

(1) Choose an initial value for By 5.

(2) For each variable factor input, compute Xj ¢ as the total expenditure for the ith input
factor in the production of commodity s (value from the IO table) divided by the factor
input price ("price paid")13.

(3) For each variable factor input, calculate aj s using equation (7).

(4) Solve for a)N s using 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 5. The estimated input demand for
the "other products”" commodity in the production of commodity s is defined as,

whcr,: = z X otherxy (15)

Vel ,
where

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

** Except for Jand and labor, input price (price paid) should be equal 10 1 in the benchmark year (as
previously explained).

14
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-Vg = 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., § years) plus 1); and

Xother,s,v = estimated input demand for the "other products” commodity in vintage
v's production of commodity s defined as,

H ]
aoﬂur,.r ; Y ;
X othersv — (ao,:.v P X3 P'dw;) ( 7 ) (16)
where
Y = aN';X‘);.;,o (17)
and
N-l :
Z = l-(ay PUJ)#(Z Clhiers Phers) 318

J=1

(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 B9 s and 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 sum 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 JO 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:

PRDEN,

Reserves;, = Q, (L;+5%y) PRD
;

v=0..-3 (19)

where

Reserchj’V14= reserves (in exajoules) of depletable resource j produced by vintage v;
Qjv = output (in 3) of depletable resource sector j produced from vintage v;

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

15
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L; = lifetime of capital stock in sector j;

PRDEN; = total depletable resource extracted of commodity j (exajoules) in
period 015;

PRD; = actual total production of commodity j (in $ - from IO tables).

II.c. 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:

L. = aol..(baserate,)* f (exp(7, )™ (20)

where

It s = annual level of investment in sector s at time t;

It+1,s = annual level of investment in sector g at time t+1;

baseratey = underlying growth in the economy affecting investment;

flexp(nt s)) = a function of the expected profit rate;

ag = gcale coefficient; and

a), a2 = 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,

(GNP )
_ , PE, E .,
baserate, = (PE,.,)((GNP) ) #2))
E 7.
where
PE = potential employment (population ages 15 to 64);
GNP = gross national product;
E = total employment; and
(GNP/E)x-1 = gnp per worker (productivity) at time 1-1.

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

cxp(zr,.,.)
(exp(miy) = ———— 22a
Slexp(m.y)) Py (222)
where '
exp(nyg) = the expected profit rate in sector s at time t.

' Thesc data were obtained from the Annual Energy Review 1985.

16
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The expected 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,

] lifctime .f 7
S /77 S
exp(r = —0 NI 22b
f( p( f—f)) (I+r+ws)0.5 b~ (1+r+w:) ( )
where

r = the real interest rate (assumed to be 3% in the baseyear);
wg = the sector-specific interest rate wedge (representing the additional

interest rate risk associated with sector s);
lifetimeg = sector-specific lifetime of capital investment; and
T s = gector-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 (ag, &t {, &2) an aggregate investment function
(described by equation (20)) was econometrically estimated on the macroeconomy leve). Next,
these scale and sensitivity parameters were used in each sector-specific investment equation
(equation (20) for each sector) to determine 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 are determined separately from sector-level investment.
For each sector without subsectors, the investment equation given in equation (20) was calibrated
by using the scale and sensitivity parameters which were estimated on an economy-widé 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 Jagged 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:

(E 7. 'z.\')p
Shareys, = ',,,&,; (23)
> (E Ty )
iss=]
where
Sharetjss = Share of total sector investment allocated to subsector iss;
Em iss = expected 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 cquation 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 directly 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.

IL.d. 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 commeodities 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. Detalls 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:

N
mot - Spy = TRggv + ZPiXi,gnv (24)
i=l
where
TX0t = total net tax revenuesl’;
Sgov = net government savings or, for negative values, net government
borrowing;

transfer payment by the government;

g

* The govemment final demand sector produces "government services” which are provided "free of
charge™ 10 all sectors of the economy. Therefore, although the government final demand sector produces
servmes, it is not a producer of any market commodity as is the case with producing sectors.

' Subsidies are measured as negative taxes.
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Pj = price paid for input i; and
government demand for input i.

Xi,gov

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)18. 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 following equation is used to
calculate the indirect business tax rate for each commodity

IBTtot i ’
IBTrate, = 70— 25
' = T0,- IBTwor, @)
where
IBTratej = indirect business tax rate for commodity i;
1BTtot; = total indirect business tax expenditures in the production of commodity i;
TO = total output of commodity i.

Combining Equations (6) and (25),

1
IBTrate, = 7" 1 (26)
0

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:

y N
Total Corporate Taxes = ) IBT: + Y. CITR* Profit, @7
i=l i=l
where

IBT; = total indirect business taxes paid by sector i;

CITR = average corporate income tax rate;

Profit; = total profits of sector i ("other value added" in the I/O accounts); and

N = pumber of producing sectors.

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

19



FEB 12 ’98 ©5:30AM BATTELLE 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 = ILE 28
o = TLE-T5S72) (28)
where
SSTRemployer = social security tax rate for employers (applied to each employer's
labor expenditure);
TLE = total labor 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 the social
security tax rate charged to employees also.

Lastly, the personal income tax is a tax on income eamed 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., sharcholders)). 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.

Govemment 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:

_ Total government transfers = G0* Population + Gl (29)
where

GO, Gl = appropriate empirically determined coefficients.

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 subject 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:

NGS (1 u)
GU = ().5+G4) (30)
=l
where
GU = government utility, an unobservable variable;
Ggs = the production of govemment service ss;
dss = distribution parameter for service ss;
M = 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:

NGS -
Gu = (TXt0t - Sgor - TRy ) B PL (2 Pro Pir) 3
iss=]
where
Bss = 8ss(-1/(m-1));
Y = w/(p-1); and
N
Py = D ixaP (2)
i=1
where
Pgss = thecostof the next unit of govemnment service ss;
Pi = the price of input i in the production process; and
8j,g,ss = the amount of input i required to produce government service ss.

The government utility function was calibrated to the base year as follows. First, the aj g s
parameters are defined 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.,

10,
(=,
Aigss = NN (3 3 )
Z I Oj.g..u
Jul
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where
10j,g,ss = value of input i used in the production of government service ss (from
the input-output accounts);
P; = price of input i ("price paid"); and
NIN = number of inputs.

These aj g 5 are then used in equation (32) to obtain the value of Pg ¢ for each government
service ss. Once the values of Pg s are determined, the 855 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 (Gyy) by
choosing values for the parameters 85 (substituting 5¢s(-1/(1-1)) for B in equation (31)).

Note: As discussed in Sectmn ILb. 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; therefore, 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 expenditures 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 government 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 govemment 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
(including 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, th:s
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:

Xisor = WAP™* atrapor *(1 - gfme"Piue) (34)
where
WAP = total working age population (ages 15 to 64);
QJabor = the maximum potential share of working age population employed in any
given year;
Blabor " = alabor supply price responsiveness coefficient; and
Plabor = an average annual wage rate ($M per 1000 persons).

