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Nole fo the tesder rom (he UNU

Future Global Change and Modelling is an ongoing programme thal aims to have the
United Nations Universily serve as 8 {otum on the megaliend of global change and
sicuctural traosformatlon. This programme (s & respoase o the need to evaluate
recenl changes In the perception and struciure of the world's politlcs, economies,
demography, technology, ecology, snd ethics. Practitloness of futures 1eqeatch have,
over he past few decades, develaped an ariay of systemailc sod powerfu) method-
alugles In sn eforl to understand the range and probabilitics of tuture globa§ sce-
natios. The UNU bulngs lagelher this intenatidnal communily of tcholars to under-
take lutures studics of globsl change and Incorporute & wide range of varisbles and
meilindologics to Incresse both the eadly wainlng end longes-term plenning capacl-
lics of the UN sysiem snd policy makers in genersl,

This boak is bated on the first of @ serdes of UNU conferences on Fulure Global
Change and Modelling held in Tokyo In October 1991, Scholars and representalives
from vasious UN agendes and leading research instltutions tram 17 countries dis-
cussed Immediate and long-term world problems with simulation soalysls by various
maodel systems, Subtequent UNU conterences held under this programme include
Amme Reduction: Economlc Implications In the Post-Cold War Bra, and Globsl En.
vicanmenl, Energy, and Economle Development.
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Modelling global
change

Edited by Lawrence R. Klein and
Fu-chen Lo

Unlted Nations
Unlversity Press
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Cuomments on chapter 8

stetile and did not o further to cxploil the polential of the simple,
but differentiaied enough model. Thus, for example, i might be
inlcresling to analyse the cficels of various asymmelric policies, in
which various couniries would face different larget levels, or the po-
tential use of compensation schemes to induce lesy developed caun-
Ities tu introduce abatemient measuces, For it is highly probable that
cancerfed internalional measures will be hindered by the pressing
necds for development and economic testructuring of the less ar me-
dium developed countrics, who on the other hand are emilting a signil-
icant amount of greenhouse gases {eading to glohal consequences,
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Modelling future greenhouse
gas emissions: The second
generation model description

J.A. Bdmonds, H.M. Pitcher, D. Darns, R. Bairon, and
M.A. Wisc

Infroduclion

The analysis of greenliouse gas cmissions has made cnormous prog-
ress during (the caurse of the past decade.! Analysis has progrc.sscd
[rom the use of simple lime-{rend extrapolations (o the analysis of
‘emissions of several greenhouse gases wilh parallel but ind:pcndcl,l
behavioural and optimization mudels of cacrgy, manufaciuring, agri-
cullure, and land-use systems, Bul our abilily 1o examine polential

fulure scenarios of greenhouse gas emisslons is limited because

modelling tools adequate to the tosk of infegrating snalyses of luch-
nologies and human activilics on a global scale with regional detail,
including energy production and consumption, agriculture, manu(;.:c-
lure, capital formalion, and land-use, along with the jnlcrdcpcndcncles
belween these calegorics, do nol yel exisl.

The first'gencration of madels wete specially models which fucused
on a particular aspect of the emissions problem without rcg.ar.d. lo
how thal activity inferacted with other human and nalural aclivitics.
The Edmonds-Reilly madel (ERM) (Edmonds und Reilly 1945), fur
example, is a global encrgy madel in which the produciivn of com-
mercial biomass has no interaction with the agriculture sector or land-
use In general. The Global 2100, Mannc and Richels (I‘)W);n,h,c,d,{
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tY91) is 4 computable general equilibrivm madel, hut is limiled in its
applicability beyond energy-reluted issucs. Other cumpulable general
cquilibrium models such as Jorgenson and Wilcoxen (1990a,b) focus
exclusively on national issues. Other modelling sysicms such as
the Atmospheric Stabilization Framework (ASF) (Lashof and Tirpak
1989), utilize @ system of models ihat provide plobal coverage of
all emissions generating human activitics, but do nol provide a con-
sistent analysis system In which the interaction between human
aclivilies can be analyscd. The nuinber of models in use (o analyse
grecenhouse gas emissions reductions is large and growing, Including
for example: Nordhaus and Yohe (1983); Fossil?, AES (1986, 1991);
OREEN, Burniaux ct al. (1991}, OECD (199(); CETA, Peck and
Teisberg (1991); GEMINI, Scheraga el al. (1991); and IMAGE,
Ratman ct al. (198Y).

The current state of underslanding of the nalurel science of Ihe
plobal environmental change issue indicates thar a varicly of gases
are assoclated with poleatial changes in the radiative camposilian
ol the atmosphere. These gascs include: CO,, CH,, CO, N;O, NO,,
S0;, VOCs, chlorofluorocarhons (CFCs) and CFC subslitutes. These
Rases arc released in (he process of a wide vericly of human acliy-
ities including: fossil fuel produciion, transfer and oxidatlon, land-use
change, silvaculiure, the application of same ferlilizers (o crops, the
husbandry of ruminant livestuck, the cultivation of welland rlce, and
specific manufacturing pracesses such as ccment manulacture, nylon

* manufaclure, and chemical manufaciure, Moreover, though local air

chemisiry plays an important role with regard (o very shorl-lived?
gases, il is the sum of all relcases and absorplions of all gases by
oll human activities thal governs the shori-lerm? sate of change of
the almospheric compasitlon of radiatively important gases, and (he
earth’s a{mospheric radiation profile. In addilion, the humap acfiv-

ties thal govern_cmitsions are interdependent. Thal is aclions thal

are faken in one scgmeni of the economy alfeci’other segments of the
cconomy. These inleractions sre likely to become extremely impor-
tant il policies are undertaken 1o reduce palential fulure emissions.
Por example, catbon (axes raise great quantilies of revenue. While
the disposition of (ax revenue can gencrally be assumed 1o be unim-
partant 1o the scale of macroeconomic aclivily, this is cerlainly not

- the casc_wilh carbon faxes (Bradley el al. 1991; Brinner el al, 1991;

and Scheraga el al. 1991). Other polential policy actions such as (ree
planting (o enhance the carbun sink andfoc the extensive develop.
menf of polenlal biomass resources 1o replace fossil fuc) encrgy

o Al
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suufcus, can have suhstantial intpacts an Lnd-use, Mathoud (1U8R),
Kinsman and Mailand (198Y), Sedjo snd Solomon (1Y8Y), Muullu:}
and Richards (1990), Adams et al. (1991), Dradley ct al. (l99'l), aln
Barficld et al. (1991). Finally, it is cssential that Ihe rulnl.utns m:
between lechnology, instilutions, cconomics, and human activity he
icitly represented. .
CXPNI:'%I:c’:HIy existing model is capsble u(.ussu.ssmg llu:. glf)hul
cmissions (rom all human aclivilies and the major t!llccl and |nd|n:cll
consequences of potential policics o reduce emissions. Fulure ina {
ysis requires a more sophislicaled suite of.modcls. The new suitc o
madels mus! Include bolh a glohal integrating !!}Q‘!E.'.?:!‘E..CQF‘!P.‘;“"'C
Tcgional/national_models. These ncw madels must he cupal)c.l(lf
éha'[;s'in the emissjons of all greenlinuse gases from all S(.H.;ILL‘,
including both those of natural and human origin, and pruvide ar:
analysis of the Inicrplay belwcen the varicly .u( human und naturs
aclivilies responsible for greenhouse gas emissions. -|. .
The purposc of this paper is to descrihe the design of a model, Lll.l‘-
rentlly under development, which is capable of addressing gl.t‘cnhlnfu'
gas cinissions and the polential consequences of fxllcmalnc ‘pnhc)
options. We reler lo this madel as the second generation mndel (SGM).

Paradigms for (he SGM

The development of SGMs will beaelit grcfmy !n'm.\ the appllcal.lllll
of ihree siinple principles: prablein oricnlatian, minimunt r_nudclhng:
snd psrametric modelling. The overriding design prl.ncmlc is thal the
model should be(problemn oriented)That is, the design of the madel
should be derived fiam an analysis of the underlying problem. Model
design cannot begin with the set of avsilable n_\m.lcls and then iry lo
make the problem fit exlsting model characteristics. For ngcphuuxc{
gases, the Issues to be addressed src: What are global cmissions o
‘greenhousc gases likely lo be over the caurse of lhf: nexl five to .IO(;
ycars by region and human activily? What effccl will lh.c excrcise 9'
policy instruments to conlrol cmissions have and what will they coxt?
Whal effect will new technologics have an c-:mlmons'l .
Beginning with the problem and warking 10 the c:lcslgn'uf_ the
modc| ellows the Implemenlation of the sccond design principle,
minimum modelling.)Minimum modelling means that the mouct con:
Waﬁon pertinent lo answer the research question,
bul no extrancous Infarmation. If chemical manufuflu.fc'ol Cl.?(‘.x is
an imporlant acllvily in detetmining the rate and fiming of cl(nmalc
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change it should be included. Morcaver, the mode} should b@-
L@Thal is, the model should utilize a database in which il
pariameters are open o examinolion und chunge by the uscr. In addi-
linn, the mudel should be an open madel, The purpose of the model js
not to provide a one-pass forecast of the fulure., Where complex hy-
nian aclivities subject 1o public policy aclion are involved, the fulure
is lundamentally unpredictable. The purpose of a (ormal niodel is (o
provide o consistent, teproducible framework in which (0 examine
pussible scenarios, It is important that model resulis be repraduc.
ible and that the model be open la publie scrutiny, and criticism, and
that all of the parameters be available (o inspection and alieration

by model users. Pinally, given the complexity of Ihe model, it is im-

noriant (o usc a sequential model developinent process, beginning

with a sinple model and adding additional imporiani behaviours ina
scqnemtial fashion,

In applying the above cited principles, it Is nccessary lo begin by
outlining the pertinent dimensions of the greenhouse gas emissions
pheanomenan. The critical fentures ussacialed with the emissions of
sadiatively Invportoni pascs arc as {ollows:

I. The Issue is global, emissions from all sources in all reglons of the
world detetmine 1o(al slmospheric change;

2. 1he greenhouse results from (he emission of nultiple gases in-
cluding: CO,, Cli,, CO, N;0, NQ,, 50,, VOCs, CFCs, and CRC
subslitutes;

3. emissions result from Jwdiiple hianen acrivigjes including: agricul-
ture (including forestry), encrgy production and consumplion,
(ransportation, manulaclure, services, and land-use;

4. emissions depend upon nmlllgle'_(_e'_:gy.rg_q_ar_rd,(_eclﬂgkpg{_q: in-
cluding: managed and unmanaged ecosystems, capital slacks, and
labour;

5. emisstons depend on internationol frade patierns, and possibly,
migration patlerns;

6. faclois 3,4, and § depend upon _institutional arran emnents:

2. policy analysis requires both mid-term (Ave-year) and long-term
(1U0-year) time horizons. )

The second generation model
In light of the above discussion we have undcrtaken the design of the

SGM incorporating the above-lisied crileria into the model archi-

w A
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lecluce, The model is global in scupic, with five-year lime steps wnd &
horlzon of 2100. All the major sautces of greenhouse guses, ats well as
SO; will he modelied. "The economic madel is a3 menther of the chss

referred {o as computable gencral cquilibrivm madels. It contsins -

scctoral detail on houscholds, government, agricuiture, encrgy, a_nd
olher producls activities. Capilal slocks are .kcpl by vintage, with
cconomic retirement and reirofit options availablc. Depletable an.d
rcnewahle resoutces are tracked in addition (o land-usc., F,cunlfr‘mc
decision mukers juclude houscholds, governnient, und'pmducurs. Fhe
model js regionally disaggregated, with key cuuntrics {cpt.usunlt:d
individually, Trade hetween the regiuns occurs in enerpy, agriculiure,
ond uther producis.

Madecl avervicw

At base the SGM is a very simplc model. Figure | Jdeplets lh_c hasic
siruclure and Nlows of goods and services within the SGM versian 0.0,

At the cute of the madel are three praductive sectars: agriculiuie, -

cnergy, and other producls. These, us we will discusy, are disaggre-
galed into 10 seclors in SGM version 0.0. The Breatest disopprega-
tion, eighl seclors, is found in the encrgy seclor. 'H‘u: ccnlrnl'lo'cus un
energy reflects the cenisal role cnergy issues plf:y in determining the
fulure releose af radiatlvely finportant gases inio |h9 atmosphicre,
Agriculture is similarly handled separately d_uu to '.hc. importance of
agriculture and land-use issues in deternining cmissions. A.ll (?Itlcr
production is aggregated Into a single scclor, other products, in SGM
version 0.0.

The thice produciive seclors use Ihree primar)j luctors of pra-
duction: land, labour, and capital, in combination with produccd fac-
tors: encrgy, agricullure, and other pxoduclx._lo praduce final oulpul.
Nole that two aspecis of land-use arc considcred: surface land rc-
sources, and sub-surface resources, for exsmple, energy resources.

The household sector s assumed to own land, labut{r, and privaie
capilsl. The demographic character of lhe soclely is determined
within this sector. Household supplies of land and Iabt{ur are de.
lermined on Ihe basis of the price of these factors, whnclg in turn
dctermine, with distributed corparalc profils, taxes, and subsidices, 1he
income of the houschold secior. Househald savings are also dcter-
mined in this sector and vacy with the interest rate. This sector also
delcrmines the mix of final products to consunic.
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Finally, the governmenl seclor oblains {ax revenucs from other
purls of the economy which ate either uuginentcd hy horrowing
(or reduced by govermment savings). These revenuces go to produce

three government services: general governmenl, national defence, -

end cducation.
The SAOM version 0.0 is a sell-consistent dynamic model of the 1e-

lationship between these six general humsn aclivities.

Emissions coefficients are applicd to each seclar’s associated sub-
sccior and lechnology aclivity rates to derive seclorul, regional, and
global emissions of radiatively imporiant gascs.

Modcl development strategy

T'a rcllect the current understanding of anthropogenic sources and
sinks for radialively imponant gases, and (o anlicipale the potentia)
for new sources, the model has been designed wilth a generic struc-
ture. ‘This structurc sllows for a fiexible number of production acliv-
itics, consumption activities, and marke(s. The implementalion of this
model vlilizes the sequential model development principle. ‘Fhat is,
the initial madel version will be much simpler than the intended final
version. Two mode) versions are currenlly identified; SGM version
0.0 and SGM version 1.0. SOM version 0.0 Is inlended (o provide a
proof in principle far the madelling 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 to the public and have a cample(e
documenislion scl including: thearetical modcl description, datahase
description, sollware description, and uscr's guide.

For both SGM version 0.0 and SGM version 1.0, the energy pro-
duciion, transformation, and consumplion sctivities will utilize dala.
bases developed in support of the ERM, Bdmonds and Reilly (1985),
Bdmonds el al. (1986), Bdmonds and Barns (19%0; 1991). In addition
to the energy struclure of the BRM, (wo producing scclors, agri-
cullure and other praducis have been added for SGM version 0.0. For
SGM version 1.0, the number of seclors will be increased 1o include

_expanded governmen!, lransporialion, other products, and agricul-

(ural aclivities. Pinal demand seciors for investmen!, government,
and households have been develaped. Madel development is antici-
pated 10 proceed beyand SGM versian 1.0, but such model designs lic
beyond the present planning harizon.
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Overview of the SGM structure

Any dynamic mode! has two problems that it musi address. It musi
describe where the system is al any moment in fime and il musl de-
scribe the pracess by which it evolves. The SGM is a _behavioural
anadel. That is, jj allempts 1o describe how cconomic systems behave.
It is not an oplimizing mudaf’rﬁ?dfﬂ'éi'c_ic?s_b?fﬁ?c"ﬁThTu?T\'qb—{F
proaches are nol as greal empirically 8s one mighi expect.! Never-
theless, we have 1aken the behavioural approach lo developing the
SGM for Iwo reasons. First, scveral extremely interesiing queslions
can be addressed in a non-oplimizing, imperfect foresight analysls
framewark. Far.example, the impartance of altetnotive expeclalion
formation hypotheses can he fested, That is, there is no reayon to
believe thul cnergy sector decision makers have peifect foresight. In
fact, the immedialely pteceding quarter cenlury of energy history
would support the sliemative hypothesis, that is 1hat energy decision
makers have veey imperfect forcsight aboul key future energy pa-
ramclers such us price. In sddition, the behaviaural models are com-
putilonally simpler in thai preseni behaviour is assumed (o be in-
dependent of uctual future events and decisions. This is of caurse the
dowain in which actual decision makers operate. However, the model
und its assumed behaviour docs depend on anticipated fufure events
and decisions.$

Scclors, subseclors, lechnologics, markels, and accounting

Al any momenl in limg a sel of relationships belween economic ac-
tory can be summarlzed in a st of agcounts that are ceferred (o as an
inpui-output framework. If is imporiant 1o emphasite thal the SGM is
Aot a traditional_siaflg Input-ouiput model. The use of input-output
accounling identilles "to describe economic interrelationships at a
point in lime does not mean 1hat the SOM simply uscs a sel of stalic
inpul-oulput coeflicients that are assumed o remain fixed for an
indcfinite period in the futuie fo determince produclion levels and
\icmands. Rether, the simultaneous determination of these input-

outpul cacflicients In conjunciion with a consistent sct of prices is the

principal Bioblé fading a campuiable. gencral eqiiilibrium T
{litke the SGM.

An inpal-aulpul table shows Lhe relationship between the produc-
tion, disiribution, and use of goods and services in an cconamy. A

row-column cntry shows (he quanlity of a good or service associated
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\-vilh 3 1ow by the seclar designated l-)y l!u: column. If a good :J
service is produced in the economy, it will have both a ro»;r ilnd
column assacialed with JI. Some sectors, for example, house 1({{ sl, |
investnenl, snd government, may be assumed lo consume ncw{llr:a
goods and services, bui (o provide no nel output for the rest o . 1:
cconomy. Some factlors of produclion, f'nr cxemplu, h_nd, labour, .m)l
capllal, may be ulilized for pro(duclizn mda glvci::\crcnnd, but arc nt

ing current Aows of goods and services. _
prgjf:‘l;’cgclc’;:':ling: The accouniing framewock far the SGM rc::;s;»n
simple ccanomic relalionships. For example, vie can dcﬁlr‘\c ? m(;(.
any reglon (nole wc drop the regional suhscnpl to simpli yL(] \c. n
tiun) os the price-weighled sunt af net praduction uf all praducs,

N N N .
B ! + EX; ~ IM,),
ONP:)TPI(X:—IXI:A._,-) =;P,((.,+o,+/, t EX; )
= . <
€}

where GNP is the Gross Nalional Producl.: X is the gross (Ji:)f‘\lcsl(lc
production of product.l; Ay Is the domeslic use o‘f pr?duc( iin 'l)m
production of producl ji Py is the price of product i; N is the number
of product; C; is the domestic consumption by houschalds of pr}.\d;nfl
i, Gy is the domestic consumplion by governmeni of product i, i 1;
the domeslic invesimeni uses of praduct /; EX; is the gross exparfs o
product /; shd IM, Is the grass imports of praducl {, which m.(um l-S
equal to the dispusition of nel output amoang final demand sectors.
Alicrnalively, the GNP can be expressed as the sum of paymenis to
the factars of production,

N N N ) RAL PA
GNP = Z(F‘X‘_ Z}"A",) = ; TXibi, + "‘+’_271. 1.0 ]
ial j=1 -

(2)

wherce TXibty is the inditcct business taxes; m is the profits including
nel inlerest and capilal consumplion allowances; and Af is the number
of primary factors of production (c.g. 1abour and land). e
The (undamsnial prablem that the madel must edd.r.usdw_lm ing
a sct of prices Ihat ate_cogsisien! with demands_by produccrs_an
con&umcrs_' for_goads, services, and primary faclors of productiop.