The following steps were taken 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 was 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:

Xid = TLA* Qlipma * (1- """ ' (35)
where
TLA = total surface area potentially available for allocation; .
Q)and = the maximum potential share of land supplied to the market;
Bland = a land supply price responsiveness coefficient; and
Pland = 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:

SM = Y * A hhsave * (1 - 5hh.wvc e’mm") (3 6)
where
Y = disposable personal income;
Ohhsave = the maximum potential savings rate;
Shhsave = a scale parameter;
Bhhsave = 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

Shhsave and Phhsave:

S |
Srheave = (1 -oe——) ePrmes’ 3
e ( r* ahluavc) ( 7)
In addition, the interest elasticity of savings was assumed to be equal to 0.40. The equation for
the interest elastiticity of savings is defined as:

5Shh *_ r 'thwuﬁ[thc *,
5 S, = ( - 5;.;“,.,.,2“"" ") ) = 0.40 (3%

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:

Xionamw = NHH Qjmapy Plona (39)

where

Gjand,hh = the household land intensity factor;
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Pland = the price of land; and
NHH = the number of households (in 1000s) which is defined as,
ToTPOP
NAH = ——4— 40)
B
where

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

Equation (40) was calibrated to the base year (1985) by solving for Bpj, using 1985 actual values
for NHH and TOTPOP. Similarly, equation (39) was calibrated to the base year by solving for
)and,hh using estimated 1985 household demand for land (discussed in Section ILb.); 1985
price of land (discussed in Section IIl.a.); 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 11.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:

Xigsorsn = Xisor Qtaborsh Plasor (41)
where

Glabor,hh = the household labor intensity factor;
Plabor = the price of labor; and
Xlabor = total labor supply (in 1000s).

Equation (41) was calibrated to the base year by solving for a|abor,hh using estimated 1985
household demand for labor; 1985 price of labor (discussed in Section IIl.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 /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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1
Xd = Qink P :’""M YZ o (I) (42)
Yo =Y - St - Ximaww Piona - Xicvorsn Plasor ' 43)
where
Xdj hh = household demand for good i;
@i hh = the household demand intensity factor for good i;
Bihh = the household price elasticity of demand for good i;
¢ = total value of consumption which is defined as,

Yi,hh = the household income elasticity of demand for pood i; and

NS .
A= Y o PPsyim (44)

i=/

Table 3 contains the household price and income elasticities used in the SGM which were
obtained from existing literature,

Table 3
Price Elasticity | Income Elasticity
Agriculture -0.28 0.30
Everything Else | -1.00 1.10
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
Gas T&D -0.82 0.89

N/A: commodity not consumed by the household sector.

Except for values of aj hi, , 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 (Y¢) can be determined. With these
values determined, the values of & hh can be calculated from equation (42).
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Trade

As previously discussed, Version 0.0 of the SGM assumes a closed sconomy (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!9 (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
/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 rade 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 ¢lectricity, 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 (IAM). 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 fuel 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 CO2 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 IEA.
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 CO2, 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.



s

POLICY FORUM &

AN

‘Uncertainties in Prolectlons of
Human-Caused Cll-mate-Warmlng

J. D. Mahiman

Mankind’s activities have increased carbon
dioxide (CO;) in the atmosphere. This in-
crease has the potential to warm the earth’s
climate by the “greenhouse effect” (1) in
which CO; 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 thereof) of the mathematically and
physically based climate models (4) that are

" used to project the climate changes resulting

from a sustained buildup of atmospheric
CO,. 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.

I 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: jm@gfdl.gov . .

1416 : ' SCIENCE o VOL.

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 |
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.

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:

m  Atmospheric : abundances of greenhouse
gases are increasing because of human activi-
ties.

m Greenhouse gases absorb and re- radlate
infrared radiation efficiently. This property
acts directly to heat the planet.

#  Altered amounis 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 hlgh
heat capacity of the world ocean.

W 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 CO; 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.
m Over the past century, Earth's surface
has warmed by about 0.5°C (20.2°C).

® The natural variability of climate adds
confusion to the effort to diagnose human-
induced climate changes. Apparent long-
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term trends can be artificially amphﬁed or ¥

damped by the contaminating effects of 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. .

I further illustrate these climate uncer-
tainties using two extrapolations of the
IPCC idealized scenarios of increases of 1% .
equivalent atmospheric CO, concentration
per year (5). The first case levels off at a CO;
doubling after 70 years; the second levels off
at'a CO, quadrupling after 140 years. Both
correspond to simple extrapolations of cur-
rent trends in greenhouse gas emissions.
Considering the long residence time of
CO, 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): '
8 The stratosphere will continue to cool
significantly as CO, increases. If ozone con-
tinues to decrease, the 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 (O 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 wnthm the pre-
dicted range:

B 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 CO; over
preindustrial levels is projected to lead to an
equilibrium global warming in the range of
1.5° to-4.5°C. These generous uncertainty
brackets reflect remaining limitations in
modeling the radiative feedbacks of clouds,
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:in the upper troposphere (5 to 10 km),

4 responses of sea ‘ice. In effect, this
% ans that there is roughly a 10% chance
d{gt the actual equilibrium warming caused
doubled atmospheric CO; levels could be
% -'ﬂ wer than 1.5°C or higher than 4.5°C. For
i answer to lie outside these bounds, we
6uld have to discover a substantial surprise
yond our current understanding.
~Essentially all climate ‘models predict
?%, equrhbnum global temperature increases that
/%= o nearly linear in the logarithm of CO;
: “hanges. This effect is mainly due to increas-
vels o of &}' saturation of many of the infrared absorp-
s Botﬁ =20 ion bands of CO,. That is, a quadrupling of
500, levels generally produces projected
2 warmings that are about twice ‘as large as
those for doubled CO,.

global mean surface temperature changes
under these two idealized scenanos would be
1.5° w0 5°C.
“@  Sea level rise could be substantral The
" projections of 50 * 25 cm by the year 2100,
* caused mainly by the thermal expansion of
sea water, are below the equilibrium sea level
e that would ultimately be expected. Af-
;ﬁg;er 500 years at quadrupled CO, levels, the
o, 562 level rise expected due to thermal expan-
?‘sron alone is roughly 2 + 1| m. Long-term
“melting of landlocked ice carries the poten-
tial for considerably hrgher values but with

: %@ less certainty.
r vaporgift @ As the climate warms, the rate of evapo-
-re (Oto yj . ration must increase, leading to an increase
rial profcll -..in global mean prectprtatron of about 2 +
wrming)¥ : 10.5% per 1°C of global warming.
change 5§ <8 By 2050 orso, the higher latitudes of the
would % Northem Hemisphere are also expected to
in per-g ‘experience temperature increases well in ex-
v vapor cess of the global average increase. In addi-.

tion, substantial reductions of northern sea
ice are expected. Precipitation is expected to
increase significantly in higher northern lati-

“in 9 out

e
2 tudes. This effect mainly occurs because of
the pre-5f  the higher moisture content of the warmer
4 air as it moves poleward cools, and releases
..wer the% its moisture.
t with a g .
-xpected Probable Projections
Ie sulfate ® The following have a greater than two out of
cult, but? three chance of being true:
vable al- B Model studies project eventual marked
vbserved : decreases in soil moisture in response_to in-
utput or 3§ creases in summer temperatures over north-
sbserved 3|  em mid-latitude continents. This result re-
th have tB| mains somewhat sensitive to the details of
predicted spring and summer precipitation,
O, overi_g as well as to model assumptions about land
ad toan :fj| * surface processes and the offsetting effects of
range of © airborne sulfate particles in those regions.
‘ertainty ;§ ® Climate models imply that the circum-
rions in Antarctic ocean region is substantially resis-
Tclouds, “§ tant to warming, and thus little change in

ails of the changed amounts of water va’ .

‘m Models predict that by the year 2100, .

least over the next century Or.two.

W The projected precipitation increases at -

higher latitudes act to reduce ‘the ocean’s

salinity and thus its density. This effect in-"~

hibits the tendency of the water tosink, thus
suppressing the overturning circulation:

B Very recent research (7) suggests’ that "~
tropical storms, once formed, might tend to*
become more intense in the warmer ocean, .
at least in circumstances where weather and
geographical (for example, no landfall) con-*

ditions permit.
B Model studies prolect that the stan-
dard deviations of the natural temperature

fluctuations of the climate system would -

not change significantly. This indicates an
increased probability of warm weather

events and a decreased probability of cold

events, simply because of the higher mean
temperature.

Incorrect Projections and Policy
implications

There are a number of statements in infor-

. mal writings that are not supported by cli-

mate science or projections with high-qual-

ity climate models. Some of these statements
may appear to be physically plausible, but
the evidence for their validity is weal( and -

some are just wrong.

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-
tific support. It is theoretically plausible that
smaller-scale storms such as thunderstorms
or squall lines could become stronger under
locally favorable conditions, but the direct
evidence remains weak.

There is a large demand for specific cli-
mate change predictioris 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

climate impacts will require large improve-
ments in computational power and in the
physical and biological sophistication of the
models. For example, the large uncertainty

'in modeling the all-important responses of

clouds could become even harder at regional
and local levels. Major sustained efforts will
be required to reduce these uncertainties
substantially.

Characterizations of the state of the sci-

ence of greenhouse warming are often
warped in differing ways by people or groups
with widely varying sociopolitical agendas
and biases. This is unfortunate because such
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“sense of controversy abo thi
scientific knowledge base as gurdance for the §
N polrcy deliberation process.” :: ~

ey

It is clear that much is known about the .

climate system and-about how that knowl- -
. ‘edge is expressed through the use of physi--
cally based coupled. models‘of the atmo-

sphere, ocean, ice, and land surface s systems. - -
This knowledge makes i obvious that hu-

‘man-caused greenhouse warming ts‘r\ot A

problem that can rationally be drsmlssed or
ignored. However, the remaining. uncer-
tainties in modeling important aspects of

- the problem make it evident that we cannot

yet produce a sharp picture’ of how the
warmed climate will proceed erther glo-
bally or locally. .
None of these recogmzed uncertainties
can make the problem go-away. It is virtu-’
ally certain that human-caused greenhouse
warming is going to continue to unfold,
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-llved green—
house gases. s R

References and Notes

1. The greenhouse effect for CO, was first calcu-
lated over 100 years ago by S. Arrhenius, The
London, Edinburgh and Dublin Philosophical
Magazine and Journal of Science 41, 237 (1896).

2. Intergovernmental Panel on Climate Change, Cli-
mate Change, the IPCC Scientific Assessment, J.
T. Houghton ef al., Eds. (Cambridge Umv Press,

. Cambridge, 1990). .

3. Intergovernmental Pane! on Climate Change, Cli-’
mate Change 1995, The Science of Climate
Change, J. T. Houghton et al., Eds. (Cambridge
Univ. Press, Cambridge, 1996).

4. Climate models are mathematically based mod-
els that attempt to calculate the climate, its vari-
ability, and its systematic changes on a first-prin-

. ciples basis. The fundamental equations solved.
are. the conservation of mass, momentum, and
energy. The interactions among the atmosphere,
ocean, ice, and land surface systems are calcu-
lated on rather widely separated cofmputational

" points on Earth (typical spacings are 200 to 400
km in the horizontal and 1 to 3 km in the vertical).

. 5. S. Manabe and R. J. Stoutfer, Nature 364, 215
(1993). J. Clim. 7, 5 (1994).

6. The approach used here was tested and chal-'
lenged in E. Barron, Forum on Global Change’
Modeling. U.S. Global Change Research Pro-°
gram Report 95-02 (U.S. Giobal Change Re-
search Program, Washington, DC, 1995). Earlier
evaluations were published in J. D. Mahiman, Cli-
mate Change and Energy Policy, L. Rosen and:R.

" Glasser, Eds. (American Institute of Physics, Los

- Alamos National Laboratory LA-UR-92- 502, New
York, 1992) and in J. D. Mahiman, U.S. Congres-
sional Record, 16 November 1995, House Sci-

- ence Committee Hearing on Climate Models and
Projections of Potential Impacts on Global Cli-
mate Change (1995)..

7. T. R. Knutson, R. E. Tuleya, Y. Kunhara in
preparation.

'1417



- tions such as the United States and Ja-

tured 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 Nutrition 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-
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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 ruling 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 uriique genetic information.

But the prospect of asking for fresh con-
sent from donors concerned NHANES offi-
cials. As Diane Wagener of NCHS 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, “I 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 - o
am very troubled to learn that there still ' 3§
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 will be made available for the
SNP project, and possibly a small fraction of
the primary set, as well. Consent 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. Then, 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

Thirty Kyotos Needed to Control Warming

When exhausted delegates emerged from

round-the-clock negotiations in Kyoto, Japan,
last week with a global agreement to curb emis-
sions of heat-trapping gases, some observers
hailed the deal asa diplomatic miracle. Climate
scientists say, however, that it will be miracu-

 lous indeed if the Kyoto pact—which calls for

38 industrialized nations to cut their emissions
by an average of 5.2% from 1990 levels by
2012—even temporarily slows the accumula-
tion of warming gases in the atmosphere. The
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-

pan—and that is far from certain—the
new Kyoto Protocol to the 1992 Climate
Change Treaty could reduce emissions of
six greenhouse gases, including carbon di-
oxide, methane, and nitrous oxide. The
United States—the world’s leader in
greenhouse emissions, with 25% of the total—
agreed to a 7% cut from 1990 levels 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

2048

Haze over Beljing. Emissions from developing na-
tions like'China could overwhelm Kyoto cuts.

greenhouse emissions to two-thirds of what
they would be in 2012 without action, accord-
ing to the United Nations.