The majot behavioural components of the mode! describe the rclai

nl
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linnfhip belween prices, production, and consumplion of gaods and
Services.

Dcfining secturs, subseciors, technologies, und markets: Roc (he
purposes of SGM documentation we have chosen (o usc several
terms in a specific manner.

Sectors

“SetrorsTepreseal human aclivitics thal praduce or consume goods
and scrvices, There are Iwo lypes of sectors, producing seclors and
final demand seclors;

Producing sectors

Troducing seTTnts combine faclors of praduction, including the prod-
uclts of other praducing sectors and primary factors of praduction, to
produce nel oulput. For example, agriculiure, encrgy, and other
products arc scciors in SGM version 0.0,

_Final demand sectors .
Final demaiid scciors provide final demuads for final gaods and
services, and include households, government, invesiment, and net
cxporls in SGM version 0.0;

AMarkeis/factor inpuis

Markcls and faclor inputs are inlimalcly relaled in the SOM. A mar-
kel exists in the SOM whencever production and consumplion deci-
sions erc delermined separately In the model. Each traded good is
also polealially a (actor of prodyclion, although a product may or
may nol be used In the production process in the Implemented model.
For cxample thcre may be no net demsnd for agriculiural products
by sny producing seclors. Nevertheless, there will always exlst a row
eniry in the SGM inpul-outpul accounting struclure even If the-cle-
ment entered there is zero. Markets define the primary level of ag-
gregalion in the model. That is, all subsectors and fechnologics (see
descriptions below) In a sector/market produce a single homogencous
commadily. Markels are defined for each producing seclor plus for
cuch primaty factor of produclion, for example, agriculture, encrgy,
and other producls plus Jabour and land in SGM version 0.0;

Subsectors

A subseclor exists in the SGM whenever two human activities pro-

duce the same oulput. All subsectors within a seclar face the same
. ﬁ‘--

3
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price for outputs, bul would be expecled (o huve c'Ji[Turan pn)d.ucliun
{unctions, for example the praduction of clectricity using oil, gas,
coal, hydraelectric power, nuclear power, of sular power. Subscetors
may be defined [or both producing seclors and finul-demand sectors;

Technologies ] . o
For some human aglivities an additional level of disagpregution is

vieful, Whereas, the number of subscctors far an individusl seciof in
a specific region would not be expected 1o change frum analysis 10
analysis, there will be times In which mulliple, non-mu(ua.ny exclu-
sive, technology options should be considered. Thesc vplions have
the.same oulput price as the subseclors and sector, bul would have
individual production functions.

SGM sectors, subscctors, technologles, and nrkets

For SGM version 0.0 scclors, subscctors, and markels have been
identificd and are listed in \able 1. The technology level of the model
has not heen scparately identificd here as there is anly anc technal-
ugy for cuch subseclor in version (LA,

Economic sectors

‘There are cight energy sectors and two non-cncrgy production sce-
1ors in SGM version 0.0. Dals for the encrgy sectors is targely drawn
{rom Ihe ERM model, Edmonds and Recitly (1985) und Edmonds ¢l
al. (1986) as updaled for Edmonds and Barns (1991). The non-encrgy
sector of the economy will be the primary (ocus of cflorts between
SGM verslon 0.0 and SAM version 1.0. Table 2 shows the additional
sectors 1o be added to SGM version 0.0 to create SGM vcrsiou. 1.0.
Producing sectars can be roughly categorized as being c.ilhcr agnc‘ul-
tural, energy, ar ather-producis related. The level of duaggufg:mon
in each area is driven by Lhe need lo undersiand (actors aflecting po-
tentlal fulure emissions of greenhouse gases and the potentisl can-
sequences of policy actions to reduce poicntial future greenhouse gas

cmissions.

Agriculiure
The agriculture sectar produces food, fibre, and focest products. in
version 0.0, there will be only a single aggregate agricultural com-
modify. In version 1.0 there will be nine oulpuls, disaggrcgalcd pri-
marily on the basis of greenhouse gas emissions, The three scclo;s

3ns
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‘Tulde | SCAY secturs, subteclors, snd murkely model vetsion 0.0

Sevtar Mutkey Subgeelur

Na, No. Seclor No. Subseclor name

[ 1 Agriculiure 1 Agiculiure

2 1 Ciude oil production 1-1u Ciude vil production by grade,
Esch nvsouice grade {s mod-
elled as 8 rubscclor,

h] ) Qil sefining Conventional oil 1¢hning

|
2 Coal liquefaction
) Blonuss liguelaciion

4 4 Natural gas )-10 Natunal gas pioducilon by
production grade. Euch iesoutce grade Is
. modclled a1 a subaector.
b s Nalunal gas 1tans- f Cuaventlonal gas
formation 2 Cosl gaslficstion
) Bluna gasification
6 [ Cool productiun 1-10 Coal produciion by geade. Each
1esoutce giude b modelked ay
3 wbseclor.
? 7 Niomass pruduclion | Traditional blusnass
2 Blomuis wasie
J Blocuss farms
] 4 Uianivm produciion . 1-10 Uranlum preduction and proc

and riefinement esting by grade. Each se.
souwe grade is modelled s 2
1ubicclog,

(o1}

Qas

Coat

v 9 Electrle powes gen- ]
1
3
- 4 Bloman
s
[
17

ersilon

Nutten
Sulasfivsion
Hydio
('] 10 Other production
1 na, Howcholdy'

[} Oiher produxiiva
1 Contumer demand
2 Demoguaphics

3 Land supply

4 Labaur supply

b Savlagp

1 Ocnenl goveinment
2 Educstivn

. . l Hatianal delence
na, 11 labove na. a..

na, 12 Land na. na.

.. 13 . Ssvingafinveriment ns. ni.

n ns. Qovemment

a. Ldited houschold subsectors represent major dechifons made within the houschold scctor
rathes than subsector a3 used in the othes sectar. See secrion *Houtcholds® below far further
Jenile

Jué
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fuble 2 Scctors and subsectors sdded du SGAL versinn D.U 1o crevie SGAL senslon

1.0 L

Scetur SGM verllon DO Scctors SAM versivn 1.0 Subsectlon
Rice
Other graing Other gruing

Ruminant liveslack Huminant livestuck
Other livestock Other livestock

Agtlculiuee

Other food Qiher fuod
Fibre Fihre
Forcsis Furests

Pulp and paper Pulp and papee
Waod and wood pruducts  Wood and waed proonducis
Pracessed fouds Pricessed louds

Matenalsintensive

Manufaciuring .
Othier nnnulacluting

Other production

Passenger Iranspant Hail
Air
Pus
Other
Frelght transpurt Rail
Air
Truck
Other
Slealih wnd wiler
ervices

Services

0. Psstenger sutomobile in household sectos.

closcly associated wilh grecnhouse gas emissions are rice (pr!nc.ipally
CHy), ruminanl livestock (principally CHy), at)d'l‘nrcslry (principally
CO;). All secloss are associaled with N3O emissivns through the ap-
plicalion of fectilizer. Significant quanlities of grccnlmu.sc guses arc
also associaled with traditiona) agriculiural technulogy, in parllcul.'w
the praclice of slash and bucn. The principal inpuis in version 0.0 will
be land, labour, and energy. In version 1.0 thesc will be cxpandrjd o
include fertilizer and malerials and land will potentially be disag:
gregaled into multiple calcgorics in accordance wilh soil types and

climasle.

Energy ) '
There will be cight energy scclors in the model. Gach of these will
have subseclors as delailed in fable | 1o allow the compeling inethods
for praducing the product in question to be accuralely madeiled. {
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‘Two lypes of energy technologies will be {denlified, those asso-
cialed with deplelable resources and those associaled with renewable
resources, All energy technologies will be associalcd with a resource
constrainl. A distinction will be made between gserves and re-

sources. Rescrves are lhose resources where Iwo lypes ol energy

“have heen idenlified and whose location is known and which are

knowa (v be producible under present and anticipaled economic
conditions. Reserves are deplcted over time as they are produced.
Total teserves are augmented by additions from the resource bate,
The additions to reserves ace delermined by grade siructure of
resources and techpologies available 1o extract them. Renewable
sesources are handled in a manaer similar (o dcplelable resources
excepl that the capacily 1o praduce persisis beyond the point of pro-
duction. Solar cnetgy is an example of a rencwable energy resource.
A rencwable resource may be degraded by production, however.
Agriculiure, for example, may deplele soils unlcss investmenis ate
made (0 maiatain soil qualily.

Other products

In vetsion 0.0, the other products sector will include everything which
is neither ageicolture nor energy. In version 1.0, the other products
seclor will be broken dowa into manufacturing, passenger and freight
transporiation, and health and other services. There is the possibility
of lurther splifling manufacturing into materials and other manu-
facturing. Inputs will be capital, labour, and cnergy in versian 0.0
with ma(crials belng added in SGM version 1.0. The principal scetors
are further disaggregaled info subseclors on the basis of their im-
poriance to the greenhouse Issue, gither because they are major en-
crgy usets, ar because they are direct cmitlers or sinks for a green-
house gas.

Regions :

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

Policy oplions

Decause of the pervasive nafure of aclivities thel generate green-
house gases, 8 wide varicly of policy oplions nceds 1o be included in
Ihe_model, Making provision to model these options has had a sig- -

¥ oA
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Table 3 Reglons In SGM raodel verslans 0.0 and 1.0
SGiM verslon 1.0

SGM version 0.0

(b usa 1. USA
2. Canzds 1. Camda
). Westein Eutope 3. European Communily
{Hapan 4. Other Western Europe
. Australla/New Zea- 3. Japan
land 6. AustraliafNew Zeslund
6. Eastera Gurope and 7. Easicen Europe
Russia 8. Runia
1) China and other 9. China )
planaed Asia 10. Centrally planacd Asia
8. Mid Easl 1. Mcxico
9. Alrics 42, Baazil
10. S. & E. Asia 13. Othes Latin Amciica
11, Latin Americs 14. Indoncsia
ts. lndis
16. Philippinex

12. Suulh Karca

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

20. Africa

nificant impact on the structure of the model. In additivn to the usuul
tax and rcgulalory opfions, provisions have been made in the SGM
siructuce lo madel such sirategies as carbon sequesiration by refor-
esfation and afforestation, snd biomass energy produclion, and man-
dated lechnologies and practices. The SGM is also designed to ex-
plore the consequences of changes In resl government expenditure
pallernsfor complementary reductions in non-greenhouse laxes.

Theoretlcal structure of the model

The SGM employs a generic praduction-cost structure lo (acililale
the continued developmenl of the model with a minimum of code
changes and a flexible modclling response to the wide variely (_){ po-
tential analyses that may be required. The core of the madel is the
description of productlon acilvitics. These activitles are ‘UCSCTI.de
by.a generic production-casi relationship. This selationship utilizes
the theory of duality to describe production functions altcrnatcely in
physical or financial terms. '

' 30y
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The generic produclion/cost relationship

The gc:ncnc productiop/cosf_(G PC) rclauonshlp uses informalion
ahout prices, lechnology, and previous investiments to compule levels
of production and consumplion of commaditics as well as demands
for investiment in new capilal stock. Produclive aclivitics are de-
scrihed by functional relationships in the SGM which are referved to
herealter as lechnologies. The lerm technology is used here to cover
a hroad dreay of sctivities including everything from the production
of irun and sicel to the production of rice. Technologies, as described

“carlier; are the fundamental unit of disaggregation-in the madel.

Euch scclor cantains a1 Icasl one subseclor and each subsector con-
(ains ol least one technology. Por SGM version 0.), there is only onc
scelar, inarket, subsector, and lechnology for the production of agrsi-
cultural uulpul For the production of clectricity, there are seven
subscctars cach of which can potentially utilize multiple technology
aptians. The SGM kecps all ol its information on productive capacity
at the technology level of delail.

The SGM uscs a yinlaged description of tcchnolggics. This has a
nunther of Impor(ant lmpllcalmns First, it means thal history malters.
When u technology is installed il remains in existence and can he
opcrated unlil its relirement. New lechnologies affect praductivily
primarily af the mnrgln They can ouly allecU hisTotical decisions if
they are so attraclive (unsltraciive) that they farce prices down to (he
point where cxuung technologics are retired early (undergo fife ex-
tension). Another impariant Implication is thal ence installed, capital

stack is nol mallcable: It cannotl be shifted around from one sccior

of the cconomy fo another. [n'f¥c(, once instaliced, capual costs no

longer matler. In other words, once (he technology is installed the

decisian o operate or idle » technology depends solely on the ability
of the lechnology lo recover its current operating expenses plus laxes
and less subsidies.

A technology is described by an array of characleristics including:

. production [unction paramelers;

. emissions coeficicnis;

. capilal investment paramelers; - -

. installation paramelers (e.g. date of first availability, date of rc-
moval {rom the Jist of options, nominal lifetime, length of Installa-
tion period); and

5. vintage. :

A lechnology oplion can be described by the information conlained

Al o -

.n o
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In parameler seis 1, 2, 3, and 4. Once installed, the operating chac-
acleristics of a technology can he described by parameter scis |, 2,
and 6. '

Within the GPC rclationship, the praducing scctans all follow the

same general struclure. There are, of course, some characlefislics
that oarc specific lo a seclor or apply only (0 a subsel of scelogs.
However, the basle model structure is suflicicully general (o uccom-
modate the producliun/cosl ond aperaling characieristics of the vari-
ous producmg sectors in ils perameter scl.

The seclors represcn) the highest level of uggrcgallun ol pro-
duction characteristics in the GPC. Within the GPC framnewark, thesc
production seclors arc disaggregated inta one or mote produclion/
cosl suhscciors. All seclors, subseclors, and lechunlugics prodace @
comman outpul and {acec a cammon extecant nurket price for pra-
duccd outpul. The QPC siructurc ollacates jnvestinent to lechnul-
oglcs based an. privy invesiment history and relutive prolitabilify®
_using a logil markel- share alfocation. scheme..

As an cxamplc of this sector-subsector hicraichy, consider au
clcelricity production scctor with subsectors for coal, ail, nutural gas,
biomass, nuclear, and hydraclectric power. These subsectars all pro-
duce cleclricity, and they all receive the sanmie price for the cleciricity
they generate. These subsectors do, however, have quite different
operaling and inpul requircments for producing electricity, which will
in (urn affect their relative proﬁllblllucs ‘The allacation of invest-
ment among these subsectors in the GPC will reflect these differences
in profitabiliry.

Each technology is represenicd by a vintage-dated, constant clas.
licity of substitulion (CES) productionfcost function (one for each

21 g34
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vinlage of capilsl stock in operaliun)._Por cich lechnalogy,, techan) S 4

sglcal cﬁangc)hmugh lime can he caplured In ihc madeTthraugh the
CES producilon funclion parameler set. In SGM version D.0 both an
initial set and a terminal sel of CES cocflicients or parametess is
specified for each producing subseclor, For any (ulure vinfage, the
"CES cocfficients used sre a time-dependent interpolation between the

initial and terminal values, Different technological change scenarios
can thus be modelled in each subséclor by verying the letminal co-
cfficient values and the time required lo teach these terminal values.
The general execution path for the GPCls ta (1) delemine desired
levels of investment in new capacily, (2) operate the new capacity,
(3) retrofit exisling capilal stocks, and (4) operale ar relirc existing
capital stocks. p
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‘The CES produclion/cost-function

The CES production function can.be written,

N t/e )
n=m<[ﬁﬂo . (3)
I=l

where Xt is the gross oulput of the process; X; is the use of input
laclor I} og is the scale coeflicient; & is the individual faclor co-
eificients; and p is Lhe clasticity of subslitution paramelter.

Profit maximization implies thai,

aXs

Pi:Pob—;Y—,'

i=1,...N-M, (4)

where P, is the price of ith input; Pg is the pricc of oulpul; N — M is
the number ol vatiable faclors; and A is (he number of fixed (actors.”
Prolits can be wrilien as,

H-mt
n=PoXs = ) P ()
=1

By judicious application of slgebra, and equation (4), profils can be
expressed a5 a funcllon of price and the quantitics of Af non-variable
lactors of production via,

N-M -l/n N i\r
= “0"0[’ ~ (I'oao)"( Z-.‘?’v/ﬂpl'v)] ( Z “le) ,

{=1 fe=N-Af4)

(6)

where

e ()

It is well known thal the partial derivative of this expression with re-
spect 1o the price of the ith Input is the negalive of the total factor
demand, (hal is

on

P A | (8)

n o
3
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The demand for the ith (actor input o the production process can
therefore be calculated directly as,

/r l-p .
aq N Y .
= — - =1,...N=M, 9
i (""""P,) (Z) v =l i
where '
N )
Y= 5 aXf, (10)
I=N-M+)
and
N~ M '
Z=1- (aoPo)”(z a{”P,‘"). (1)
is )

The above equations can be used to model both operalional decision
making and invesiment determination.
Expecled [uture proﬁls from the operalion of 3 lechnology which

employs

= (Xp-ps1s-- 1 Xn)

fixed (actors over the course of T yesrs of uperation is simply,

LA n(n,l)'
"'('“)':;(Tm) ' (12)

where n(x;, 1) is the profit rate consistent with cxpected future prices
in future period 1 and dis is the discount rale.