- Even this significant reduction, however,
won't prevent total global greenhouse emis-
sions from rising, analysts predict. The cuts will
be swamped early in the next century by in-

creases in emissions from developing nations, .

such as China and India, which successfully
resisted being bound by the protocol. For ex-
ample, China, currently in second place, is ex-

-

pected to overtake the United States as the.

world’s leading emitter of carbon dioxide
within decades, as it burns more of its massive

PHIL BORDEN/PNI

" 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, Colorado. Currently, car-
bon dioxide levels stand at about 360 parts
per million (ppm), up from preindustrial lev-
els of 280 ppm. Computerized climate mod-
els created by Wigley and otheérs suggest that
concentrations will at least double by 2100
unless developing nations hold their emis-
sions steady and industrial nations progres- -
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

coal reserves. From 1990 to 2015, the U.S. .

Energy Information Administration predicts,
carbon dioxide emissions from developing

says. As a result, it will at best delay the
predicted warming trend by just a few de-
cades. Jerry Mahlman, director of the Geo-
physical Fluid Dynamics Laboratory at Prince- ‘
ton, adds that “it might take another 30
Kyotos over the next century” to cut global
warming 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

Davd Malakoff i a writer in Bar Harbor, Maine.
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DEPARTMENT OF THE TREASURY
WASHINGTON, D.C. 20220

October 22, 1997
MEMORANDUM TO: DEPUTY SECRETARY SUI_V/IIIVIERS
FROM: JONATHAN GRUBER. -
RE: Responses to Your Questions on Climate Change

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

Variation in Gas and Energy Prices Over Time

Depending on the ultimate rise in carbon permit 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 priccs vary considerably from one month to the next. For example, in Novemnber
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 gasolme at the pump in the
Washington area jumped by 10 ¢ents 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 felt in one year, further dampening
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the effect on prices.

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

Historical Perspective on Energy and Resource Utilization

After both o0il 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 turmed 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 growing by almost 10% above today’s
level,

. doos
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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
(1) 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
economies and also highlights the success of JI pilot projects.

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

Phase [ 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 failure. The White House has produced
a good set of talking points on this issue, which we draw on and expand 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 dinding 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 action.

. The President has indicated his support for environmentally-friendly 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 /telp
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 $25 in 2010, and
a loss of only 0.1% of GDP.

These results come from Battelle’s Second Generation Model (SGM), used in the IAT’s work earlier
this year. SGM is a 12-region model that includes 10 supply sectors (of which 8 are 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 depletable, 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.

. Vinyl 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 CFC 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 CFC smuggling indicates that control costs at the margin, which is what counts, are much

— higher than these estimates. 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; by
comparison, legal production is 100 thousand tons this year.

We attach (TAB E) a memo that describes this conclusion in more detail, as well as the American
Prospect article itseif.

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 [abor union think-tank, which
projects job losses of 1.7 million by 2010. These estimates are implausible, for a number of reasons:

. Many [AT 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 mode| used in thus 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 [ trading, JI, or worldwide '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 EP] 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 Offset 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 from a carbon tax would increase
prices for other carbon-based fuels as well.

o Electricity restructuring is expected to save the average 4-person family about $§232-5488 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 priceindex Change :

per gallon) (1997=100)
1970 1.32 22.911
1971 1.27 -0.04 23.824 1.0
1972 1.22 -0.06 24.483 1.0
1973 1.24 0.02 26.453 1.4
1974 1.56 032 34.179 1.3
1975 1.52 -0.04 37.803 1.1
1976 1.49 -0.02 40.544 1.1
1977 1.50 0.01 44385 1.1
1978 1.42 -0.08 47.207 1.1
1979 1.77 0.35 59.097 1.3
1980 2.23 0.46 77.321 1.3
1981 227 0.03 87.781 1.1
1982 2.00 -0.26 89.091 1.0
1983 1.84 -0.16 89.727 1.0
1984 1.73 -0.11 80.618 1.0
1985 1.66 -0.07 91.24Q 1.0
1986 1.25  -0.41 79.283 0.9
1987 1.24 -0.01 79.298 1.0
1988 1.19 -0.05 79.889 1.0
1989 1.23 0.04 84.419 1.1
1990 1.35 0.11 91.375 1.1
1991 1.27 -0.08 91.742 1.0
1992 1.22 -0.05 92.206 1.0
1993 1.17 -0.05 93.299 1.0
1994 1.15 -0.02 93.688 1.0
1995 1.15 0.01 94,227 1.0
1996 1.22 0.06 98.637 1.0
1997 (7-mo 1.24 0.02 100.000 1.0

Standard  Average of Standard Average of

Deviation Absol. Valu¢Deviation Absal. Value

of Yr/Yr Change of Yr/Yr Change

1970-97 0.32 0.1 26.80 1.06
1983-97 0.22 0.08 6.28 1.01

1985-97 0.13 0.08 6.74 1.01

" @oos
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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
refiners acquisition costs, was $10.69 per barrel in 1972, rose with the il 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 § straight
years from 1981 through 1986. (Ses reference B.)

3. Secretary of Energy Schlesinger was quoted by the U.S. News and World Report on July 10,
1978: “What we face [ 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 “We're
heading into a world of considerably higher prices. There will 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 actually dropped in the late 1930s 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 Annual 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 abave 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 385 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-Sanity, 19xx.

i3.) Malcom Shealy of decision Focus Inc., A Review of Energy Forecasts: What Have We
Learned? February 16, 1989.
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An ad hoc agency staff graup from DOE, EPA, and CEA. considered the carbon reductioas that W
are likely to occur in 2010 if DOE’s proposed restructuring bill becomes law. Per discussion at

the principals level, we attempt to separaic the emissions effect of the explicit carbon friendly

provisions of the DOE propasal from the effects of retail restructuring itself, which would be

accelerated by, but is not endrely dependent on. Federal restructuring legislaton. This meroo

reflects a quick-turnaround effort. Analyses are continuing at both agencies.

3 L he k1 3t DS Aroon rriengd o 1 i
There is agrecment between DOE and EPA staff that the explicit “carbon friendly” provisions of
the bill (Renewable Portfolio Standard, Public Benefits Fund, and Information Disclosure, the
later of which supports marketing of “green” power from rencwable resources to interested

customers. The estimated impact of these provisions is a carbon reduction of 13 to 36 million

metric tons (MMT) of cacbon in 2010 — sce summary table for components.

The Emissions T ¢ of Ratnil Restrocturing Yiself .
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 ar in various stages of developing such plans.
“The effect of retail competition on carbon emissions'cutside of the explicit “carbon fricndly”
provisions noted above is subject to considerable dispute, in part because the evolution of service
offerings under incentives in the future competiive market are nat presendy knowa.