Investment and operaiing decisions

Once a technolagy has been |nsla!lcd operalion is dc(crmmcd by the
set of factor prices (or variable faclors of production, and the quanlny
of the fixed factor employed. The delermination ol factor demands is
therefore a relatlvely simple malter. [avesiment decisions however
ate nol so simple, These are delermined boih by the present sel ?I'
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fuctar prices und the sct of expecled future faclor prices exlending
ot over the expecled lifetimie of the invesiment, In the SGM, there
nre two types of invesiments, investments in new capacily and in-
vextmients in exisling capacily, in the form of retralit and renovation
(life extension) investments. The existence of reirafil and renovalion
(life extension) invesiment allernalives means Ihat present oper-
alions are never siimple, and that the technology chosen for an addi-
tinn o new capacily may be substaaltially nliered hefore iis ullimate
reticement. The analysis of investment alternatives requires a mech-
anism lor the determinalion of expeclutions regarding future prices
and faxes,

Future pricc and fax rale expeclations

In cach scclor, Investments are allocaled among subsectors on the
hasis af their relative expected profitabilitics. Thercfore, investment
decisians for ench subsector require expected ponfit rate calculations,
which require expected prices nad tuxes for all inputs, For an apen
ccanamy the purchase price of the good produced by the ith seclor in
region 1" is given by:

I','_{ = d;_(lP;(l + JUTr,-)Ixn,_( + lxh,-l,], (13)

vhere ay Is an_adjusiment faclor (o reflect mackups and intra-
regional transport costs; Tr, is the import transporlatioa cosis for (he
ith good; & ¢ Is a lugic delven parameler whose value is 0 il the region
Is o net exporter, and | otherwisé Mxa; g is the proporlional tox on the
ith product in region 1; and 1xb,,; is the additive tax on the ith prod-
ucl in region I. .

Obviously, the price received by ihe producer of the jth pood is
simply,

Liy = Py(] +8;,Tr). {14)
The ditcct computation of n,(fo) is cumbersome. An approximation

ol this value can be ohlained by subslituting a set of present djs-
counled prices directly into the profit function. This yiclds an exact

.sulution when ji = | (sce equation [7]). The present discaunted price

fur product j (cither an input or an oulput), Pey, is calculaled by,

JId

Greenhouse gas emissiony

T L+
PelT) =3 Fulw) (Ta.’s) : (15)
where To,p is the nominal life of the investment; r is the rale uf
expecled price change; and dis) Is the discoun! rale for that sub-
seclor. . .

As noled above, the naminal lile of the invesiment is a paromcler
of the lechaology. This parameler value may be diﬂcrun_l from the
maximum polentlal life ol the technology. The lax rate /x is an cxog-
enous variable. Bollv the rate of expected price change r; and Ihe
discount rate dis are behavioural variables. Expectations of fulure
price and fax ralc expectations are assumed to be formed in onc of
two ways. Either they are given cxogenously, and assumed kaown, or
they arc formed on the husis of prior expericnce. This yiclds four al-
ternalive formalion sssumptions for future prices and taxes al inpuls
and oulpuls which can be crealed by combining assumplions |, 2, 3,
and 4 from the following maltrix:

Pormed on the
assumption thal
previous B periods
rale of change will
continue indelinitely

Prices 1 3

Taxcs P 4

Given exogenously

Nole thal whenever price of lax expectations are formed on the basis
of prior experience, the period of prior expericnce, 8, must sho be
specified. For B =0, preseal prices or laxes asc assumed lo remain
conslanl indefinilely. Furthermore, it is possible 1o run the madel in
an lteralive sequence lo develop a perfect foresighl set of exage-
nously specified set of prices. This would be accomplished t')y speci-
fying priar solution prices as the sel of cxpecied fulure prices and
iterating unlil stabilily Is reached.

We fcel thal the ability to model behaviour in which price cxpect-
ations are formed on the basls of imperfect foresight §s impodlant.
The pcridd of lime belween 1970) and the present is marked by
decision-making on the basls ol llawed foresight in energy mackels.
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;Tur(hcrmorc, the effectiveness of [ax and rcgulatory policics mey in
act depend on the expeclations formed with regard to long-term

comntilmentl.

The relationship belween the discount and infercst rates

The discount rale and the real interest rale nee

great deal of behaviaural literature suggests lh:ll n(?llesb: r(zlall(::an’:;c. l/:\
(acl' bc_: significantly diffesent from cach olher, Lind (1983), Mcler an
Whillier (1983), Hausman (1979), and Gately (1980). ']'o'rcﬂccl this
phenomenaon, the discount tale, dis, will be linked to the intereslt rale
calculaled in the madel, inferest, by a conslanl factor of addition
fac,. The sector-specific discount rale for 1etrofit invesiments, will'

therefore be given by,
dis, = interest + fac,. (16)

T'he add-on laclor for retrofil investmcents need nol be the same as
the add-on faclor for new invesiments.

The expected fulure profil rate [¢ ity i i
Bl p 3¢ 3 capacily increasing

The expecled profit rate cclali i ]
hhe expect P clafive to the capital cost, K, denoted as n,,

.7
=Ty (7

and-

B - N-Al | (l-p)/p.
= upPeg || ~ (Pegug)? ?) E a‘/("l)pc,'(ll(l‘ﬁ)))] )
i=1 '

NR,

N e .
x(‘. Z a,x'f) (= ix). (18)

1= N=M+1
lwrht:;‘;: I:IRc_ls Ihe expected nel revenue, ix is the profils {ax rale, there
ire M lixed fuctors, and the other N — M [aclors are variable factors.

R

R1T)
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1n version 0.0, there is only one fixed (actor and the fixed fuctor lerm

reduces o uf,' ')-

When investments in new capacity occur over more thun
one period

For mosk investments the decision to fnvest and the initiation of op-
eration can be assumed to occur within a single five-ycar lime slep.
This is not always the case. For example, the constiuction of nuclear
electric power planls may requirc more lhan five years [ram siarl ol
construction (o first production. Fotestry similarly requires moic than
five years between the lime of initial investmen( and the time of
harvest. Each of these clrcumslances requires a somewhat dilfcrent

approach.

Extended consiruction lime

When the consiruction fime for an addilion to capacily exiends over
Teonnrues periods then (here is an evaluation of the investment incach
of these periods under the assumplion that the fraction of total in-
vesiment 1equired in each period is cqual. That is, il (he total invest-
ment in the new capacily Is taken to be K, and (he construction lime

is Teonurwers then in each period an investmen! of

K, = K/Toomlruu

is assumed lo be made. If the investient is expecled to be prafitable
in the first period, then construclion begins. The present discounted
value of the investment requirement is then,

K (T‘—unﬂ") l I 'r lt)
K'J = (m) ; (]—-m)‘C I =1,... lwmiinn ( )

where, f is the investment period in which the invesiment decision is
being made, ¢ =1,... Teaonnsii and /ic is an index of periods of in-
vestment remaining, £ =1,..., Teontaer Note thai as cach period of
conslruction passes, the expected profit rate will rise, other things
being equal, because previous pesiod invesiments-heconie sunk cosls.

Expecled nel revenues from operation of the invesiment musl also
be discounted by a facior,
’ 4
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(’:--dil -1) 1
2 TTdn T dis fc t=1,..., Teontrur- (20)

The growth-harvest declsian .

Ihe growlh-h'arvcsl decision problem does not occur in SOM version
0.0, as all agncul!utal aclivities are aggiegate. In SGM version 1.0, a
fu.rf:suy sector will be disaggregated and this problem will accur. lln
lhls.cnsu an Invesiment accurs in periad 4, bul no revenue is received
u:\‘:: T:._..,,,lr. But Ty,ne is not predeletmined. Por growih-harvest

uction funcli i i i i
;[:nd nctions the production function given by cqualion (3)

thy = G(Cu CJ—I.A|le.AImOI,_“[ —"D). (2” .

where a is now a funclion of a veclor of climate and atmospheric slate
.vmiahlcs. and the amounl of time that has elapsed beiween the initial
investment, &y, and the present period 1, C, is a veclor of climate vari-
ahles such as for example, temperalure, precipitation, soil moisture

and cvapolranipiratlon, for 1 =1,/ ~ 1; and Almos .is a veclor of
atmospheric stale variables such as for example (he éonccnlml' [
altunsphcric COy, fat 1 = 1,0~ 1, one

. _l'hc_cxpcclcd profit rate for an Investment in a growth-harvest ac-
:::llclz :,'sccd(:,'.-u[mi':;d by equations (18) and (21) using the expecied

or the . ) LB
price vector fo hy_ mg(:'l:'rl\l:;‘al harvest Tyynen perinds in the fulure®

Tiimra * by
discountfaclor = ( ! '
2 \rvaw) @2)

tul

T(l;c value of n, can be compulcd for any Iwo potential harvest peri-
o s';. Thaireny, a0d Thyppe + 1, denoled respectively n(Thinen) and-
:r( bhln.ul + 1). ']_'hc maximum polential value for n, can be eslimated
cgin = i i 3
w{wncgvcl::lng with Tyyn = 1, and increasing the value af Tharen

"l'(TI\;utll + l) 2 lI,(TM,.‘“),

Investments with i
2 maximu . .
poul of scelo i m valuc for n, > 0 are included in the
r specific competing invesiments,

JI4
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Resource conslrained technologics

Many cconomic aclivities fske place against a background of re-
source conslraints. This is of particular interest in the ficld of encrgy
cconomics, bul is in no way limited (o the encrgy scelor. Far example,
the tesource base for conventional oil is ultirnalely finite, and cuniu-
fative production (1pm hal resource buse may polentially approx-
imale Ihe tolal resource over the period ol analysis. Fossil fuels are
an example of a depletable resource. Renewable revources, such as
solar, wind, tidal, and ocean thermal encrgy conversion alsu exist.

For renewable resources the tesource is available in cach perind in-

dependent of consumplion during the previous perind. We will deline

depletable and renewable resources us fallows:

— Depletable resources: A depletable resource is ane in which the
consumplion of the resource in onc perind affects polential con-
sumption in the next periad.

— Renewable resources: A renewable resaurce is vne in which the
consumption of the resoucce in one periad ducs nol allcet poleniiol
consumplion of the resourcc in the nexl perind.

_ Desaribing the relalionship between resources and praduction is

important for such aclivitics.

Depletable 1esources
For depletable resources the tolsl resource availablc for consumplion

over all periods is the sum of the resource avallable in cach grade of
NG gradcs, ’

NG
Ri=Y Rig (23)
§=

where R; is the total amounl of resource of type i which could be
potentially recovered under any possible conditions; und Rj is the
total smount resource of lype i, found in concentralivn ¢, or higher
up 10 ¢;-1 under any possible conditions. The resource base can be
partitioned inlo discovered and undiscavered resources. Discovered
resources are made up of extracted Tesources, RE, and reserves, RV.
Undiscoveied resources sre denated as RU. Thus,

Ry = RE;+ RU; + RY, (24)
R:_, = REI., + RUu -+ RV“. (25)
{
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Iu the madel each seclor that produces u depletable resource has
u different suhseclor for cach grade of the resource, For a given
lechnalagy, the grade of the resource is reflected in the value of
@ = ay,, in the produclion (unclion. Desired extraclion from each
resanrce grade is delermined by the expecled rate of profitahility.
The praduction function implicitly includes the cost of converling
undiscovered resources inlo resceves. Production accurs oul of re-
serves as determined by profit maximizalion suhject {o the constraini
imposed by lotal Investment in each vintage's produclive capacily.
The praduclion activily occurs only [rom rescrves, and shilts re-
suurces ftoni the reserve calegory to the extracted calegory.

Because of the muliiplicity of resource grades and the cxislence of
substitutes, there is no gunraaive that the price of o depletuble re-
source will rise a1 a rate cqual (o the rate of interest, the ‘hotelling'
yuesult.

Compelition among capacily increasing investments
within a sector

As discussed carlier, the sector Is the highest level of aggregation in

~ the modecl. Suhsectors are assumed lo produce an cssentially homo:
" geneous praduct within the seclor. For example, in SGM version 1.0

it is expected thel there will be four different types of {reight t1ans-
porl: rail, air, truck, and other. Bach will produce a common unit
of oulpul, lonne kilometres of {relght transport. Obviously, this
assumplion violales physical reslily, Nevertheless, it Is intended to
caplurc the essence of the syslem,*For cach subsectar, there also ex-
ists an additional level of disaggregalion, which we refer to as the
technology lcvel. Technologies compete within the confines of an in-
dividual subsector, and in turn delermine the overall profitability of
the subscctor. A lagit function is used to determinc the share of total
sccioral invesiment each technology obtains, That sharc is given by:

. Nioc
Stareh = m(,n"'“"/ cht) - (26)

Z(n;,(uh/Nlh:h,Nu)

i=1

where mje is 2 metric of the characteristic upon which compelitlon
is bascd for technology, tech, in subsector i, o,, is the number of

Ju
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subsectors, N, is the number of technologivs competing in sub-
scclor {, o is a sensilivily parameter, and

Nig

NO=Y Nun (a1

i1

The logit function Is homogeneous of degree zeru. That is, any sculer
change in the values of all mn lenves the values af all s un-
changed. For values of g cqual to zero, 5 = I/(N,,N.“.,.)..Ir greater
values of ny. enhance markel share, then the valuc of g is taken (o
be non-negative. (I greater values of myn diminish markel share,
then the value of o is (aken to be negative.) As the value of a ap-
praiches oo, 5 approaches ane tar the largest value of Motcihe

In this mudel, we will use the Jogit function lu delermine the
share of 8 scclor's total invesiment spending that is allocaied 1o
each subscclor, that is to say esch compeling technology uption. The
independenl variahles then arc the profil rate -values of n ohtainud
catlier. In peneral the value of o will be set 1o reflect exisling markel
sensilivity,

Aggregale seclor investmenl in new capacily

Aggrcgale regional seclor invesimenl levels are detcemincd by using
an accelerator from the previous peciods total investment. Specifically,

Ko,y = Kioy - baserateyyy - flexp(myi)), . (28)

where Ky, is the (olal new invesiment in seclor 4, in period 1 4 1;
bascralc is the base ratv of growth of invesiment; and f(cap(n)) is v
function of the expecled profit rale, exp(n).

We do not prejudice the determination of cither baserale vr the
function [(exp(n)). For present madel development we use,

K
basctatey = LU (29)

toly-

The expected rate of profit is taken to be the average cxpected profit
rate which js given by,

NO 1/«
exp(nig) = Ryyy = (an‘,nl) : (30)

."-I (
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where a,, is the profit rate for the jth lechnology (taken over all
subsectars), in periad . This detivation is given in Clarke (1991). or
SGM version (.0 we use,

Jlexplman)] = (—‘B‘LL’) . (i)

n,
where ais o seositivily parameter.

Retrolil ind renovation invesiment! decisions and the
operation of existing technology vintages

l‘ur existing technologics, or technologies with capacity already in
place, there are lour possible outcomes in any period:

1. Operate without change, -

2. Retrafit und aperale,

3. ldle the capucity, but do not tetire,

4. Rviire 1he lechnolagy.

The determinstion of operating mode depends upon the behaviousal
assuniplions. Given the five-ycar lime siep in the madel, it has been
decided to climinate option 3. In ofher words, producers will cithier
operale a vintage in the current period ar retire thal vintage.

For markel cconomies prolil maximization is the hehavioursl
paradigm. For invesiment decislons this means that NR is maximized.
That is, existing 1echnologies will continue 1o be operated as long as
cureenl operaling costs can be covered, unless othervise prevenied
from duing so. They will add reitdfin techaologies cither if they are
required ur if they add (o profitability. The behaviour of command
cconomies is similar, except that (1) substandal wubsidies, in both the
caxt of inpul factors and dircct subsidics 1o total operating costs; and
(2) sllacation schemes where adininisteced prices do not clear mar-
kets are un imporlant delerminant of economic behaviour.

Retrofit technulogies .
Retrofit technologies sre the principal camplicating factor in (he
analysis of existing (echnology operatians. ‘The level of operation of
{he 1echnology is assumed to be identical {0 the patent technology.
The udditional capilal cost, telalive fo the original capital cosl, is a
lechnology parameler. The presence or lack of presence of retrofil
aplions does not affect the base production or cost funclions.
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New retrofit options can he incurporated inlo the operatiog stiue-
ture of the technology if they elther are required or are detenmined o
be profitable. If relrofil technologics are not requirced, then it must he
determined il the base lechnology will conlinue (o be opcraled. 1l
the base lechnology can cover curient cosls, it will cantinue o be
operated, even if its present discounled expectud fulurc revenues urc
negalive. If il cannob caver presenl operaling costs, then the lechnol-
oy will be relired unless same retrolit package can praduce a present
discounled expucled fulure prolit. .

Undcr some circumstances the present technology may ceuse Lo he
an oplion because a rettofitlechnolngy musl be applied. In such vases
the lechnology will be relired unless sume relrolil packnge cun pro-
duce a present discounled expceted [uture profit just as if the basc
technology had been unprofilable in the cutrent period.

To evaluate retrofit technologies we make the (ollowing calcu-
latiuns. Consider an existing technology of vintage V, insialled in
periad V, with nominal lifetime T, In existence in period 2. Vo de-
termine the profilability of retrofit options fac that technology, we
begin by compuling,

-t I"'Il ! .
I’¢,=P,(1)-Z(l +dis)-|l+u(l)], j=1,....N. (32)
=

Nole that a sct of expected fulure prices for rehiofil technologics may
be different from the sei of expecied fuluce prices for the hase lech-
nology due to different discount rates far the lwo sclivitics. That iy,
some flrms muy have u higher discount rate for rettafit fechnuologies
than for new base load invesiments.

Dceause cach relrofit technology can allect the original lechnolopy
is 8 wide variety of ways, the talal lechnology, that is including hoth
the base technology and a package of retrofit oplions, is given by a
separale CES production funclion whose nel additional capital cust is
sonie ftaction of the ariginal capital investment, and whose lifclime is
the expected lifelime remaining on the original technology.

The general formulation fur profit with u fixed faclor CLS pro-
duction function, s given by equation (6), is used (o compulc a valuc
ol ®uom for cach technalogy with a retrofit option. Note that for
reirofit = 0, the expected future profit lar the base lechnology is
given. I any relrofit technology has a positive present discounted

(

323

21 83

L1588 W9sp:s@ 86,

)

as3 3711



N
Teazat®

Edwmondds eq al.

cxpected profit higher than ihe base technolagy, then the retrofit
technology package with the highest expected fulure profit rale is
sclected. If cxpecied profils arc negative no retrofit technology Is
adopled, and if either The base technology is unable o cover present
operaling costs, or is no longer available due to mandated relrofit
actions, then ihe technology Is retired,

Renovation
Renovatian is a special casc of the general investmeni/ietrofit prab-
lem. Al the end of T,;, years of service the technology musl either be
retired or renovated. Renovation takes the form of a one-time capilal
invcs_lmcnl, that occurs in the Topth year of service. In effect, how-
ever, the retrofil optlon can be thought of as compeling with other
new investment opportunities with the production function coefli-
cients of the original technology, a capilal cosl of K., cas, and Testens
yeurs of expected life. The profit rate is computed vsing cquation (15)
and expected fulure prices based on an expected technolagy life of
Teueas years. Of course, more than onc lile-exlension technology op-
tion is possible. In the case where mulliple options are available, the
fechnology with the highest expecied prafit rate is chosen.

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

NR>O NR <O
Operate and Relire

x>0 Relrofiv-
n<0 Retirc Relirs

That is, the téchnology will be setired unless it both can make money
in the immediate period and is expecled to add (o the wealth of the
scclor over its expected lifetime.

Greenhouse gas emissions

As discussed carlicr, the greenhouse issue is complicated by the (act
that a wide airay of gases are assoclated with the eflecl. We muke no
atiempt (o discuss either the nature or the exient of the clecl various

324

T —

L D et et g — ——

e Y

—

Greenhunse gus emissions

gascs have on the radialive balance of the earthfatmosphere cnergy
balance, but simply note that the [ollowing suite of gases will be
considered. ’ _ _
—~ CO0; cmissions (rom fossile fuel and biomass combustion processes.
- YOCemissions resulling fromencrgy produclion processes, x;lcclcd

manufacturing processes, some combuslion processes (mainly of

pelroleum based (uel in internal combuslion engines), and from

selecled natural processes. o
- CFC emissions from losses from reflrigeration snd nir-conditioning

equipmenl, [oam blowing, aerosol propellanls, cleaning solvents,

and fire extinguishers. o
- CH4 emissioas which emanale (rom the praduction and dlslinhu-

tion of natural gas, mining of coal, from the raising of ruminant

animals, the growing of rice, ltom sanitary landfills, and from
combuslion processes (principally biomass burning). ]
~ CO emissions, most of which emanale from incamplete combuslion

ol carbon-based fucls, princlpully in the transporfation scclar.

— N;Q emissions [rom combustion processes, lertilizer use, and sc-
lected nslural sources.

- NO, cmissions from combustian processes — especiully from clec.
trical power generation and in inlernal combustion en_gincs.

- SO, cmissions and consequent sulphate transformations so Ihal
alhedo changes can be monilored.

Greenhouse gas cinissions coeflicients will be included with 'cach
technology desceiption. Emissions will be assumed (o be proportional
(o either the scale of input utilization or outpul of the technolugy.

Bmissions can be calculated simply as,

NS NSS(L) Nl ) « M

Em.1=2 E Z ZZ

{=1  ar=l techal  r=Vo f=l
(em, 100,000, X1, srveen 1) v ot o, weeh, j XS0 )y (33)

where, emi,u,ech,) i3 the lechnology specific emission wcmsicr!( for
emission m, in sector , subsector ss, using (echnology lech, with input
Ji Xtas,1ocn ), 1,v I8 the input demand (ur factor f by sector /, subscc.mr 31,
using (cchnology tech, of vinlage v, in region 'I; /,,._1_..,.”.».,/ is the
lechnology specifle emission cocelficient for cml.sxlon m, in seclor
i, subseclor ss, using lechnolagy fech, producing output [ and

(
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Xr,_,,_.,\t_,_,,. is the output of goad i by seclor 1, subsector sy, using
technology tech, of vintage v, in region 1.

When einissions are releascd custlessly into the almosphere they
hitve na effeet on cither the cost of production or the optitnum de-
nund far investment gouds. Releuses need not be casiless. Like other
inputs and oulpuls from the itechnology, emisslons may be priced.
Emissions coelficients have been related 10 individual technologies.
This Is because (he determinants of emissions can be relatively com-
plex. This is cven the case for emissions as simple as fossil (uel com-
bustion carhon cmissions. In general the release of carbon fo the
ahmosphere is cunsidered to he propartional to the encrgy conlent of
the specilic fuel by a fixed rulio and therefore targely independent of
the technulogy in which the lossil fuel form is combusted. This nevd
nol be the case. Emissions capture techinologies exist, and the rate of

release of carbun 1o be osimosphere per unit of fossil Tuc! cnergy.

cambusted may therefore vary by technology.

On the presumption that emissions can be measured and therclore
costs can bu assuciated with them, emissions fces would alfect the
coxt of praduction. The cffect of fees will be reflected in a mod-
ilication to equations (13) and (14). For consumers of the Jh product
in the ith scctor the cost would become,

EM
"i"'-'“"-i-| = dig P'(I +Jl.l T’I)Ixai.l 'I'/Jbl‘l + E €em, b as,1ech, | flm.l,u.k\-hn

mxl

(34)

where £, hg0 = the price of good j consumed in seclor i, sub-
scclor 35, using technology tech, in region 1. For ptoducers, the
incame from the sale of the jth product praduced in sector | is,

(1]
Uisivech gt = Pt + 8, Tr;) - Zﬁ""'”"“h'/ i1, 00ch, £, - (35)

mal

Final demand sectors

In addition to the seclors that produce goods and services, there are
three linal demand sectors, houscholds, governmenl, and foreign, As
is the case wilh the dircctly productive seclors, final demand scctors
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have demands for goods and services and can pruduce goods and
scrvices. We begin with the governmenl sector, nol because the
analysis ol the behaviour of the government sectur is simpler thin

that of the household, bul rather because our modelling appeoach o

this sector is simpler than thal af the hausehold secior.

Government

Expendilures by the budgei of the gaverumuenl sector must satisly the
folluwing identity:

N
Txlnl - Scuv = TR‘uv + Z I)iXI.lun (]")

where 7'Xo is the 1otal of 8l net tax revenues, where subsidies arce
measurcd S,,, is the net government savings, or lor negslive valucs
cqunlz nel government horrawing, nnd TR, = ix trnasfer payments

. by the governmenl.

In SGM version 0.0; Sy., is assuined o b zero. In SOM Vursion

1.0 this assumption will be relaxed. .
1n SGM version 0.0 transfcr paynients are assunicd fo be a function

of demographics,

’, ,) Y pr-
o [POTs_+POPgs, \ P (POP2sy, ( wunu)
TRyes =P PO ( POP,,, POPo POP,,

(37)

where POP,,, Is the lotal population; POPs. is the population unde;g
age 15; POPss, is the populalion over age 65; POPysxy s the pop:
vlation whose personal income s 25%. or less lhan‘ the mean;
Ypnonst is the personal income; and fi; is the appropriate cmpiri-
cally determined coefficients. . _
. The government is modclled as producing services. ln. SGM ver-
sion 0.0 theie are three services praduced. In SGM version L0 this
will be cxpanded (o five. These arc given in labie 4. N
The demand (or goads and services hy the government seclon 1s
modclled a5 a constrained optimieation problem. Guvernment max-

{
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Tubte 4 SGM goverament subsectors yersfon 0.0 and yerslon 1.0

SGM versioa 0.0 SGM venion 1.0

Guacol, Nativnal Delence, Education General, Natianal Delence, BEdueation,
Infrastniciure, R&D

imizes a ulility funclion, presumed to be CES in SGM version 0.0,
delined vver the three subscctors (gencral government, nalional de-
fence, and educelion), and subject to the net income given by equa-
liun (36). This can be represented as,

N-GJ u
G= (Za,,cr,) ' (38)

v |

where G is the government ulilily, an unabserveble variable; G,, is
the praduction uf goverament service ss; 8, is a scale parameler; yls
an claslicily parameter; and NGS is the number of services produced
by the governmenl.

Government services are assumed to be produced with fixed input-
vulpul cocllicients. Thus the cost of an additional unlt of government
scrvice, lype ss, can be computed as simply,

N .
"',u = Zal.g,uph (39)
I=

DR

where P, ,, is the cost of the nexl unit of government service ss, that
is Py Is the price ol inpul / in the production process; and 01,40 I8 the
amount of inpul / required 10 produce government service from gov-
ernment subsecior s,

Because the cost of producing the next unil of governmenl service
is constant [or any set P,,° the determinalion of government demands
(ar goods and services is greatly simplified. This problem can be
stated as onc ol maximizing utility subject to a budget constraini,

cquation (36), maximize G(Gy,.. ., Gxgs), subject to
) NGS
TXlnl - S|nv - Z: P[,HGM =Q. (40)
=l

J28
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This problem has & simple solution,

-1
NGS
b,, = (TXM - S,.. - TR;ov)ﬂnP;.-nll( ﬂ”PA"-") ' (41)
=1

M=
where f1,, = 6,"/("’” andy=pf(n-1)."

Households

A greal number of decisions are camried oul in the household scctor.
These include the {ollowing:

. Demographics

. Labour supply

. Land supply

. Household savings i

. Houschold demand for final products .

1 SGM version 0.0 the delerminatioh of the demographic charac-
teristics of each region's papulativn, and its supplics of lz?tfuur, land,
and savings are handled sequentially. Only }hc composition of de-
mand for final goods and services Is handled in a holistic ul'llny max-
Imizalion framework. Because (he demoagraphic characteristics of a
region's population are an imporiant deierminant of other houschold
behaviour we discuss this element of Ihe modc! first. We then con-
sider labour, land, and savings supplics. Thesc faclors delerminc dis-
posable personal income allocsted lo consuinption. lﬁnall).', we de-
scribe the defermination of final demand for goods and services,

wva b

Demographics .
The demographic component ol the housc-hold seclor delcrmines
population In a reglon by employing assumplions w.lth rt':gud to three
characleristics: survival rates, fertility rates, and migration rates. For
any period, 1, tolal populstion is given by,

. ’ NAGSB -
POPlnb = E Popun,mllu + Popughm-lu. ( )

“u-l

where POP.,,_,.,..u is the males in age group age; POP, ¢ fumites is the
females in age group age; and NAGE is the nuinber of age groups

defined. (
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IFue the youngesl age group, age = 1,

HAGE

|'()|’-g.-_|,;\~nm,4 = Z wi.g«nlu/-u.lPop-n.kmxlu.h
¢=2 .
" gender = male, female,  (43)

where POP, et yendis,e is the populalion in the youngest age group,
age = |, by gender, in perind f; [, is the (ertility rate for females in
age group, age, in perivd ¢; and gay cendeq is the fraction of births by
gender, with gag .y 4 855:2 = 1, and lor other age groups, populalion is
detenmined by survival via,

PO P-'v.;mdu,l = svu:.undu.lpop:ge—l_'udu.l-l + POPmig,“.lmd,,l,,
"e¢=2,...,NAGE. (44)

where svy genders 15 the survival ratc by gender from age group age
to nge + 17 POPmIg, 0, gender,e I8 the net lmmigration of populalion
inta the region in age gruup, age = ).

At this poinl, ferlility rates, survival rales, and migration rates
are delermined exogenously, with the exception thal net migration
summed over all reglons is always zero for cach age and gender.

Lubuur supply
The-supply of labour is determined by the working age populatian,
rale of labour farce participation, and the wage rale.

fkemals NAGK

La.
Tage, pendar Popu:,pndu
male ageml

Xisbour =

lphml(l - Ixa'lbﬂ'l) - Ubh-bonulﬂ.“.lm.j‘,. (45)

where Prapou s the wage rate for labour; a,4¢ gendsr i 3 scale cocicient
(or the supply ol labour, by age and gender; f,,, .04, is the price
clasticity of supply of labour by age and gender, and txa, (xb arc pr('):
purtional and additive tax rates, respectively.

Land supply -

In vFrslon 0.0, land supply is total land area in the region. All land
services arc sold on the domestic matkel. Househalds supply land on
the hasis of the rental rate via

BRlY
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Xivad = LANDo8150a|l = exp(fhenad'tuns)]s (40)

where LAND,, is the tofal surface atea potentiully availoble fur
allocation; ajag Is the maximum potential share of lund supplied to
the markel; ;.4 Is 8 land supply price responsiveness cocfllcicnt; and
Pling is the rental rate on a unit of land.

In SGM version 1.0, the land supply scctor will become much
ticher. One of the polentially most imporiant detcrminations is the
representation of the character of land, and its potentiul supply and
use, and lhe polential changes lo land ‘character as it js affecied by
human activily. Te he most useful, the nadel of liind musi he capahle
of explaining bath the present allacation und use ol land, how that
sllocation and use changes with time, and the conscquences of land-
usc for greenhouse gas emissions. Furthermore, the characlerizaiion
must also be capahle of providing a (ranework for ussuasing the
conscquences of polential changes in atmosphere and climate, and of
changes in sea level. Several alternative specifications arc heing cun-
sidered. A description of land use in SGM venian 1O will be the
subject ol fulure model development reporis.

Personal income
Personal income can be compuled from the infurmation already de-

veloped via the equalion,
Y = Xivou lupply[PlAbaul(l ~ [XApabour) — /xbhboull
+ Xiund mwlylplmd(l — Ixayna) = Ubhndl
+ nlal(l -, - -"n) + TR.nv (47)
where Y is the dispasable personal income; n, is the tatal net profits

ftom the operation of all enterprises; fx, is the praofits lax ralc; 5, s
Ihe rate of relained corporale earnings; and txy = income tax rale.

Savings supply
SGM version 0.0 represents savings as a function of present income
and the Inlerest rate,

Shn = antuavs ¥ {1 = €xp{Bpnure(interest + facm)]] (48)

where Sp is the tolal supply of savings by households; annine is the
maximum polential houschold savings rate; fan,. is the price scasi-
. (
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.livily ol households to the available intercst rate; and facy,;, Is an ad-
justment factor linking the msrket interest rate lo the inferest raje
avuilable lo households.

.\\.lhilc it is usual for a gencral equilibrium model (o maximize 8
ulifity function lo delcrmine household behaviour, version 0.0 does
not do this. The developmenl of a mare sophisticated descriptlan of
aggregslc household behaviour Is a development 1ask.

Household demand for final producis

Own demands for factor Inpuls lahour and land are camnputed sepa-
ralely from demonds for other goods and scrvices.

| "I"jhc own demand for land is a funclion of the number of house-
wlds,

NAGE

NIIH = ( 3 POP.,.)/un. (49)
sgeat

where NHI{ is the number of houscholds; and apy is 1he average

number of peaple per household.
Therelote,

Kunain = NITH g1, -

w|'|cre lind b is the household land infensity factor; and fi,,,4 s 8 the
price claslicity of demand by households for land. '

| ‘;]'hc household demand for labour is a function of the price of
abour, s

thow.hh = Xllbow"hiouv,hhpf.':;un (Sl)
where Stsbour, b i:'lhe househald labour demand inlensity factor; and
Mibour, nb i the price elasticity of demand by households for labour.

The total value of consumption can then be calculated by diflerence

Ye=Y —Sup - Xiaod, i Prend — Xuvour, i Plabous- (52)

ponsumplion of any final product can then he compuled using
price and Income elasticities and an income expendilure normal-
lzation via,

a2

Greenlonse gas emtissinns

xdj g = qpp PP YIS (/l_l)' (53)

where Xdj u is the demand for gaod i by the houschald secior; a; in is

“the household demand intensity factor for gaod i; i,y is lhe price

claslicily of demand by houschalds for good i; and y, ,, is the income
claslicily of demand by hauseholds for good i, and

NS :
LS appest iyl (54)

=1

Each consumption good, which in version 0.0 is idcnlical to 2 pro-
duced commaodily in the GPC, is assumed lo have an inconic and o
price clasticity of demand.

In version 1.0, the plan is 10 embed thc househald decision niaking
process in a cohesive inlertemporal decision-making process which

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

because, al least in the United Stales, it is thc mosl important deter-
minant of life-cycle labour-force parlicipation. In addition, 1he sub-
sector structure in the model will be used 1o expand the number of
demographic groups. The number of such groups has not yet been
determined bul will reflect significant differences with respect lo sav-
Ings and cducation decisions. In version 1.0 consumption catcgurics
will probably be difercnt from production calegorles, implying the
need for a translatlon mairix from consumption lo production com-
maodities. Campulationally more versatife forms for the labour and
land supplies will also be explored.

Gceneral equilibrium

As noted earlicr, matkels are defined (or each of the 10 producing
seclors in SGM version 0.0 plus one for each of the three ptimary

" factors of praduction: land, labour, and cspital.'! There arc al lcast

13 markets for the model 10 clear even when only a single ccgion is
being considered. When muliiple regions arc being considered simul-
tancously, the number of maikels will expand. Land and labour
markels are considered (o0 be closed. This Increases the number of
markets from 13 to 11 +2NL, where NL is the number of regions.
If capital markets are closed this number Increases (o 10+ 3NL.!
In addition, the model user can open or cloge any markel in any(

.
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Table S An exaenple of trading relationshlp teble
Region
Coannodity ] 2 3 4 5 6 7 3 9 10 11
l. Agii. ] 1 1 | | 1 ] | t J {
2. Ceude uil 1 | | | | ( | | 1 I )
3. Oil el | I ! ) { I 1 I 1 | 1
4. Nau. giss ! | 2 [ 2 1 [ 1 [ 1 I
S. Nat. gas it [ ! I I | | ! ) | ! 1
6. Coal pred. I i | | { | ! | | 1 1
7. Diomuy i i 1 1 | i 1 I | 1 !
K Usanium | | [ | | ] { 1 | 1 |
9. Elec. ) | 2 3 [1} 2 k] 0 0 0 0
1), Other | | | | i | i | 1 1 1
1. Labuur 0 0 n 0 0 0 0 0 0 0 [i]
12. Land 1} 1} 0 i 4] 0 0 1] 1} 0 0
1Y, Suvfinv [} 0 0 [i] 0 0 0 u 0 0 0

reglon relative to the rest of the world, and thus creale trading
groups. This is indicated through a variable, Mkilink defined over
regions und commodities, where if for onc of the 13 commodilies and
11 regions,

Mktlink = Q indicates that region L is permanently closed o trade
in commodily IN. Far example, all regions are closed
1o trude in land in lhe above malrix;

Mkilink > U indicotes that the reglun trodes with all other regions
with similar Mk(lidk values far thal commodity.'?

An cxample of a Irading rclativnship 1sble is given in (able S.