On the emissions-increasing 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 cxisting coal plants in cases where capacity i3 available. Resoucturing could also
increase pressures for early retirements of nuclear power plants.
On the emissions-reducing side, retail competition will provide a financial incentive for gencrating
plant owners to improve their heat rats, reducing the amount of fuel burned w0 gencrate each
kilowatt-hour of electricity. In addidon, 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 opportunites (such as those ldentfied in the recent “five lab” stedy), or
by selling “green power” decived from renewable sources to environmentally-conscious
consumers. Finally, some of the increased demand for electricity will reduce end-use
consurnption of primary fuels, reducing emissions outside the electric sector.

Given the number of factors involved, the ad hoc agency staff group settled on a range of
estimaras from an emissions mduction of 48 MMT to an emissions increase of 33 MMT in 2010
for all of the components discussed in the previous wo paragraphs and included under headings
“b1" and "b2" of the surnmary table. If, as EPA staff belicves, no increase in cfficiency services
can be expected from differentiated product competition among competitive suppliers under any
plausible circumstances (i.¢. both the high and low estimate of this component are zero) then the
range of estimates for emissious impacts due to restructuring are an emissions rduction of 25
MMT to an emissions increase of 33 MMT, as presented under heading “b1" of the summary
wable. In both cases, these emissions changes are “over and above” the reductions presented
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There is considerable two-sided uncertainty regarding many of these estimates. For example,
grecn pawer may be more attractive, heat rate improvements may be lower or greater than
projected, and efficiency oriented marketing of eleciricity services may be greater or less than the

range presented above. Notwithstanding these uncertaintics, the ranges presented above reflect
the best estmates of reasonable ranges of emissions impacts based on available information.

above in section a of the memo'and the summary table.

In addition, the distinedon of “carbon friendly” provisions of the DOE bill and restructuring itself
is somewhat fuzzy, given that the DOE bill is expected to speed the ransition to retail
competition. An indeterminate portion of the emissions impacts identified in Section (b) of this
note are probably attributable to the DOE bill

Summary Impacts of Restructuring and the DOE Bill on Carbon Emissions in 2010

Factor Changc in Carbon Emissions in
2010 (MMT)
a. Explicit “Carbon Friendly"” Provisions, including: - -36 to -13
Renewable Portfolio Standard -12 to -6
Public Benefits Fund - -llto-4
Informarion Disclosure (supports “green marketing” _ -131w0-3

— reflects ¥z of total green power estimate)

bl. Retail Restructuring, including: -1 =25 to +33
Electricity Demand Increase / Fuel Mix Change ' +25 to +32
Nuclear Unit Retirement due to Retail Competition +3 to 10
Green Pricing (Y of total “grean power” estimatc) -13 10 -3
Generation Efficiency (heat rate) improvements -5 -5
Demand Reduction for Direct Use of Primary Fuels 22 o -l

b2. Efficiency Marketing by Energy Service Companics -23t0 0

SUM OF COMPONENTS (a +bl +b2) -84 to +20
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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 warming 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 Khrushehev-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 $2 million study conducted by the World Bank and Chinese
officials found that China could reduce its carbon emissions nearfy 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 specifie,
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-cfficient plants
rather than by retrofitting existing plants.

L 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 1950
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 (USIJI) 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:

L A project 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 project 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.

U 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 —

" Q@o13
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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 intemational permit trading and JI can reduce costs by
50% or more.

IfLDCs 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 tapin a
project-oriented joint implementation setting. Insofar as developing countries and others choose
to remain outside an intemational 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 fund, on behalf of its investors, would undertake JI type
projects and sell the resulting carbon offsets to make a profit. Such a fund would improve on the
efficiency 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: Jonathan Gruber
Deputy Assistant Secretary (Economic Policy)

SUBJECT: 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 new machines
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 $12 per ton of
coal, as against actual costs of 50 cents to $1 per ton. Early costs estimates referred to
reclamation at mines in operation at the time. In response to the [aw, 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, which ware
based on static cost models, did turn out to be too high. 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 $20 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, did 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
52 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 (1938) 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 (COWPS)
estimated the actual cost of the standard at $§160 million. The author of the COWPS 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 (3200 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 are 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
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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 thig 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, Chicagoe, 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 ata
price consumers will accept, and EPA has, in effect, allowed the program to lapse.

e 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 are 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 casts, 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
Porter, who has written that environmental regulations often yield “innovation offsets.” But they
try to prove their case with anccdotes. 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 runs the other way, 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, hepatitis-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 when 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 envirorumental policy, gobbling vast quantities of public and private cash and
management time.” [Francis Cairncross, environment editor of The Economist, in her book
Costing the Earth). On 2 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 regulating many items posing low or negligible risk, including fluorescent light
bulbs and telephone poles; as a result, the rule has been far more expensive than enticipated in
these initial estimates.

Prepared by Ray Squitieri
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EsaN GOODSTEIN AND HarT HODGES

Polluted Data: Overestimating Enviroﬁmental Costs

of the Environmental Pro-

tection Agency, issucd new
tezulaclons reducing permissible
levels of smog and particulate
(fine soot) pollution. The polic.
cal battle leading up to the dedi-
sion was fierce, cven within the
adminjstration. One staff mem-
ber on the Council of Economic
Alvisers maintzined thac the reg-
ularions would cost a whopping
$60 billion—az figure quickly
s¢ized upon by industry opposi-
tion. The EPA’s own cost esci-
maz¢ was much more modest,
berwezn 86 billion and $8 billion.
In making her case for the new
regulations, however, Browner
publicly disavowed even her own
agcncy’s cost =stimaces. She
argued that induseey would find a
way 1o do it chesper.

Whoem to believe? Confronted
with conflicting estimates, most
lay people either throw up their
hands or choose sides idevlogi-
cally. But history provides a basis
lor evaluating these estimacas.
Noz only do induscuy lobbyises
wildly overescimate the costs of
atsnased environmencal regula.
tions. More surprisingly, academ-
iz and government ¢cconomists
coasisienddy do tno—and for an
cqually surprsing reason. When
farecusting the costs of new envi-
mameneal regulations, economic
1ralysis routinely lgnore a prima.
¥ ecoromic lesson: Markers cut

In July, Carcl Browner, chief

costs through innovadon. And
innovadon can be promoced
through regulaton, This history
is worth beardng in mind as we
approach the most imporranc
enviranmental controversy to
date—how to deal with the ¢ri-
sis of global warming,

THE ABCs oF
OVERESTIMATION

[n every case we have found
where researchers have ealculace
ed actual regulatory costs and
then compared them to ex anze
cstimates, the estimace exceeded
the acrual cost. We have uncav-
cred a dozen such effores, raag-
ing from A (asbestos) to V (viny!
chlocide). In all cases bur one, the
inital estimates wera ar lease dou-
ble che actual costs.

Asbestos, When the Qccupa.
donal Safety and Haulth Admin.
istrazion (OSHA) insticured reg.
ulations covering expesure ta
asbestas in the aarly 19705, they
hiced 3 consulting fiem o esti-
mace the cost of compliaace.
Two later studler found that the
original predicrion for the cosr of
compliance was more than dou-
ble che actual cost, because of
ovezly static assumptions.