The number of markets will also vary during the execution of the
mudel. This occurs because Iransportation costs involved in interns-
tional Irade are non-trivial. It is easily possible ta encounter a case in
which a region would desire 1o export a good if the region is ticated
as an imporling region and domeslic producers are assumed to be
able 1o obiain the world price af the commodity plus (he cost of
iransporlatlon. On the other hand, If the region is ireated as an ex-
purting regiun, in which domestic praducers can obfain only the
world price of Ihe commodily, the quantity of the producl demanded
by the region Incieascs and the quantity supplied decreases (o the
point where the reglon would desire 1o import the guod. Under such

RAL
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circumslances, the madel will treat thal region/commodity comhina-

op . 14
tion as il it were lemporarily closed. ‘o
For each region/commadity comhination, on cxcess demand can

be calculated by

N3 Ny Nioch,, e (55)

e = Z Z Z (‘dl,:.u,mh,[ - X-"i_l_n.u;h_i). i=1,...N.

inl 1sw)  Aoch=i

where ¢;; = excess demand for commodily i in region j. -

Consider for a8 momenl the simplest case In w?uch wll C(‘)mnl()dlIlLS
are (raded internationally. Por any periud, cquihh.rium exisis when 4
set af prices, I = (P, .. Pn) can be fouad for which

i,
Sa;=0, i=1...N (56)
I
This scl of prices is not unique. Walras's law,
(s7)

&N Nl
Y2 eshi=0,

il f=l

which holds as an idenlity, and guaranices -lhal if an cquil.ilmum sul
of prices exisls, that any positive scala mqu;flc of those prices Is also
an equilibrium sel of prices. Any conm.mdu!y con he chosen lts a
numeraire and its price determincd arbitessily, sct (ar example
snc. The number of independenl market prices is always oue less

thun the numbier of markets. o
Similarly, since the unii of measure chosen for commuditics iv alsn

arbitrary, units can be chosen such thal all cquilibrium prices are
unity in one period.

Solving the SGM

The BRM first generation model, used a Newton scarch_proccdurc in
an clasticily metric. Blasticilies were computed (\umcncally by{l‘lcf-
lurbing each markel price slighlly and te-cvnluating the madcl. n;
required Nmkt+1 evaluations for each sgarch step. It also_ c:czlcd
a Nmk1? maltrix of parlial derivatives, which needed (o be inverled.

With 42 independent markels, (his procedure requires a matrix u:
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1,204 clewents o be inverted. The ERM ulso incorporaled a varicly
of procedures to be invoked in the event that no change in a dis-
equilibiium sct of prices could be identificd, through the Newion
search opproach, which reduced (he metric ol disequilibrium, the sum
of squured excess demands.

Increasing the number of markels (o 42 in SGM version 0.0 in-
vreusey the camplexity of the problem of finding numerical solutions
(o the model. The SGM will employ an even mare diverse sel of sol-
ution algorithm allernalives than the ERM. The most importan( ad-
dition to the sel of search lechniques is the Gauss-Scidel ptocedurc,
This solutlon algorithm begins with an initial price vecior, and then
updales each element of the price vector individually.!$

Concluding remarks

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

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

relationship belween human aclivities n a wide array of domains,
und their elfect on the emissions of radiafively impontan( gases, and
the poiential consequences of changes in (he almospheric composi-
linn and climate on those human aclivitics. To address the extremely
broad scape implied by these ubjeclives, we have begun the devel-
opment of a global, computable general cquilibrium moadel, which
provides insights not possible with linked independent markel equi-
librium models. It is also designed 1o address a specific problem. [ts
level of complexily and disaggregation reflects the character of that
prablem. Enerpy is the single mostdmportant human sclivily aflecting
gtecnhouse gas emission. If therelore receives the grealest atlentjon
In the model. Agriculture and land-use are the next most importan(
issues and receive greater alfention than, for example, their value-
added contribution to GNP would indicate they warrani. Other sec-
lors of the economy are modelled in relalively aggregate defail,

The model will be excrcised for both 1egional/nalional economies
independently of the world economy, and as & world madel. Projects
(0 mode!l the United Stales, Chinese, and former Sovict Union are
underway in partnership with sister institutions in China and Russia.
These projects are anlicipated to produce resulls during 1992, This
work in tuen will help inform the development of the SGM global
model. Progress on these endeavours will be the subject of fulure
reporls.
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| (1 on 40 estter diaft of this psper. . _
gu":*."\::l:‘ cbaractetitic «-folding ot sverage malecular lifctime valucs of leas thun 11
yain.

. Century time scales.
. For tgmph. woltol runs ming the EXM and Q1L.OBAL, 7100 models yivhd renaikalily

similir results when siandeed sumptiors ace employed In bath m?dm. Tha ls du‘_ﬂu;. l'ht

{acl that the ENM Is & behavioural madel and QILLORAL, 2160 is s dynamle optiniddng
I ) ) )

;':‘?::lwxp postible to tecasl a nkndel such a3 the SGM within the dyaacaic uplinuzation

wilb petfect (areright pasadigm. )
6. Cuppared (v competing technologivs. L . .
N:u‘:;\nl the price seccived by the producere, 1y, b cqualio the P uh, prxs, The posvs puid
hy produocts are equal fu the l.0.b. price plus tancs nnd. morkun, o
HNute that in this case thy period specific capucted piice vectne wplawes the presvnt d
counted price vector glven by equation (14).
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degice one, such ui fo1 exsmple the CES, sad not simply the Leontlel specificalion
10. To scc this note (hat Arst-oeder conditions require that

G, =1 Yo Py

whetc A ls a Lagranglan multiplicr. For convenicnes deline,

Y = T = Sp0e = TRyes

and note that
rGs )
Y=Y Gup,..
P
Sulatitute (1) Into (2) to yield,

xel -
Me-NG o r(}_lp‘_r;'u .
)

Rewbitiluting (3) Into (1) gives the final resviL .

Recall that the aaplisl rmarket Is 8 market lor savings and h\;‘nllrnuni L does nul allocate
ealsUng cepital stocks. Those sre quusl Axed as a vintaged capital stock.

12, The u)'uiflon of the assumptloa that capital maskels s1e ddased requicer the creatlon of an
. investment vehicle. This could be socomplisbed by Ihe creation of an Inteenatians! bond.
This bond would Imply s future relum flow ol resovtens In exchange for vavings. Nt in-
fecest payments would be sdded to UNP and houichald diipaable income, suuming
holds bold the bonds. )
13 't;o;:‘lhzl while mode! logc will nol be alccied, there thovld slweyy he (L ltul.hm u_.lnnl
. Involved la » Usding group (or cach commodity. The value of the Miilink vecishle gives s
sefetence reglon whose fob, pilee of cummodity IN determines the bob. pfkt {os IhJII
commodity In all other reglons In the trading group. For ecample, In the matiic sbowne, 2l

[4
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fgiens, vaeepl Chine, vae the g i
":.‘hm o E‘,.m,“,,. uul.t:l:;:l‘l:‘rl:'\“ul sgtlevltveal pasducts o the United Kiytes
The value upad in MUk shuuN slweys e ihe Tnwest reglun indea number ol an
wwinhet of the lading group. Por example when regluns 3 3nd 6 form 1n elocirlclty 1ad) :
gtoup, buth aicmbers vse the number 3 {ur theis Mitink valuey, yhahe
g “.'\:; :o‘l:l:::li: Ir:':::‘urlmrl b: :ptn”h‘o trade In oaly ane commadily.
. tily treated os H it were i
the value uf Milink L se) loylhc negative of the r‘:;:.-“n‘:: I;,(.z::‘pl::n?t::l‘m" commedit.
13. 'n-{: prtceduie has 1n cxpectcd solution rate of between SNmk1 snd IO?'QmH model ¢val
vatians, It 18 thus computationally very eMclent. The order In which the Qavst-Seidel |lnn:
nlhm. opceales may be Impuitant. Fur caample, we may whh {o lilve the muld nunilcl
thea terate o the teglunal abour and fsnd markcls, and then relum to the would mnhl.
Some thought needs to be given to gelling apptapriate oulpul and tracking the wlulionl
procers with an ¢y¢ to improving lis eMicicncy.
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Comments on chapter 9

1. Neboj$a Nekicenovic

The design and Implementation of the “'second generation™ .modcl
for analysis of future greenhouse gas emissions is indced a formidable
task. Edmonds cl al. (1992) sct the goals of such a madel well beyand
the state of the art by specifying that it should be ““capable of una-
lysing the emissions ol all greenhause gases {rom al_l sources, mc‘lud~
ing both those of nalural and human origin, to provide an a.mflym of
the interplay between the varicly of human and natural aclivitles re-
sponsible for greenhouse gas emission.” Clcn'rly, sut:h.modcls cur-
renily do not exist that are capable of “‘sssessing cmissions (rom all
human activities and major direcl and indirect consequeaces of po-
teniial policies 10 reduce emission.” There are many madcls thal
already address some specific parts of the problem, e.g., carhion di-
oxide emissions associated with energy use or models that cover
alt anthropogenic sources of emissions snd r'c‘xulling atmospheric
concentrations (e.g. EPA's Almaspheric Slablhza!lon Framework,
Lashol and Tirpak 1989). They are, of coursc, still very far [rom
the comprehensive approach suggested by Edmands ct al. Henee, the
development of the second generalion model of the 1ype proposed by

(
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Conptents on chapter 9

Ldmonds et al. is certainly a mast welcome ceffont, u'l(hnugh 4 very
ambilions ane,

Undeniably, much could he learned by the madelling coinmunily
front the exercise proposed by Edmonds cl sl. 1n parlicular, the
ellarls supgested 1o epilogenize  demogruphic_and ifechnological
Em.‘_,i!.[?!mﬁ!!ﬂ!. Rraiss _und aitention, However, within a
policy conicxt there is also the issue of how such a madel can help
reduce the unceriainties inhercp) jn made[ling global change.
TTANEhiliveély how cnn the madelling exercise make more trans-
purent and explicit the uncerfaintics siemming either from our in-
sulicicnt undersianding of natutal and social phenumena or their
inadcquate absiraction (modelling)? Thercfore, a word ol csution
nmay he in order. The policy dimension of global warming inust con-
front simullaneously the problems of exlieme unéertainly, both in the
causes and consequcnces of glabal warming, and in the fulucc con-
lexts within which policies rclated to global warming will operate.
Thus, there is a need [or great Nexibility in policy measures since the
sucio-cconomic and technological contexts wilhin which any glubal
change policy is sitvated will clearly vary and aller. We ace conlrant-
ing policy choices rulaied to a global cnvironmenlal issue whose
clfects will be measured in decades and centuries, To illusirate the
difficully of this lask, imagine confronting similar issues 8 cenfury
belore, say in 1892. At that lime, eleciricily did nol have a significant
role, the malor car had just been invented, the acroplane was un-
knuwn exccpl as a concepl, and nuclear weapons were unthinkuhle
duc ta the lack of baslc physics, while major ucban problems were
particuletes from coal and dung fcom horses. Thus, it should be clcar
that jt is unlikely we wifl foreeast the (uture evolution of encrgy sys-
lems, technologies, or lts social contexls over the next 100 years any
more accurately today than if we had peeformed the same cxercise a
century ago. Yel, modelling and assessmenlt of siralegics for mili-
galion of climale change require a very long-lerm view, onc which
cxicnds [ar heyond normal planning horizons.

In view of the large and slill unresalved scientific uncerfainty_sur-
counding greenhouse gas emissians, their sources and sinks, the con-
sequences such as adverse and irreversible climate change and posti-
ble response siralegics, the development of the second generation
maodel ol.the paramelric lype proposed by Edmonds et al. is a very
useful eflort since it will allow the festing of diffcrent hypotheses
conceining (ulure cnergy und greenhouse gas emissions.

In this shorl commentary we will discuss a few of the salient char-
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acteristics of such a model that appear o be required it is o fll_l{il
the expectations of its authors, hut we will nal raise the specific
technical questions that would need 1o be :cmlycd biefure the muadel
can aclually be built. The technical 'qucs(io_ns mcludc', far cxn.mplu,
the prohlem ol integrating the glahul warming potential ol cmission
and concentration of mulfiple greenhuuse gises, ar huw to account
foc histarical and current N,O emissions [rom human octivitics and
natural sources, or how Ia recunstruct the cupital vintage structure
for cconomies in transition and developing countries. “These ques-

\ions are far from being resolved bul are the subject of a number of

resenrch aclivities and international clforts from which the proposed
modelling exercise could henefit. Lel us nssume that l‘hcsu uncers-
tainties and unknowns can be resnlved by a paramncelric madelliog
appioach. - ) .

We now relurn to the discussion of importuni model \:h'.uuclcfhl.lu
which (in order to be briel) we will limil to four inu_cs: () populauun.
dynaniics, (2) endugenizstion of technology, 3 su?m-cullurul aspucls
and (4) provision of cnergy scrvices. They ure imporiant because
they ure all linked to the requiremenl af ndapting v very loug lime
lorizon for model applications, which extends 1o ‘hf end of the next
century. The authors are (o he complimented for Laking the fong-teom
and glubal view. Mudels thal fucus on time-scales of hwo to llu:cu
decades can be hased on many static assumplions duc 1o the relitive
siahility of demographic trends, sacial and cullursl u:l:_uliuns‘ nnd_lhu
lechnology hase over such periods, Canvensely, extension af the time
horizon well into the next ceatury meuns that many of these long:
ferm processes will become Aluild and can no longer he frealed as
constants or “slow variables.”

L. Population dynamics

[n a century glabal population could siabilice but dun:ng the next few
decades il will certginly conlinue to grow at rales fairly clfuc 1o the
current 1.7 per cent per year, In facl, the momentum behind globul
population growth is indeed very large. Even if we assume an ubrupl
change in fertility throughout the world down Lo ur even below the
replacement levels of about 2.2 children per woman, as il now pie-
vails in most of the West European counlrics (and.mll thus n:sul(.m 2
significant population declinc), the glnbu! pqpulullnr? _\vould cuntinue
to grow lor a (ew decades as illua‘(ra.(cd m.llgun: l. I.hu.\', lllc‘dumt.)-
graphic [ransition is an importanl nsue il 3 long time hunzon(ns
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Fig. 1 ould popuilon growib, 1950 fo (e present

Hons fo the year 1018 (UN World Popularion wap:m.lt;:ol;.'l‘: ;:;:uo':i::ﬂ;:
:::I;:Ll,h: popoletion ls expecied slmost ta double durlng e er 3§ years. Duplxtc
(he g ning growth rafes froro now on, (Ae Algh variaat sill lesds (o a0 hareasing
» ° ud:;:yuhlln Increase, By the year 2010 populition lncrease ls rilll sboat 40,
! 5 lb: olllon per yesr fn low, redhur, snd bigh vartssf respectively cawpsred
o aboul 10 miillon Incresse per yeos foday (Sourcet Hellly 1992).
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adopled. It is of paramount importance whether the glubal pap-
vlation will reach 10 billion or grow beyond, Whal is alniost certain is
that it can be expecled to double during the next 100 years.

The objective to “endogenize” population growth in the nexl
madel version is lo be welcomed. The aclual problem is how 1o im-
plement the link belween development and pupulation: is the demw-
graphic (ransition a'prerequisite for rapid development or the othet
way around? How 1o account far the diverse expericnces smong
countcies and regions with respect to the demographic transilion? A
crilical impasse is how (o model these ftheoretically poorly uader-
stood linkages at the global ond regional level. For the time being
Ednionds ¢l al. plan to include assumplions concerning sucvival,
{ertility, and migration rates for individual reginns over the time
harizon. However, increasing the aumbicr of exogunously assumed
driving variahles dues not necessarily lead towards a better uader-
standing uf the complex issues befween development and demo.
graphics. 1€ might, therefore, be simpler and also more (ransparent (o
assume dilferent population-growlh scenarios exagenausly as dune by
the United Nutions population forecasts that are the standand reler-
ence in this ficld (UN 19%0). Personally ) scu littic anerit in making
aumerous assumptions in a mode) without explicitly describing the
linkages belween the variables. The upproach leaves u false impres-
sion of certainly and accuracy thal does not aclually exisi. This cril-
ically alfects particularly the Ircatment of migration in the proposed
modcl. Clearly, emissions will depend on trade and migralion pal-
ferns but the problem is thal theie is no vhvious way 1o madel inter-
national migration, especlally the large mavements of pcople (hat
might be caused by the adverse effects of climate chunge. Low pap-
ulation growth rates and high levels of aDlucnce in some porls of
the wotld can also be expecled lo altract additianal migration and,
this again is a possible linkage between develapnient and population
issues.

[I. Endogenization of fechnology

One of the imporient shortcomings of many encrgy models is thal
rcsource scarcily Is one of the ceniral driving forces of (uture encrgy
development. Once the cheap and clean sources of encrgy are ex-
hausled, the models “dig deepce” Into dirtier and costlier vplions.
This is close to the Malthusian concepl of limifed resources and has
by and large been historically falsified far most factor inputs including
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cacrgy, minerals, or land. It uens out that in the long run (ech.
nologicul change leads 1o production of more with less rather than of
lesx with moure. And yet technulogical change Is still a static concep!
entircly nbsent in most niodels. Fussil cnergy resources remain siatic,
polentiuls for lechnological improvements are ignored, eic. Yel alone
since the energy crises of the 1970s the discaveries of additions) fossil
energy teserves have aulpaced their consumption, The resource buse
continues (o increase. Table | shows that the known global {ossil en-

ergy resuurces are cquivalent 1o about 3,000 gigatons of carbon! The

carbon content of the atmosphere is in comparison small with abou!

760 gigatons of carhan. If the currenl concerns regarding prospects of -

plahal warming are confirmed in the future, it is probable that mosi
of this carbon will temialn in the ground. ‘The point here is that fech-
nological progress and development vre exogenaus paramclcrs: as
saun as some of these cxternulities are endogenized, decarhun-
izalion strategies will be cconomicolly more atiractive and less coslly
than “dintier” oplivns. In rctraspect, we no longer consider techno-
logics that are hazardous to human health as “cheaper" optiuns, but
tather as nan-oplions. Therefore, the model needs a “dynamic base*'
tather than (he planned siatic cancept of depletable and degradahlc
resaurces. '

The sduplian of a capilal vinlage approach to endogenizing tech-
nolugical change by Edmands ct al. represents a significant improve-
munt and will undoubtedly produce ntost valuahle insighls, as dem-

Fable | Punsil eaergy consumpliun, rescives und tesaurces (Gi C)

Coal . Qil Gas Towl
IR . 1YRT 114.9 54.2 24.5 1926
1967 1.5 14 1.0 5.9
Reserves L6 921 58.5 5422
Resources 2249 622 >11S hlipd]
Additinnal occutrances >IN0 > 1000 >700 >5200

Note: Aceuunting fos historlcal, present, and putenifal future cetbon cenfislons from fossil fucl
use in gigatuns catbun. Historical (1860-19%7) and piesent (1957) carbon emlsilons from lostil
fucl use by wurce and carbon amieal in identificd, ecanomleally tecoverable fosil fuel re.
seivey, serouioes (Ienlificd quaniitier with uncertain proipecis of economic rocoverabllily),
and wililinnal occureaces (additkonal quantitkes inferred from geulagleal Infornativn but with
sivenlulive tahinkes! and voonumbe putentlal). Cunipared (o histariesl fiusil Tust wr, the to.
nusining tessvrces In the yround sepreacnt o (pethaps cven far tou faige) "eatbon endowment™
which it more than 2 facior 10 33 Darge a5 the tatsl cathon pooln ilie atmosphere ul sround 760
G1 C (cunnespanding o a present CO,y amveniration tafe of sbout 350 ppm) (Qrddtcr and Na-
Lcunvid (¥91).
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onstrated by similar models for analysing cconunmiic muuu'ml[d;,u-"gi:
The capilal vintage approach can help to modf:I technological ¢ -"'“%o
by the introduction of lcarning ond cconumics-nf-scale cllecty |:\‘
new additions to the capital stock and the resvurce hase. Neverthe-
less, the assumplion of static resources (cven il tatal poluqllally. rcd
coverable resources are subdivided Intu.tc.lcrws snd Und“C()YLl.L
resources) over a period of 100 years is Indur.f] 8 very rcslncl,v:;
consirsint that will, no doubt, almost “nulomnllc‘ully lcud to lngd
carbon emisslons (since cheap and low carbon options urc‘t‘:xhausl.c
and renewables and nuclear limited hy ather “canstraints™). F:or |T|-.
stance, only 10 years ago (he cxislence of nu:lhaln.c CIul.l"al.L,‘l‘?'.h.
largely unknown. Will they he included us a nlnlcnllznl lcm.uu'..l I.I'xl:
in the model and how is the resource hase going to clisiage with the
availubility of new techaulogics? i
Duting the nex! cenlury many acw encrgy systeins can u.su| ln. L.l'
pected to be introduced thal may hcl!) avoid the a'slwnm.mclu ' ILYL .5
of greenhouse emissions envisagud in anany lmsmcss-us-u.\u.;..:c‘..-.
narios (c.g., see IPCC 1990). Figure 2 illustrates thul ¢even ‘.| ;‘h' }.rl
ical diffusian rates new encrgy sysicms can be expected o seac . nt,j \
markel shares during the next century, Such sysicms mnyl '"f,h_' ¢
complelely new technologies such as ?a(l»on rcmuw{al_ and d;pu;l;(.';‘nl
(c.g. inlo the deep ocean) but they will most a:l(amly'hc a s;\ .xl;l
on improvements and reflinements of (.:um:nl lcchn'o'logncs”suc :Jaj | c
clectric or hydrogen car (Nakiéenovié l992;‘Nak|anov1c an l-'!m
1991). But even these more evolulionary opiions will nced c‘rlm )Tlrg
systems and lechnologies such as new ball(.:ncs und fucl ce SJ-| |;
diffusion of whole families of new technologics nueds 1o be madellve
both within the encrgy sysicm and other scctars of the ccanomy. tis
not clear how this will be handied in the xccond geacration mudel,
-allhough it is clearly crucial for the vadersianding of |'hc-"“'“g““,:3
and adoplion polential ofiered by ncw, less carhon-intensive a

carbon-free technologies,

1. Soclo-cultura] aspects

Socio-cullural determinants ol future glccnho‘usc gas cmissions :]“;
slso important sl all scales bul become m‘pucm.lly diflicult .ml .nlIIll‘L'
when the time horizon is extended to I(Xl.ycnu in the Iuh.m.. S lL:;
cultural convergence over such long pcrmdx., especially if l‘h'cz| waf :
actually becomes "smaller” thraugh muore inferaction, globa cnn:
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municaliun, and mobilily? Al the vther extrenie, o divergence could
be assumed with more heterogeneily and diversily in the warld. lu
fuct, this was the histurical expericnce during the lust ceatury us

illustrated in figure 3 for carhan inlensily of value udded. In contrust, .

many of the development siralegics and scenariu (rajeclorics imply
a common global path, e.g., universul udoption of technologivs und
their transler despite diverse institulional and regional characier.
istics, and irrespective of the actual uppropriateness ol these systen
in a given case. The second gencration model can he expected o help
identify some of the linkages among thesc issues, bul the real prob-
lem occuts wlhth the treatmenl of fhese sacial and cultural deies-
minants. For the time being, sucio-cultural variables have delined
quontifications in most global madels and vl best huve hicen included
as residval values (e.g., derived from gencral production funciion
spproaches). Even if these variatiles cannol be snodelled in the sense
of formal abstraclions from causality relations, it will be impuctunt
1o make explicil assumplions and scenurios in (he madel concerning
sucio-cullural development. This is a polential odvaniage of a pary-
melirlc approach.

As anather example, is It really reasonable to assume u general
cquilibrium approach and markel-clearing mechanism for anulysing
the long-term fulure, when markel-clearing mechanism imperfections
and 1egulatory mechanisms ase a prevailing characteristic of the
world coonomy rather than an cxccption? Transfer of “sensitive™
technologics is explicily blocked, diffusion und adoption of lech-
nologics can be blocked by locsl culiures or regulations, and 30 on.
The examples are so plenliful that it is difficull 10 canstruct a list of
compelitive international markels. There are, of course, many mcth-
odological rcasons for ndopling a genernl eqniliiriun approach, bul
the question is whether toa much Is sssumed oway by that uppruoch
in a model that otherwise includes so much detail. In more aggregale
models this might indeed be a very viable and appropriate sim-
plification bul in a complex model such us the onc proposed it is nol
clear how lo balance detall in some arcas egainst simplistic assump-
tions in others. In any case, this approach makes the analysis of major
and revolutionary changes impossible. Adjusiment paths to u low-
emissions future is by design at besl gradual and excludes sacio-
cultural diversily. All regions are ussumed lo have markel-based
economics and rational, utility maximizing agents (envisaged lor ver-

sion 1.0).
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IV. Prouvision of encrgy services

Rationality ol agenls is in general u very sticky subject when il comes
to describing aclual cnergy consumplion and end-usc bhehaviours.
Conscrvalion and efliciency lag behind whal appears (o be ralional.
Often cflicicncy improvenieals arc offset by increased energy sur-
vices. For example, new cars are on average more eflicient (han tie
old ones in Germany, bul (hey copsume mure {ucl hecause they #re
lacger, faster, more powerful, comlortable, and saler. Dewmand for
note comforl al home has also increased due to older nge structure,
smaller family size, and larger dweilings per houschold, teading again
to higher encrgy services. Figure 4 shows thal longer life expectancy
and shorter working time have over the last 0 years reveised the
shace of life spent at work campared 1a leisure aclivilics from ahoul
80 per cenl 1o about 20 per cenl fuday. This resulls in moic travel,
leisure aclivitics, and time spent at hame. All of these pheaomena are
also finked 10 economic structural changes, praductivity increases, niud
evolving socio-cultural patterns. The problem ‘nrises when changes in
the end use are observed al the macia-level and explained unly by
price mechanisms (e.g., clasticitics) rather than hy changes in human
hehaviour and social patterns. In those cases fallacics van vecnr. For
example, the price of molor fuel increases but comsumers purchine
cars that consume more fucl even though they may be morv efficient.
Petheps many of these considerations are narginal on a 100-ycar
{ime-scale. The salient question for personsl maobility in the world is
rather whether car ownership will diffuse throughont the world Lo the
degree it has in the Industrialized countrics. Today there arc over i)
million cars in the woild. Whether (his aumber doubles or increnses
tenfold during the next decades will have s larger cllccl than any
inodel variations In the price claslicity of molor fuels. Another cx-
ample given in figure 5 shows Ihat mast uf the cars are vwned by the
male population in Germany, while only a few, mosily young, women
own automobiles. Should the ownership rates converge in the future
this could almost double the fleet size.

These examples illustrate that the long-time huricon nhmasi in-
herently demands an Interdisciplinary approach in evalualing grcen-
house-gas emission mitigation and respansc siralegivs. licunomic
mechanisms alane will not do nor will enginecring perspeciives. “The
complex fabric of many dimensions has to he integrated into more
holistic spproaches for analysing alferaative development paths,
those thal lcad 1o high emissions and thosc ihat are rcxpnnsivc( tu
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Fig. 4 Pruction of dispossble )fellme speaf st work snd non-nork of ferorle, mule,
snd average working popalstion, UK 18561980, Figures sre derfved by campuring
lifi huurs of work ra (atal disposable, srtive non-wark honn for udalts, Dspossble
haurs ate calculated by cubimeting 10 years for cbildhood snd Bnf elermentary edo-
catlon and sho requited “physlologirel” fime, e.g, thme 1equlred lor Deep, eatlng,
snd prrional hyglene, sasumed an aversge ta wmouat (o 10 Nours pes dsy. For (he
srersge wotklng pupulation in the United Kingdorn, notklog hours dearonsed from
xboul 124,000 to 69,000 houre befween 1835 and 1981, whiie s tbe saume tme dls-
possble lifeiiae hours Increased frera 292,000 (o 378,000 houry. Thuy, non-working
hours lacreased [rom sbout 118,000 (o 287,000 hours over a Uletime Oa sversge
over 60 per cent af the duposadle lifetdma of male sdults was spent warking in 1856,
ibis percentsge bas follen to less thaa 20 per ceat of present (Sowrce: Aasubel snd
Grtibler 1990),

climsle change. Perhaps crealive scenario wriling would even further
enhance the value of models such as lhe one proposed by Bdmonds
el al. .

The ullimale question is whal is the appropriate model scale (e.g.,
number of sectors, equations, varipbles) that is required to caplure
some of these characleristics? 11 is cleatly undesicable (o have a high
degree of complexily in irealing problems that are poorly understood
such as the effect of global warming on international migration pal-
terns. s better instead (o (reat with higher accuracy those things
that are well known such as the ellect of urbanization, mobility, of
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) Demo bl of aar ormenhlp lu Gerrueny (only farmer FRG tenlinry)
?Yxﬂsundlng‘:l.;lﬂml lalesgenertional sad gender diferences In nr:lrmc’r:hdls:
Comblned with demogrephic profections sceanrios af fulore enr ovnenblp .l &
veloped st HASA bsaed op differen] scenasfos of lfestgle cbanges of wmcul e o
borts satering driviog sge. Convensely (he ownenhlp (or nnn-owmnh:f{):;(b?r:;"l
older generstions sts apumed 10 remshy eelallvely atsble, conslistent wii [

cxperience (Sourcet Blitrer and Gribler 1991).

geography and climale on eneigy end-use p_allcms. Il_ss a d”bin.c?l
lo know the magnitude af the global warming polential or.mu tip f
gases il carbon dioxlde efccts snd emissions are known Wl'lh grea
accuracy while direct and indirect elects ul mcthane and ils cnl}lx—
slons are very uacertain. In this case, il would t.)c l?c}lcr (o k?:w (Cncc
stmaspheric concenfrations of these (wo gascs |ndw|du:.|lly.‘ cs c
ond generation madel can help and irnprO\fc the analysis omn‘:a)noys‘:d
thesc issucs provided it Is “'scaled” spproprisiely lu answer the [
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Comments an chapter v

“Yueslions - {o use the words of Edmands el al., il should be problem-
vricnted und involve minimum modelling. [ hope thal they will suc.
ceed. The proof of the pudding will come in ealing it - in this case we
will have (o he patient and wal for the first model implementation
and resulis. In uny cose, the aulhors must he complimuented on their
nmbitious and courageous underiaking,
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2. Kiclt S, Parikh
Al the oul:c(,-'lcl me say [hat this is an cxlremely ambitious eflort, Ji

is even mure ambilious than the one upon which we embarked at the
[ntcinational Institute for Applicd Systems Analysis (ITASA) in 1976
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in its Food and Agriculture Programme (F.AP). We buill \vhnl. wlc
called a Basic Linked System (BLS) of National Fgod and Agl‘lcu.-
tural Policy Models.! The national models are nppltc§ geaceral LQL.II:
librium models with a general cquilibrium Im!cugc. The systein has
some 34 models, 20 referring (o specilic countries or groups of coun-
\ries having a common agricultural pulicy_ and 14 mo.dels represenling
countries of the rest of 1he world fram differcni regions, groupcfi ac;
cording (o the similarity of their likely behaviour on lhf:_mlcmauor'na
mackel. The models distinguish 10 diﬂclcn} cnt'nmodl(lcs al the lnl
ternativnal level (more domestically), of which nine were ugncul(uml
commoditics and the tenth was 8 non-apriculiural seclor (o ch'm: the
system. The parameters of the modely were empirically cslunul.cd
{rom lime-scrics data. Empirical estimution us opposed 1o hunzlj-
matking was cansldered essential il the mudel systein were (o -.;
scribie the world with some measute of confidence. !l taok some 2(1
person years uf efforl. The st dcmnnslmli(.m version af the mudel
was reudy in 1980. A usable unc becume availuble in 1984, .
However, that was In 1976. Today, it is 1991 and I‘hc progiuss lll..l.l
has been mude over these years in computers, algocithms, comimuni-

. cativn nctworks, Jala availabilily, und the experlence abtnined with

equilibtium modelling, should make the proposed :Hpn ul
%chnl::nldsqcl al. succeed wilhitgl a reasonable lungih of lime. Wilhout
the Kty Hawk of the Wright brothers, 707s would not .havc come
aboul when they did. With our and similar cflotis an huuh{lpg-appl_wd
genersl cquilibelum-based linked systems, such an ambitious cliort
could now be conceived and launched. )

My commenlts on the paper arc grouped under different head-
ings. First, | would commenl on lIs npprmc!l. then on its scope, Hml:
tations, und piroblem-orientution. These will be followed by same
suggeslions.

The approach

The approsch is a bollom-up approach and thc model provides
enormous delails. With any model that you use, the users always de-
mand more delgils than whal is incorporaled into the modcl.‘ I can
“confirm thal from my personal experience. '_I‘hc model of India thut
we developed as a parl of the JIASA Basic Linked Syx(_:m wus one olf
the more detailed models of the systern. | have been using (hls mm:c-
for policy analysis and [ often find thal q'ucslions are a'skcd Hhat l“n::
madel cannot answer withaut Incorporating more delails or giea f
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urticulation. AN (he time we kee i

- we P on updating and madifying 1
mlodcl to a_ddrcs: new policy issues as they come up. lam lh);rcg{ort::
sympathelic to the level of detail that is being soughi ll; be i '
poraied into this model. eor
Th'crc 15 yel another reason for having a detailed model, A mode}
'Qlowdu scenarlos a'nd these icenarios provide consistent descrip-
dmns of u sct of variables. These variables can be divided into crr:-.
v%gcllous .nnd exogenous vatiables. While a model’s solutlen pro-
rclccs c_n.'m;lslcncy among the endogenous variables, i( is not always
, cognize lh.a( consistency among the exogcnous vatiables in speci-
.yn.n.g"a.sccnmo is a dlm_cull and critical 1ask, I docs therefore help in
.\!n.lg ym'g.(ox R sceanrio a sel of consistent values for exagenous
v'.‘nr ables, if their number is minimized. On the other hund this means
:“u( ll;c nuu:hc:‘of parameters o be estimated becomes large. One

4y alsu nale that when one is explorin ic 1
y ) g long-term siral -
:l:It:\lrcs,tchn‘:‘mpiucnlly estimated paramelers cannot bcal:kg:r:l 7::7)’1:
¢. Even dhen, the question of deseri liveness of th

nol he dispensed with: a model scenari i it them propaian-

dispe : ' 1o Is an ‘il ... then® proposit
and the “if*" ought 10 describe the world that we live in ll":hc:p‘(')ls}:‘-m2

is tlo hgw: apy relevance. .
Ed/r\m:n:plcr CGE‘E model, say of the Manne and Richels, or the
i ;Ims“:c;:i lllcllily llypc, provides a starting point for broadly de-

falegic allernalives. However, these modcls a

. re alread

avallable, One should really iry 1o build on them, Moreover, a m?)r:

mv i
o l:‘lil:l:;;. l'orl.vlnlemanonnl agrecments, or fo (acilitale international
g ns. Por these purposes, a madel s needed thal tclis us

who gains and who pays under al i ici
lernaliv ] is i
find somne prablems with 1he model. " PONCIEs and (hisfs where |

Problem-arlentation, scope, and timitstions

L(l;lln;] I.{:‘car;\c;dcl lobe what lcalla “growthand greenhouge' modeland
clopment and environment®’ model. Its em hasi
A . asis Is large)
::1033‘:': aIll':dc::«:mcmr:lc growih and on the trade-off bcl?veen cmnogrﬁlz
grecahouse gas emissions. Whal is required h isa
madel thal Ireats bolh develo ament in s ivd
: t velopmenlt and environment in a broad
:)l::nplec‘ln;c. Questions of income distribution, queslions of lacal vc‘:
d“sr'g obal effecix of environmental palicy, questions of lifestyles of
‘ d\.Lcnlllgmups of people, and questions of consumplion pallerns
nd development are very crilical and not addressed by the mode)
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For cxample, the developing counlries do not feel responsible far the
currenl greenhouse problem. Their emissions of CO; are less than 30
per cenl of the lolal greenhause gas emissions in the world, even
though they conslitule nearly 80 per cent of the world's papulation.
Many of these countries fuce severe environmenial siress in (heir
urhan areas due o air pallution, poor sanittion, congestion in shuns,
use of dirly {uels4n poorly ventilated kilchens, and crowded sciile-
ments. These environmenlal issues affect the wellare of their pap-
ulations in a much more direct way Lhan thc consequences ol the
grecnhouse efecl, These counlries, thercfore, tightly feel that they
should (ackle thesc lacal environmemtal problems befure they spend
any resources for global environmcental problems thut in any case

" they themsclves have not created. But, (o explure such trade-ulls, nne

needs to incorporale into the model 1he detvils of Incame distribution
across diferent groups o rural and urban arcas az mentioned cutlier,

To dao policy snalysis with 8 model means 1o compure alicrnative
silualions. Some form of camparison of wellace in alicraative situi-
tions is incscapable, The Edmunds et al. madel does nat stipukiate an
intcgrable demand system without which wellare coniparisons would
be extremely diflicult to make. A cansistent integrahle demund sys-
lem is quile essenlial fos such a model. Here, | may also point oul
thal 10 estimate a consislent dcmond system that remains mean-
inglul over long periads and large changces in income levels s dillicult.
Recently, 1 had occasion to project food demand fur the year 2050
When [ used clasticitles, or a simple lincar expenditurc system to
project these, ) got absurd resulls. The calotie intake Implied in these
prajections was somelimes 83 high as 10,000 Kcal per day. This is
clearly not a feasible intake level. Once nceds (o Nind an slternative
demand system. MHere, what we did In the [IASA modecl is worlh
nating. We had cstimaled a separatc demand function for esch com-
madily as a (unclion of income and own price. We had also cstimated
a separate relationship belween per capila calorie intake and per
capita income. This relationship was asymptotic of what one might
consider the physiological limii, For a given targel price vector und
Inconme level, we estimate an inilial veclor of demand using cach of
lhete Individual demand functions. Then we find a vector point thal is
close to this vector agd Is such that it salisfics the adding up ptoperly
as well 85 meels the aggregale caloric intake consiraint. Around the
new veclor point we then construct a lincar expenditure system. Such
a procedure was repeated at each time period in 1IASA's DLS models.
The resulling system can be considered as a lucal approximation Jo
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an amderlying utility funclion and can he shuwn (o he consistenl. Such
i pracedure gave sensible projections for 2050, which were also much
more robust to changes in incume levels. While the calorie consiraint

was 8 logicsl consiraint 1o impose when dealing with food demand as -
we were doing in the DLS, it Is nat adequale for the proposed model, -

which has many other non-sgricultural commodities. {t may be nec-
_essary lo impose some other natural consiraint. Perhaps one could
hinpose a consiraint on the time required for allernative consumplion
activitics and an the total lime available lo consume 1he various
commodilies. Such a constraint might make the demand system be-
have sensibly.