Benzene. In the late 1970s,
the chemical industcy predicted
that coatrolling benzene emis-
sions would cost $350.000 per
plant, Shortly after these predic.
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tions were made, however, the
plants developed a process chac
subscituted other ehemicals for
benzenc and virmually eliminaced
conrrol cases, :
Chlorofuorocarbons (CFCs),
Iz 1988, ceducing CFC production
by 50 pescent within 10 years was
estimated by che EPA to cosc $3.59
per kllogram. By 1993, the goul
had become much more ambi-
tious: complete eliminarion of
CFC production, with the dead.
line moved up two years, to 199,
Nevertheless, the estimared cost of
compliancs fel] more than 30 per-
cent, to §2.43 per kilogram, And
where subsétutes for certain CFCs
had not been expected 10 be avail.
able foe eighe or nine yeary, indus.
try was able to idendfy agd adope
substitutes in as lictle as two yeass.
CFCs in automobile air con-
ditioners. In 1593 ear manufac-
turers estimared thae the price of
2 now car would increase by
3630 10 $1,200 due 0 new regu-
lutions limidag che use af CFCs,
In 1997 the actuul cost was esti.
maced 1o be $40 to 3400 per car.
Coke ovens, The original
OSHA estimate for the cose of
complying with che 1976 coke
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oven standard was more than
five times highar than estimates
of actual costs. OSHA's contrac.
tor suggested chat complying
with the standard would cost
from $200 million ro more than
$1 billion. However, 2 Council
on Wage-Price Scability study
lacer estimared che actual cosc of
the standard o be $160 million.
The OSHA consultanc estimat-
¢d that three steel firms ia thar
sample would spend 393 million
on capital equipment and $34 mil-
lion in annual aperating costs to
comply with the regulacions. A
later study by Asthur Andessen
determined thuc the thres frms
scrually spent between $5 million
and $7 milllon in 1977 ro comply
with the srandard, and only $1
million to $2 suillion on capital
expenditures. Ultimacely, firms
were able (o meet the stzadard
without incurring all of the capital
coses in the Brst year, and actual
compliance coss were dramaticul-
ly lower than eriginally predicead.
In dhe late 19803, coke produc-
tion again came under regulacory
scrudny, this dme by che EPA. In
1987, the agency estimaced that
the ¢ost of conerolling hazardous
air pollution from coke ovens
would be roughly $4 billioa. By
1991 that evdmate fell @ becween
$250 milllon and $4C0 million.
Cotton dust. In [976, OSHA
proposed 2 maximum permissi-

ble expasure limit of 0.2 mil- -

ligrams per cubic meter for eot-
ton dust, und its consuleanc esd.
mared chat compliance coscs
would be approximately 5700
million per year. The scandard
promulgated in 1978 accually
allowed for higher exposurc lev-
els in some sectors of the texcile
induscry, but the small changss in
the standard do not fully explain

the decrease in estimated compli-
ance costs; in 1978 the cstimare
fell 0 $205 million per yaar.
Moceover, a new study conduct-
cd in 1982, after cthe Reagan
adminiseration called for a
review of the staedard, conclud.
ed that compliance costs wera
$33 million per yeur.

Halons. la 1989 members of
the United Nations Eavironment

-Program’s Halons Technical

Optons Commirnee disagreed on
whether direct balon replacerments
could be found and whether a
phasc.our was possible. However,
in 1993 the cammires concluded
thar a phase-out of halons, a sub-
sunce found in fire &xtinguishers
that destrays che ozune layer faster
thaa chloroflugrocarbons, would
be both technologically and eco-
nomically fasible by 1994,

Strip mining. Prior 1o the pas-
sage of the 1978 Surface Mining
Control aad Reclamarion Act,
estimaces for compliance coscs
ranged from 36 to $12 per ton of
coal Actual costs for eastarn coal
oparations havc been in the
range of 50 ceats to 51 per ton.
Akeer the regulations wer: adopt-
ed, the market switched away
from coal deposits wich high
reclamation costs. Readv subsci-
tuzes included surface-minable
coal in Hatter areas Iwich lower
reclamation costs), and under-
ground deposics.

Vinyl chloride. OSHA's vinyl
chloride srandard, ser in 1974,
provides a final example of wildly
excassive Cost projections. The
agency's consuleant estimated char
it would cost $22 millioa per year
to mect che permissible exposuce
limit of 2 to 5 parts per million
(ppm) la che viayl echloride
monamer sector, and $S7 million
pec year to meet che 10 ¢0 15 ppm
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cxposure [imnit in the pojy;i
chloride sector. In add}ijcio:l?}r:
consulrant argued chat che | Ppm
permissible exposure limig simply
could not be attained. The presi-
dent of Firestone's plastics djy;.
sion said chat a standurd of 1 Pem
“puts the vinyl plastics industey
on a collision course with ¢cq-
nomic disasvar.”

In spite of these proceses
OSHA did adopt the strier per.
missible cxposur: limit of 1 ppen.
A study conducted severul yeqry
later by reseacchers from the
Wharton School af Business eg.
mated chat the toeal cost of com.
pliance for both secrors had been
abouc $20 million per yesr. A
1976 coungressional research
Paper also indicared that the acru.
al cost of compliance was dramar.
ically less than the original predic.
tion. The early claims thae che |
ppm standurd <ould not be mer
cvaparated; instead, the regulaco-
ry action led o abour a § percenc
risc in polyvinyl chloride prices.

ile coses have
been consistently
overestimaced for

emission reduction, they have
been understimuted for enviroo-
menzal cleanup. For example,
when the Clean Water Act was
enacted in 1972, the EPA astimac
ed chac $12.6 billion was nesded
to provide szcondary sewage
treacmienc systems. Aceording to
the American Enceeprisc Insdtue,
actual spending for sewuge treat-
menc berween 1972 and 1981
excecded S160 billion.

Costs for the Superfund pro-
gram have also mushroomed.
When first launched, people
expecred che mundaced cleanups
t0 apply to a small haadFul ot
Love Canuls. However, the pro-
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cam has expanded dramatizally,

20w covering far more than 2
chousand sites. In addition,
cleanup has proved fac more
costly chan prediceed: The aver-
age ¢ost oversun on cleanup
cxpenditures ac Supecfund sires
hos been 44 percent.

The message from these cases
is clear. On che one hand, treac-
ing already polluted water, clean-
ing dircy soil, aud scrubbing oily
racks coits a lot of moausy,
(much) mare thaa expected. On
the other, when it comes €0
ceducing pollurion emlssions ac
the source, it is almaost certain @
be (substancially) cheaper than
we chink it will be. Updating
Pocr Richard’s Almanack, an
ounce of prevention is clearly
worth a pound of clesaup.

y were che esti-
mated costs of
reducing emissions

at the source so inflaced? The rea-
son. of course, is “technology-
forcing.” Whea industry is
required to lower pollution out-
put, it usually doesa't just slap 2
new filter on an existing process;
it often invents new technolagy.
Frequencly the new technology
turns out to have higher produc-
tivity benefits, which help to offs=c
the cost of the regulation. To sex
this, it is worth locking in detail at
two high-profile cases whers mar-
kats have tesponded to reguladon
by cutting costs.