Itis imporiant that 8 madel does provide insighls inlo (rade-offs
between alieenstive developinent paths, belween consumption pat-
terns, belween production siructures, and across lime, Even a long-
lerm maodcl must address suine short-term policy issues and the issues
af resulting transitfon costs. Il a model does not provide any guidance
on whal we do now, the model is in some sense useless.

Sune pulnts of detail

Thete are sume points of detail which nced Lo be mentioned. First, it
is vilal to malntain common units for trade of commodities among
countries. This is a critical problem and requires much care and data-
gruhbing work. From the descriplion of the modcl, I am not sure how
these prohlems are to be handled and how units are going to be kept
cansisien! across dilferent couniries.

Secondly, an obscrvallon Is made In the paper that capital slack -
data can be “relatively casy 1o Gbserve.” This is nol so, as capital
stock dala are natoriously dilficull 1o oblain. Estimales of total factor
productivily growth in Indian industries based on the same data
source by Iwo different rescarchers arrive al (wo completely contrary
results; one saying that faclor productivity in India has grown, the
other saying thal it has nol. The difference can be largely ascribed to
the way caplial stock dala are put together fram information on the
time-series of invesimenl ul currenl prices by assuming ocrlain rales
ol real deprecialion. Unfostunalely, the deprecialion rales are nol
ohscrved and 8 seemingly small change in ihe rale of depreclation
whether il is.3 ar 4 per cenl per year can make a diflerence as to
whether total factor productivily grew or nol.

Thirdly, the model seems (o assume Thal guvernmenits do nut own
lund. However, governments can and do own land and substantial

sy
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amounts of it in many countrics. ‘Thus, questions nf.t.lufnru.\'l'..lliu'u nnd
tand markets cannol be adequotely dealt with withaut bringing
overnment behaviour in the land macket. Neither do | see hxhlull&'
fnemioncd anywhere, und consequences for accans seem 1o he le
out of the model, hopelully only for the mament.

Some suggestions

i oL at the
would like to make a couple of suggestions. it sccms lo_nic that
:ngu'cullurnl sector madel of ASA's BLS would provu.lc.a t\‘r::ry g‘(‘:'u'l:
starling point for this modelling work and Ihf: authars mig (prddi.
the possibilily of using this made] lar the ag|nculluml sector. cr:]auvcr
lion, the algorithm development !or 1IASA's system h.as pr(')lw;‘ ov:
Ihe years to be robust and efficient cven when dcahr.xg.lyw rpmmy
regimes with quotas. They might elso explare the possi tlnly <I1 .”.E
the algotithm that was devcloped by Michiel Keyzer® using
K‘};‘[lr::ltl’;.lcr ::t:lltl?jtiike to cmphasize that in using .lhc maodel, :,m:
should- keep in mind that no model can a_(!dn:ss the lm[.mrlin‘(.q |‘|-.;\-
tion of welfare dishiihutlon and responsibilitics. We hn.n.n.. u:' ug ! ‘._
carlh functioning and we must think fn terms ol n Ilh-.l.hd.n s, ‘ .y“'
lem Ihat is fair and fcasible. | suggest that we l!.m_\k mhh:mk:h.I
using markel-friendly approaches lowards mainiatning the ﬁu, :0
commons al the desired level by giving tradahle emission qulmlc"l
dilfercnt countiics. Initial sllocation of 1hese shauid :;c cu?i e
with the cartying capacily of the earth and .shuuld be bonc( :rrwy;
suggest that the aflocation based on population wquld c ln "z:)m wy‘;
In order not to encourege people to h.\crcasc their popula 19:)() :
may keep the allocatlons to the poEulalmns of a pasl yeer, sayor [.g.
hope this model vould give us insights Into sllernalive way: m{; jy
serving the global commions, of enhancing lucal cnvuu;\men . and of
improving the quality of life for all persons on carth. |Cu:g
the modellers on their ambitfous projecl and wish them fuck.

Noles

and K.S. Paridh, 14, Linked Natianal Muled A Tinid

1 Fisber, @ K. Probbutt bt P Bouua, Mais; Kluwer Acsdcmic Pubithcr 3nd In-

Jot Iwernoiioael Food Policy Analyiis.

litute (or Applicd Systemu Anmaipris. o . -
um"l“h‘l‘ :“lv::l' Cnm::llllnn of Fiscd Pulats by Applicd ( -nlllr.lu.llkm I'(;}\ml‘:u;:: ',Id'
* l';ltcy;‘::ﬂu‘ov.lch Ll'mnu Winting Paper SOW-8)U1. Amatesdum: Cuatee (ur Wi n
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3. Yuangzheng lLuo

Many of the poinis taken up in the paper sre of interes! to me and |
have yel fo digest them. I cannot agrce more wilh the view expressed
in thut poper that in the process of designing, 3 new model should be
prablem-oriented. We should not lapse into the practice of making
the problem fit the made). That would be repealing the mistake of the
faul in the Chinese fable who chopped off part of his fcet so thal they
could Iit the shoes.

{n their reconstruclion and cconomic development after World
War |l, Europe and Japan did not pay due altenlion to the lssue
of environmental poliution. Thus it went unhceded until the 1960s
when it became an explosive issue. How to conlrol environmenial
pollution and maintain the ecological balance becamec a great concern
of the Uniicd Nations and governmenis acound the world. To (his
end the United Nations set up the Environmenta) Council under the
Economic and Social Council (ECOSOC). China began [o take part

. in the Council's wark in the 1970s. The developed couniries have
dusigned a number of madels on envitunmental pollution In addilion
to formulating relevant policies and legislation. These have proven
through practice 1o be eflective in bringing environmental pollution
under control siep by step. However, [rom the global perspective, the
problem of environmental pollution has not been solved. The gtabal
cnvironmental issue has been aggiavated as a result of the accel-
crated ransfer by the indusirialized countrics since Lhe 1980s of
highly polluting and eneigy-guzzling Jabour-latensive industries lo
the developing countiies and also as a result of the indusirial devel-
opmenl of the developing countrics themiclves. Morcover, the emis-
sion of greenhouse gases and the depletion of the ozone layer led to
global environmental warming. People are becoming increasingly
concerned aboul such global environmenta) issucs. The developing
countrics have come 1o sce that prevention is belter (han *‘cure.” Bul
it must be pointed out that the industrislized countries should bear
the main responsibility for global eavironmental pollution and fhe
dcgradation of the enviranment. While they seek lo prolect the ‘en-
vironment in their own countries, the indusirialized countnes musl
wransfer eavironmentally sound Technologics to the developing coun-
Wtles, increase aid to them (or environmenial protection, and pul an
end 1o the iransfer to developing countries of Indusirics thal pollute -
the environment.

Greal strides have been made In environmental protection since
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the 1960s when the problem of pollution hegun tu catch Ihe x:llc[l;lll‘f;r;
of industrialiss, policy makers, snd the genecal public. n -cdl "
countries, cfleclive measurcs have been la\(c‘n and laws pd:; e
keep the air and the rivers and lakes cleun. Taday, murcnadn Rt
allention is focused on the greenhouse elect. { am con h'cr:n al;d
with a common understanding of the gravily of the pro .‘c ane
{hraugh concerted eforts, beiter technolugics will b_c dclvc. op e
reduce cmisslons of greenhouse gases !‘f’m industrial p anls.l o
cles, and home appliances and wiser policics adopled to contro
emissions.
cloping cuuntty, China iy cqually conc . the
gr?csnl:ug:: c‘EI'Sr.l g:nd abm):l environmental protection. 1o "1:1 |)2:;‘lil:\l;
of a reformist palicy and its opening up to the oumdciwm G
has, in the past dccude or 50, mndc. nolable prog.r.cu nlcon\ (;hini
environmental pollution and pruervnqg'lhc ceological bn unc;;. China
is fully awave of the jmportance of striking 3 propef ba}npcc cw:nd
achieving cconomic and sacial progress and maml.ammg' nmI n
ccological system beiween industrialization and cnvuummnis u,-(;{ui
{ection. We are ready (o learn [rom other countries wha(;vu el
1o us in prescrving our cnvironment. Huwever, dl.lc u? :mndcu.“]s '
technolagical consiraints, we cannol upply the suind s'un
environmental proteclion that the devcloped cmfnulcs use. e, In
You may be Interested 1o learn sboul China’'s cncra%y p_lrOn ‘.Om
1990 China's talal energy consumplion amounted 109 Sn;\ i n lons
of standard cosl. The breakdown is as follows: coal, 7d . p:cr 53.
crude all, 17 per cenl} natural gas, 2.1 per cenky and hydropower, J.
pcrY?un::.an sec from these figures thal coa) pluys 8 prcdumln;;:\jl ml;
in China's cnergy consumption. There was 2 time In the [ slunzn
carly 1980s when Chincse [sclotics swuchcd.lrom coal bur‘;\ms to ol
burning. But before long, China Ic_arn| that it could not :‘u[u( ?Imn
this, since exploration of oil requires far grealer capila m\sh"c 20
the mining of coal. So we swliched hack lo coal bur{ung.wc e ve
conlinue to rely heavily on coaldlolr ené;ngiry\ar:‘:n:i:}T‘;\‘;S?éclccﬁic to
use of nuclesr power snd 13p ic r¢
:1::::;5 on a much Iaxg?:r xulc.\;o lt.lis;nd;hn ;\:c(l:chai:‘fz:zr;:::fr::
cr consiruction ai Da Ya Wan in Sauthe '
::35: way for the building of more h'ydropmftc'r slations. Ail:\t'\:c::::\
economic development remalns China’s overriding concern, e
ing stlention Is being glven to environmental prolcclr:on.dv [
regard, there s 2 greal deal [or China ta learu from the acvails

rned ahoul the
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ABSTRACT

The Second Generation Model (SGM) is employed to examine four hypothetical agreements to
reduce emissions in Annex [ nations (OECD nations plus most of the nations of Eastem Europe
and the former Soviet Union) to levels in the neighborhood of those which existed in 1990, with
obligations taking effect in the year 2010. We estimate the cost to the United States of complying
with such agreements under three distinct conditions: no trading of emissions rights, trading of
emissions rights only among Annex I nations, and a fully global trading regime.

We find that the cost of returning to 1990 emissioas levels in the ‘United States in the absence of

. trading opportunities is approximately $108 per metric ton carbon in 2010. The total cost in that

year is approximately 0.2 percent of GDP. Emissions reductions are accomplished via energy
conservation across a broad range of residential, commercial, industrial and transportation
activities and by replacing coal fired power stations with natural gas facilities.

International trade in emissions permits lowers the cost of achieving any mitigation objective by
equalizing the marginal cost of carbon mitigation among countries. This is sometimes referred to
as “where” flexibility. “Where” flexibility allows least expensive emissions reductions to be
undertaken first, regardless of where they occur among trade participants. '

For the four mitigation scenarios in this study, economic costs to the United States remain below
1% of GDP through at least the year 2020. This was the case even in the scenarios where the
United States met its mitigation targets without international trading of carbon permits.
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Return to 1990
The Cost of Mitigating United States Carbon Emissions in the Post-2000 Period

James A. Edmonds
Son H. Kim
Christopher N. MacCracken
Ronald D. Sands
Marshall A. Wise

Pacific Northwest National Laboratory

More than 160 nations have signed the Framework Convention on Climate Change (FCCC). That
agreement required Annex I nations, ! the developed nations of the world plus economies of the
Former Soviet Union and Eastern Europe, to undertake measures to return emissions to 1990 levels
or below in the year 2000. The parties to the FCCC met in Berlin in the Spring of 1995 and
determined that additional measures were required to implement the ultimate objective of the
FCCC, “to stabilize the concentration of greenhouse gases in the atmosphere at a level which
would prevent dangerous anthropogenic interference with the climate system.”

Subsequent to the Berlin discussions, nations of the world have begun to consider measures that
would set quantifiable emissions limitation requirements in the post-2000 period for Annex 1
nations. Various measures have been considered. The purpose of this paper is to explore the
economic consequences of efficient policy instruments—carbon taxes or tradable emissions
permits—which might be employed to achieve a variety of targets in the post-2000 time frame. ?
Using the Second Generation Model (SGM), we estimate the costs to the United States of
complying with of four Annex I mitigation scenarios under three permit trading regimes.

Specifically, we examine the carbon taxes required for emissions mitigation and provide measures
of the costs of mitigation. B

We begin by describing the variety of policy options to be considered and'-' our geperal approach to
modeling those policies. We then review some of the necessary assumptions for this exercise, as
well as the structure and calibration of the SGM. Finally, we discuss the results of our analysis,
including time paths of emissions and measures of cost.

' Australia, Austria, Belarus, Belgium, Bulgaria, Canada, Czechoslovakia, Denmark, European Economic
Community, Estonia, Finland, France, Germany, Greece; Hungary, Iceland, Ireland, Italy, Japan, Latvia,
Lithuania, Luxembourg, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russian
Federation, Spain, Sweden, Switzerland, Turkey, Ukraine, United Kingdom of Great Britain and Northern
Ireland, and the United States.

2 In the United States, efforts were undertaken by the Interagency Analytical Team (IAT), and results were
summarized in United States Government (1997). The Second Generation Modeling team was one of
three modeling teams that participated in the evaluation of potential emission mitigation measures under
discussion. Note that the results presented in this paper differ from SGM results presented under the
auspices of the IAT. The IAT effort assumed higher rates of technical change induced by a response t0
policy implementation. This study does not make the same assumptions. '
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APPROACH

The SGM was used to simulate the impact of mitigation policies on the United States economy.
The SGM is a computable general equilibrium economic model that projects economic activity,
energy consumption, and carbon emissions for the United States and 11 other world regions. A
more complete description of the SGM follows in the next section.

Four scenarios were constructed that reduce carbon dioxide emissions in Annex [ countries by
2010. The four policies, designated ‘M_’, are listed below. Figure 1 shows United States
emissions paths for the four scenarios and the reference case in million metric tons of carbon
(MMTC). The reference case is a business-as-usual scenario, or what we project will happen in
the absence of a mitigation policy. In each mitigation scenario, allowable emissions are reduced
linearly from the reference level in 2000 to the emissions target in 2010.

M1990 Emissions from Annex [ regions must be no greater than 1990 emissions levels
beginning in the year 2010.

M1990+10% Emissions from Annex I regions must be no greater than 10% above 1990
emissions levels, beginning in the year 2010.

M1990-10%  Emissions from Annex I regions must be no greater than 10% below 1990
emissions levels, beginning in the year 2010.

M1995 Emissions from Annex I regions must be no greater than 1995 emissions levels
beginning in the year 2010.

[Figure 1. Carbon Dioxide Emissions Scenarios for the United States]

The four emissions mitigation scenarios each define a set of emissions rights for the Annex I
regions. In a mitigation scenario, regions must possess permits, or rights $o emit, for every million
metric ton of domestic carbon dioxide emissions. Three emissions permit trading regimes were
modeled under each mitigation policy: independent emissions mitigation, Annex I joint mitigation,
and Annex I mitigation with global permit trading. The 12 SGM regions listed in Table 1 provide
the necessary global coverage to simulate these trading systems. .Carbon taxes were used to
constrain emissions for each of the policy-trade combinations.

Table 1. Regions in the SGM

Annex I Non-Annex I
United States China
Canada India
Westem Europe Mexico
Japan South Korea
Australia Rest of World®

3 The Rest of World includes Latin America, Africa, and other Asian countries.

5
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Former Soviet Union

Eastern Europe

In the independent mitigation case, each Annex I region must individually meet its required
emissions targets without any trading of permits across regions. A time series of carbon taxes 1s
determined for each region to reduce emissions to be equal to its allocated emissions rights.

With Annex I joint mitigation, 2 common carbon tax is applied to all Annex I regions to meet the
overall Annex I emissions target. However, regions are allowed to trade permits amongst
themselves so long as the total constraint is met in each time period. Regions may only emit more
carbon than their allocated emissions rights atlow if another Annex I region is willing to sell a

corresponding number of its permits, thereby forcing the seller region to reduce its domestic
emissions beyond the required target.

In the global trading case, emissions rights are allocated to Annex I regions at the same levels as in
the Annex I trading case. Under global trading, however, the Annex I regions are allowed to
purchase permits from each other and from non-Annex I regions so long as the global emissions
constraint is met. The global constraint in each period is composed of the Annex I constraint and
the sum of the non-Annex I regions’ reference level emissions in that period. The SGM is used to
determine a global carbon tax just large enough to meet the global emissions target.

In none of the above scenarios and trading combinations are non-Annex I regions forced to
constrain their emissions below reference levels. No mitigation targets or emissions trajectories are
imposed on those regions. Under the global permit trading regime, non-Annex I regions participate
in the market for carbon permits only when it is to their economic benefit to do so. These regions
are allocated permits equal to their projected reference emissions, so they are only required to
reduce their emissions by an amount equal to the number of permits they wish to sell.