CokE BREAK
Robert Haha. a well-kaown

environmental economisc, is cur-
reacly a resident scholar ac che
American Enterpeise Instituce
and an adjuncr cesearch fellow at
Harvard's Keanedy Schoal of
Government, and is a former

senjor staff member of Bush's
Council of Economic Advisecs.
In 1990 he and 8 co-author
wrote a report for the U.S. Busi-
ness Roundrable predicting the
impact of the propesed Clean
Air Act amendments on cmploy-
ment. These amendments had
the dual purpese of cleaning up
both acid rain and so-called “alr
toxles” from industrial planes.

The executive summary of
Hsha's report leaves “no doube
thac, across the Clean Air Act
Amendments studied, chere ace a
minimum of several hundred
thousand jobs at various levels of
scvericy of risk—even with die
more maderate (Bush] Adminis.
tration proposals.” Haha's
absolute minimum prediction
was 20,000 jobs directly lase,
mostly from the closing of coke
ovens in the steel industcy. Hahn
and his co-auther viewed this as
“truly a limiting, rock-botram
estimata” for several reasons,
Imporrant among them was that
ft considered enly job losscs aris-
ing fcom ons potrion of the
bill—control of air toxics.

The amendmears did pass
later in 1990. The bill was in
MOSC Cespects more reserictive on
air toxics than che oac on which
Hahn's study based its minimum
Job Joss estimares. The legisladon
also authorized retrainlng funds
of $30 million per year for dis-
placed workers, which gives a
nice way to track job inpacts.

In cthe almost seven years since
passage of the legislation, fewer
than 7,000 workers have recaived
ald because their jobs were affect-
ed by the Clean Air Act amend-
menu. And the vust mejocicy of
these have been eastarn. high-sul-
fur-coal minets, who have been
laid off due not to the iz toxics

provision, but to the acid rain

amendmente. (The same legisla-
. tion has in fact led to & boom in
.the western, low-sulfus-coal

incustry.) No worksrs from shue-
duwn coke oven planes have
received adjusunent assiscancs,
And berwzen 1992 and 1995,
production in the coke and
(closely related) blast furnace
industrizs acrually inereased, from
31.74 billion ro $1.95 billion.

Hahn was consulting for indus-
try here, so it is not surprising thac
his numbers were a bit on che
high side. Corporate America,
when faced with new regulations,
has never bexn shy about claiming
chat cthe sky is falling. Bue Hahn is
not a hired jgun; he has very salid
academic crededdals. How could
he have gotten it so wrong?

It curns out thaz Hahn's ovar-
esdmation of regulatory impacrs,
while extreme, is not unusual. In
facr, as we bave seen in every case
for which we have been able w0
wrack down dara, academic and
govemment gconomists have rou-
tinely overesdmaced the costs of
ceducing palludon emissions—by
at least 30 percent. and generally
by more than 100 percent.

THE ACID TEST

The EPA’s acid rain program
is another dramatic case in point.
Since 1995, eleccrical wusilicies
have been required ta held per-
mits for each ton of sulfur diox-
ide they emit. Thesc permits. in
limited supply. are distribured o
firms each yuur by che govern-
mear. The innovailve featuce of
the program is that the permics
can then be bought aad sold.
Given chis, permit prices roughly
reflect per ton pollution control
coses. This is crue because a firm
geaerally woulda't buy an extza
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permit if the cost of doing so
exceeded the cost of reducing
sulfur emissions by a ton.

When the tradable permics
market was being designed in e
cacly 1990s, credible induseey esu-
mates of permit prices (and thus
control costs) were $1,500 per
con; the EPA was predicring $750.
Tn 1997, permics were in face sell-
ing for uround $100 a piece.

Part of the current low permic
price is due to a higher than
expected initial supply of per-
mics, but real compliance costs
have in fact been two to four
times lawer than the EPA
expected, and four to ¢ight tmes
below industry esdmares,

TMr VIRTUE OF MARKETS

Whea cavironmeatal econa-
mists figure thair cost estimaces.
one parricular Iapsc is quice srar-
ding. Economists have tended to
grossly underestimate a virrue of
mackets they readily preach else-
where: flexibility. When pollu-
tion regulacion makes a cerrain’
type of production more expen-
sive. markets adjust—in fairly
rapid order, uncovering substi-
tuze methads of preductioa, and
developing cheaper cleanup
technalogies. This fact, while not
complecely ignored by econo-
mists, is seldom factored into
thelr ¢ost estimates. Instead una-
lyses tend to predice furure costs
saatically, as if Arms would con-
tinye ro use cxiscting practices
and technologies.

So, for example, che much
lower than expected costs for the
acid rain program can be
explained in retrospect by the
increascd flexibility thac fiems
were given to achieve their man-
daced reductions in sulfuc diox-

1ide emlssions. Racher than install

cxpensive scrubbers (or buy
exera permits), muny more firms
than expected have me their sul-
fur dioxide targets by switching
t0 low-sulfur coal, or developing
new fuel-blending techniques.
Railroad deregulation, along with
economies of scale, led to an
unexpecred decline in low-sul-
fur-coal prices. And with the
incréased compedtion from coal,
secubber prices fell by half from
1990 to 1995.

All this is easy to see after the
fact, but would have bean very
hard to predict. Hahn gor his
20,000 last jobs from air toxics
regulation following this same
pracefee—ignoring innovative
market responses. While paren-
chetically noting thar *technolog-
ical improvements could reduce
the dircee econamie impacrs,”
the study explicicly ignores the
possibility “because of the diffi-
culdes In predicting how rech-
nology will evolve.” Beeause in
the mid- ¢o late 1980s, available
control rechnologies for coke
ovens seemed to be quite expea-
sive, Flahn assumed chat regula-
ing air voxies would simply shur
down much of the indusuy.

Howevar, 95 we saw above,
the EPA's own estimates of con.
trol costs for eoke ovens werce
Plummeting even as Hahn was
writing his report. By 1991, they
were down by a facror of cen ar
more from the 1987 forecascs.
Haka may not have been awace
of the EPA's work; instead he
cites un industry souccs to justify
his claim chac “there is wide-
sprcad agreement thae coke
ovens will be required ro close
down, with a0 estimated loss of
13.000 jobs.”

A secondiry reason for the
overestimates s thac in implemen-

tation. legislation is nevar as dra-
conian as it appears on paper. [n
practice, timetables get stretzhed
out, corpliance dares ger exzend.
ed, and waivers are granted. Even.
tually rae regulations begin to
bite, buz indusry is usually given 3
fair amoun: of time to adjust,
Most cost estimates assyme high
deyress of near-term compliance.

&ring into the future s
hacd work, It is, in faer,
close to impossible for

€COnOmists 1o predict the specifies
of how technology will evolve.
This is espedally true since much
of the informaton about potential
innovations consises of closely
kdd trade secrets, which lndusery
has little incentive to reveal. Bur
basing cest predictions on scenar-
105 that assume no technical evo-
lution is guaranteed to produce
8rosy overestimates. Innovadon is
indeed something ar which mar-
kets aze very good. When given g
narrowly defined rask—eo pro-
duce commodity x emitting less of
pollutanz y—short-term substicu-
dons and leng-term shifts in tech-
nology guarantee large cost redue.
tons gver currear practice.

INFLATING CosTs,
IGNORINGC BENEFITS

In the fate 1980s, when che
intematiocal phase-out of ozone-
destraying CFCs gor underway, a
compar; called Noctel began
leoking far substicutes. The com.
pany. whica had used che chemi-
cals as a deaning agenc, invesced
S1 millioa te purchase and
employ new hardware, Once the
redesigned svstam was in place,
however, Nortel found chat it
accually saved $4 million in
chemical waste-dispasal coses
and CFC puschasas,
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The CFC tegulatory compli-
z o costs for Nortel cleady were
%g) million. But how do we figure
T3 the 54 million savings? Ecogo-
BEF giscs have long tecognized that a
12 dollac spenc o8 cnvironmental
& z [lution coatral is Bat the “true”
AT Lost to sodiery. Some have argued

ot the cost Is ip face much high-
AT o because cavironmental spend-

% ing wdiveres” capital investment

4¥ from more productive uscs-

In recent years, by conrtrast,
X3 Michael Porrer of the Harvard
A7 pysiness Schoal has been poindng
45 1o examples like Norcel o argue

A2 hat cavironmancal reguladons, by

£ forcing fizms to sethink heir pro-
:§¥" duction proccsses, can often lead
co lower production ¢osts and
lead 2 competitive advancage.

Motce geaerally, much of the
J5 ceparted costs of environmen
cegulation occurs when firms

o
Y
-

..
L

thotoughly redesigned to be
.. both clcaner and more produc-
4:. tve, Many of these investments
~ would have happened sqoner ot
" later anyway. So a primary effect
of regulation is to speed up the
investment process. This is costly
0 frms. sinca chey must scrap
old machinery thaz is ROt necss-
ssily wom out. Whea this bap-
pens, however, much of mea-
sured compliance cost is in fact
just eacly capital invescments.
This ia tucn implies thae che
compliance figurcs ars muck
higher than the real costs.
Researchars 1t Resourses for
the Futuge recearly conducted 3
study asking how much $1 spent
on environmental protection real-
ly costs an induscry. For some
Industries. specifically szeel. the
answer was llrde more chan 31
due to the diversion effect. For
athers, potably plastics, the indus-

- invest in new capiral equipment,

try actually saved moncy as pro-
ductivity was baosted. On aver-
age, the study concluded, §1 spent
on environmsnal pollution con-
wel reflected a real expense of 13
cencs. In gencral chen, wen when
cast estimaces are "COrTCT.” this
new reseacch suggests thac the
teported values ofzen ovesstare the
true costs o the firm, on average
by a factor of seven.

Tyxs Roabp 10 KvoToO

The debate over compliance
costs is now heating up for the
mother of all pollution issucs—
global warming. Tnternational
negodators are at work on what
ace supposed to be binding car-
bon cmission reduction require-
ments, to be ansouneed in Kyoto
in December. The European
Union is pushing for a 15 per-
cenc cue below 1990 levels to be
achleved by 2010; the members
of the Alliance of Small Island
States—whase very cxistence is
at stake due to anticipated flood-
ing—wanc a 20 percent cutback
by 2005.

The United Scates, by far the
woeld's biggest greenhouse pol.
Jucer. is dragging its Deels, Presi-
denc Clincon, when pressed to
comymic the U.S. to spexifics, has
promised ouly to conveas a cen-
ference in the fll to ry to schicve
a consensus among American
industry, labor, and other groups
on the nesd for action. And Clin-
ton will cleady face a tough sales
job for racdfication in the Republi-
can-conerolled Senate.

Academlc economists have
lined up bebind a stzong U.S.
Jeadership role in Kyoto, Green-
house “maderates” lika Yale’s
William Noedhaus and Harvard's
Dale Jorgenson headed ap a list of
moce than 2,000 economists who

signed a letter arguing chat a first
round of cachon emission redue-
tions could be achicved ac relative-
ly low cost. And in lace July co he
dismay of U.S. industsy, the Clin-
ton economic team published its
official cost estimates, confirming
this general view,

There is 2 minority opinion
among economists that reducing
greenhouse gas emissions will be
very, very cheap, and in the long
run, even profitable. The reasons?
Already existing energy efficiency
tachgologi¢s can help the United
States break ies addicrion to
cheap il without toe much pain.
And within 2 decade or two,
recewsable fuel sources—coupled
with efficiendly redesigned tech-
nologics—will be cheaper than ol
or coal are today. In chis view, the
sooner we redirect the market
into a serious search for alrerna-
tives to fossil fuels, the richer we
will be in the future.

There are, however, likely to
be transitional costs, boch for
warkers, pardculacly ip fossil fuel
industries, and for Third Wosld
councrics. In the past, govemn-
ment has not dane a very good
job in equitably sharing che bur-
dens of such transitions. This Is
no reason to reject a global
warming accard, bur it is 8
scrong reasen to be alest fo che
allocadon of costs and benafits,

In the global warming debate,
as when past enviconmental regu-
lations have been proposad, there
ace the three compliance cost sce-
narios: apocalyptic (industry),
doable but cosly (academic and
government), and profitable (2
few visionaries), Qur guess, based
on the record of previous acade-
mlc and governmens cost fore-
casts, s somewhere berween
doable and profitablea
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EPI Review of DRI 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 swudy 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.
This attachment will focus on the EPI-DRI report because there is a detailed explanation of their
methodology.

The model used in the DRUMcGraw-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 are 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.

e This type of model tends to distort the adjustment behavior of the economy. As a result,
errors duc to the rigidity of the model are 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 IAT, 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 parmit 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 (IAT) which
estimated permit prices between $80 - $100 for the samé scenario. As a result, energy
price increases are much greater in the EPI-DRI review. These higher prices are 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 mode! assumes smaller price and substitution elasticities than used
by the IAT; again, this is a result of the limitations of the model which dees 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 AEO97 baseline or the IAT report.

. For example, in 2010 the EPI-DRI report baseline case predicts 1,746 million
metric tons (mmt). The Energy Department predicts 1,722 mmt, and DRI in the
" IAT 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 [AT.

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 unemployment.

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

EPI highlighted the results of a1991 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
DRI and the Federal Resercve 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.

- @doasg