Eastern Europe and Former Soviet Union Permit Allocations

While carbon dioxide emissions in most regions are anticipated to continually increase over time
beyond 1990 levels, this is not true for the Eastern Europe and Former Soviet Union regions.
Emissions in these regions have declined since 1990. Their reference case emissions trajectories
reflect this decline from 1990 to 1995 and then increase slowly from 1995 onward. The downtumn
in emissions poses a special problem when allocating emissions rights. Two approaches to permit
allocations for the regions have been discussed in recent months. The first allocates permits based
on the stated policy scenario (e.g., M1990 allocates permits based on 1990 emissions level) so that
permits are allocated to them in the same way as they are to other Annex I regions. Because of the
decline in emissions in those regions from 1990 to 1995, however, this approach results in
emissions permits being granted to Eastern Europe and the Former Soviet Union in the policy years
that are greater than their reference level emissions. These ‘paper credits’ are equal to the
difference between the lower post-1990 emissions and the policy-level (i.e., 1990) emissions. For
example, the Former Soviet Union’s reference emissions level in 2010 is 836 TgC, significantly
lower than its 1990 emissions of 1050 TgC. If granted permits equal to its 1990 emissions, it
would receive 214 TgC worth of permits more in 2010 than its projected emissions, giving it 214
TgC worth of permits to sell without incurring any emissions reductions of its own.
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The second approach to allocating permits to Eastern Europe and the Former Soviet Union is to
grant permits equal to reference level emissions in each period until the projected path is
constrained by the policy. For example, in the M1990 case, the Former Soviet Union would be
granted permits equal to its projected reference emissions through 2020 because emissions in the
policy years never recover to 1990 levels.

For the purpose of this exercise, we chose to emphasize the latter approach in allocating emissions

to Eastern Europe and the Former Soviet Union. This reference allocation scheme ensures that the
stated Annex I emissions targets are achieved in both the independent mitigation and permit trading
scenarios. Because a final decision on the permit allocation method has yet to be made, however,

we have also included a discussion of the impacts of the mitigation policies utilizing the first
approach.

MODEL OVERVIEW

The SGM is designed specifically to address issues associated with global change. The model is
designed to perform the following types of analysis:

1. Provide estimates of future time paths of environmentally important emissions associated
with economic activity.

2. Provide estimates of the economic cost of actions to reduce greenhouse gas emissions.

Sectors

The SGM has nine producing sectors and twelve inputs to production. The inputs are land, labor,
capital, and the nine produced goods. Economic detail is maintained in the energy supply and
transformation sectors that are important for greenhouse gas emissions projections, but aggregated
elsewhere into one large “everything else” sector. -

’
Five different fuels are used for producing electricity, resulting in five subsectors for the electric
generating sector. A separate economic production function, of the constant elasticity of
substitution (CES) functional form, is used for each sector or subsector. Capital investment
decisions depend on an assumed lifetime of capital for each sector or subsector. Capital lifetimes
range from 15 years in the oil, gas, and coal production sectors to 70 years for hydroelectric
power. The relative size of each production sector and subsector is shown in Table 2.
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Table 2. Producing Sectors in the SGM

Gross QOutput in 1985

Producing Sector (millions of 1985 3)
1 Agriculture 468,618
2 Everything Else 5,086,486
3 Qil Production 64,171
4  Gas Production 45,804
5  Coal Production 20,006
6  Uranium Processing 2,195
7  Electricity Generation 165,800

a. oil 10,959

b. gas 34,152

¢c. coal 85,930

d. nuclear 21,370

e. hydro 13,389
8  Petroleum Refining ° 145,015
9  Gas Transmission and Distribution 105,330

Market Clearing

In the SGM, markets are said to clear. In other words, the SGM solves for the set of prices for all
markets (or sectors) in the modeled economy so that demands and supplies of each market are in
equilibrium. The set of prices in which the equilibrium holds is called the market-clearing price
set. In an equilibrium model like the SGM, markets are linked to other markets through the
market-clearing process. For example, a change in the demand for coal will have an effect on not

just the price of coal, but also the prices of oil, gas, and, at least indirectly, the prices of all markets
in the economy.

Carbon permit prices and taxes are also solved by the SGM as part of the market equilibrium.
Specifically, the SGM finds the carbon price such that the amount of carben emitted is just equal

to the carbon constraint of the region or group of regions under a carbon emissions limitation
constraint.

Carbon Taxes and Revenue Recycling

The SGM uses a carbon tax within each region to provide an economic incentive for the economy
to substitute away from carbon. Revenues obtained from the carbon tax can be very large, and
how the revenues are recycled, or redistributed to the economy, makes a difference in the final
economic cost. For this exercise, we assume that all carbon tax revenues are recycled back to
consumers through a lump-sum government transfer.

For the cases where emissions rights are traded between countries, each SGM region is allocated
an initial number of carbon emissions permits based on the stated mitigation policy (e.g., 1990
emissions levels for the M1990 scenario). Carbon permits can then be traded between countries at
a price that clears the global market in these permits.
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Modes of Operation

All of the SGM regions were initially developed as single-region models with a base year of 1985.
Each regional model operates in five-year time steps generally through 2030, 2050, or 2100. Most
of the single-region models were developed in collaboration with experts from that country. Itis
possible to run all of the regions individually or simultaneously in a global model with international
trade. The three modes of operation for the SGM are:

1. Single Region
2. Global with Partial Market Clearing
3. Global with Full Market Clearing

Single-region operation. For each SGM region, all produced goods are classified as being
tradable, nontradable, or traded at a fixed quantity. When SGM regions are operated
independently, a fixed world price is assumed for certain tradable goods; regions may import or
export as much of that good as desired at that fixed world price, subject to an overall balance of
payments constraint. For all nontradable goods, the quantity of trade is fixed in advance. The
following assignments are used when the United States model is operated independently:

Numeraire Sector: everything else (price always equals 1)

Fixed World Price: crude o1l

Fixed Trade Quantities: agriculture, coal, nuclear fuel, refined petroleum, electricity
Nontradables: distributed gas, land, labor

For each region, the large ‘everything else’ sector is the numeraire, with its price fixed at 1 for all
time periods. The prices of the other sectors in the economy are reported relative to this fixed
value. The ‘everything else’ good is a tradable good for all regions. An exogenous balance-of-
payments constraint is specified in advance for each region. Most regions-are assumed to move
linearly from a historical trade balance in 1985 to balanced trade by 2005.

Given a trial set of prices, the SGM computes supply and demand for all producing sectors and
primary factors of production. Markets for the nontradables and goods traded at fixed quantities
are brought into equilibrium by searching for a set of prices that equate supply and demand. Prices
are adjusted until supply and demand are within 0.01% of each other.

Global model with partial market clearing. The global version of the SGM is used when there is
~ at least one market that must clear globally. For the scenarios described in this paper, that market
is tradable carbon emission permits. The model searches for a global carbon tax, which can be
interpreted as a world carbon permit price, that clears the market for permits.

Each region is initially allocated a number of carbon permits and may trade those permits at the
world permit price. Some regions will be sellers of permits and some will be buyers. After trading
permits, all regions must hold permits equal to the domestic level of carbon emissions.
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All regions are still subject to a period-by-period balance of payments constraint. The model does
not allow borrowing to pay for carbon emissions permits. Imports of permits must be paid for with
exports of some other good.

Global model with full market clearing. There are no longer any markets with a fixed world
price. A set of world prices is found that clears all world markets. Also, world markets can be
created for goods that were traded in fixed quantities in the single-region model.

All of the scenarios described in this paper were run in the second mode, global with partial market
clearing. This mode was chosen for two reasons. The first is that we chose to adopt a fixed time
path of world oil prices for SGM mode! runs that were completed for the United States
Government during the spring of 1997. This meant that the world oil market would not be allowed
to clear in the model. The second reason is that model results are often easter to interpret when
some variables in the model remain predetermined over time.

Data Requirements

Three types of data are used to construct and calibrate each region of the SGM:

1. Economic and Demographic Data
2. Energy Balances
3. Technology Descriptions

Economic data include input-output tables and supplemental information from the national income
accounts. Population projections were obtained from the World Bank. Energy balance tables were
obtained either from the International Energy Agency or from government agencies within a region.

Input-output tables describe, in value terms, the flow of goods between industries and consumers in
an economy. However, a model concerned with quantities of carbon emissions must also be
concerned with quantities of energy. An input-output table alone is not sufficient to determine the
quantities of oil, gas, coal, electricity, and refined petroleum that are produced and consumed.
Supplemental information on energy quantities is required to map currency units from an input-
output table to energy units needed to calculate levels of carbon emissions. We combine economic
input-output tables with energy balance tables to create a hybrid input-output table with units of
Joules for energy products and real dollars for all other products. Miller and Blair (1985) provide
a general description of, and the motivation for using, hybrid input-output tables.

Individual energy technologies are characterized by the annualized cost of providing an energy
service. Data needed to determine the annualized cost include capital cost, equipment lifetime,
annual fuel requirements, the interest rate, and other annual maintenance and operating costs.

REFERENCE CASE AND CALIBRATION

The cost of reducing greenhouse gas emissions is dependent on the reference case. The higher the
growth rate of emissions in the reference case, the greater the cost of returning to 1990 emissions.

Therefore, much effort is expended to create an acceptable reference case beforc running any of the
mitigation scenarios.
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Results for this study are reported for the years 1990 through 2020. The United States reference
case was closely calibrated to the Annual Energy Outlook 1997 (AEQ97). Since AEOS7 projects
only up to the year 2015, projections beyond 2015 are SGM model results and are not calibrated to
any other established projections. Projections of carbon emissions, population, gross domestic

product (GDP), energy consumption, and electricity generation for the United States are described
below.

For the other global regions, economic and energy consumption growth rates were roughly
calibrated to regional projections from the World Energy Outlook 1996 (WEQ96). For the Eastem
Europe and Former Soviet Union regions, projected energy consumption levels were adjusted
downward from the WEQ96 projection to reflect recent events. Population projections for all
regions with the exception of the United States were set exogenously based on the World
Population Projections 1994-1995, published by the World Bank. The United States population
projection was set according to AEO97 projections. As mentioned earlier, the international crude
oil price trajectory was also taken from the AEQ97. Prices for all other fuels and goods in the
model were determined endogenously.

The general calibration procedure was to first match GDP growth by adjusting parameters that
control total factor productivity in the ‘everything else’ sector. Then energy consumption by fuel
was calibrated by adjusting input-specific technical change parameters. Carbon emissions are an

output of the model derived directly from primary energy consumption by applying fuel-specific
emission factors.

Carbon Emissions

-In 1990, total carbon dioxide emissions from the combustion of fossil fuels in the United States

were 1,350 million metric tons of carbon. Model results show that total carbon dioxide emissions
continue to rise as fossil fuel consumption increases and emissions reach 1,871 million metric tons
by 2020. This amounts to a 39 percent increase in total emissions and an emissions growth rate of
I.1 percent per year. Reference case carbon emissions were shown earl.ier'in Figure 1.

-

Gross Domestic Product

The two most important determinants of GDP are population growth and rates of change in
productivity. Total population levels for the United States were taken directly from AEQ97.

United States population grows from 250 million in 1990 to 323 million in 2020. This represents
an annual population growth rate of 0.85 percent per year.

GDP for the United States was matched to AEO97 projections by changing the total factor
productivity parameter for the ‘everything else’ sector. Beginning with the 1990 GDP of 6.1

trillion dollars, the economy grows at nearly 2 percent annually to reach 10.6 trllion dollars by
2020.

Energy Consumption
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Total energy consumption from 1990 to 2015 was calibrated to within 2 percent of projections
from AEQ97. Energy consumption by fuel is shown for the United States in Figure 2. Total
consumption increases from 86 EJ in 1990 to 118 EJ in 2020. This increase represents an average
annual growth rate of 1.1 percent over that period. The annual growth rate in energy consumption
declines over time and by 2020 decreases to 0.5 percent per year.

Petroleum remains the major source of energy through 2020, but its share of total consumption
declines over time, giving way to natural gas and, to a lesser extent, renewable energy sources.
Coal is the third largest source of energy and its consumption grows steadily at slightly less than |
percent per year. Nuclear energy’s contribution to energy consumption declines over time.

(Figure 2. Energy Consumption — United States Reference Case)

Energy consumption does not grow as fast as GDP, which results in the energy-GDP ratio falling

over time at an average annual rate of 1.0 percent per year. Figure 3 shows the energy-GDP ratio
generated by the SGM for the United States reference case.

[Figure 3. Energy-GDP Ratio - United States Reference Case]

Electricity Generation

Projections of electricity generation are similar to those of the AEQ97. SGM total electrcity
generation results are higher than the AEQ97 projections by approximately 10 percent. Electricity
generation from natural gas is the reason for the higher result. Total electricity generated in 1990
is nearly 11 EJ, which grows at 1.5 percent per year and expands to 17 EJ by 2020. The major
source of electricity is the combustion of coal; however, electricity generation from natural gas
plays a significantly larger role with time. In 1990, electricity generation from coal contributed 53
percent of the total generation, while that from natural gas combustion cohtributed 17 percent of
the total. By 2020, the shares of electricity generation from coal and natural gas are closer.
Electricity generation from coal and natural gas comprise 44 and 34 percent shares of the total,
respectively. Highly efficient and low-cost natural gas combined cycle power plants incorporated
into the SGM contribute to the growth of natural gas as the choice fuel for electricity generation.
Nuclear power’s contribution to the overall demand for electricity declines with time as existing
power plants are retired and no new additional plants are constructed.* Renewable energy sources
for electricity generation include hydroelectricity, solar photovoltaics and others. Generation of
electricity from renewable sources increases slightly from 1990 to 2020; however, renewable
energy’s share of total electricity remains below 10 percent of the total.

COST OF EMISSIONS MITIGATION

4 . .
The assumption of no new starts reflects a de facto nuclear moratorium. Were nuclear power to be-

allowed to compete against other energy forms on the basis of price alone, the model would continue to
build new facilities,
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Although this exercise employed the 12-region version of the SGM, discussion of results in this
paper will focus on the United States. The SGM provides output on regional GDP and its
components and a detailed description of the composition of energy supply. In this analysis, we
focus on the broad economic impacts to the economy. Specifically, we discuss the permit prices
required to meet the various mitigation requirements and the costs to the United States economy of
undertaking such policies. We also discuss the impacts of the domestic carbon taxes on energy
consumption.

Permit Prices

Table 3 shows the permit prices by trading regime required for the United States to meet its

emissions targets under the four mitigation scenarios. Permit prices in the United States must

reach $108 per metric ton of carbon to reduce United States emissions to 1990 levels in 2010 in the

independent mitigation case. This price increases significantly with the tighter constraint imposed

under the M1990-10% case. Permit prices in the M1995 and M1950+10% scenarios are very .

similar as only 5 TgC separate the constraints in the two cases in 2010. Vﬁ

. F
Table 3. United States Carbon Taxes Required to Meet Policy Goal Cﬁ V,jf‘ : ‘(
Eastern Europe & FSU Allocated Reference Case Permits \Qj/ﬁ(\!o 7£J“f
(1992 USS per Metric Ton of Carbon) o

Independent Annex I Joint Mitigation | Annex I Mitigation with
Mitigation : Global Trade
2010 2020 2010 2020 2010 2020
M1990 - 108 170 72 87 26 27
M1990+10% 60 110 42 58 16 18
M1990-10% 173 260 109 122 38 36 -
M1995 61 112 70 106 26 32

Permit prices fall as more regions are included in the market for carbon permits. In the
independent emissions mitigation case, carbon emitters in the United States may undertake
emissions mitigation options available only within the United States. In the Annex I joint and

_global permit cases, however, regions are included that have mitigation options with significantly

lower costs, thereby lowering the marginal cost to the carbon permit market of meeting the desired
emissions targets. As we will discuss, this ‘where’ flexibility in meeting emissions targets has a
significant impact on costs as well as permit prices.

A fixed emissions level and an increasing reference case emissions level imply both a rising
percentage emissions reduction and a rising price of meeting the fixed emissions target. Increasing
population in the United States, and the economic growth that accompanies it, put upward pressure
on emissions that, in turn, forces larger shifts away from coal toward natural gas and renewable
energy sources. The availability of relatively inexpensive abatement options in the developing
world allows the permit price to remain relatively constant over time in those cases.
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As the permit prices decrease across trading regimes, the United States purchases increasing
quantities of permits from abroad, thereby enabling it to emit more than its allocated permits alone
would allow. Figure 4 shows United States emissions for the M1990 case across the three trading
regimes. Under the independent emissions mitigation regime, the United States is limited to
emitting only what it is allocated under the scenario, its 1990 emissions level. With Annex I
trading, however, the United States purchases 209 TgC worth of permits in 2010 and 244 TgC in
2020 from the Former Soviet Union and Eastern Europe. The purchases increase to 316 TgC and
436 TgC in 2010 and 2020, respectively, under the global trading regime. Again, ‘where’
flexibility reduces the amount by which a permit-buying region must reduce its emissions and,
therefore, reduces the cost to the region.

[Figure 4. United States Carbon Emissions — M1990 Cases]

The M 1995 Annex I trading case is the only case in which the United States sells permits to other
regions. The permit price under independent mitigation in 2010, as shown in Table 3, is less than
that shown under Annex I trading. Because the United States can mitigate emissions less
expensively in 2010 than other Annex I regions, it reduces its emissions beyond the required 1995
target and sells permits to other Annex I regions. By 2020, however, the United States begins to
purchase permits from Eastern Europe and the Former Soviet Union.

Energy Consumption

Emissions mitigation is achieved primarily through two mechanisms: energy conservation -
reduction in total energy consumption - and replacement of coal-fired capacity with less carbon-
intensive fuels such as natural gas and renewables in the electricity sector. In the no-trading cases,
fuel switching from coal to natural gas and renewable fuels in the electricity generation sector
accounts for roughly 60 percent of the reduction in total emissions. Energy conservation makes up
the remaining 40 percent of the reduction. The domestic carbon tax of $108 in 2010 in the M1990
case results in a reduction of total energy consumption by 14 percent relative to the reference case.
Consumption of coal drops by 57 percent while consumption of petroleum drops by 7 percent.
Consumption of natural gas, however, increases by 4 percent due to fuel switching. Figure 5
shows energy consumption by fuel in the year 2010 for the four mitigation scenarios. Note that

even when emissions are returned to 1990 levels, the scale of the total energy system is not. The

fuel switching mentioned above allows the emissions targets to be met without reducing total
consumption by the same percentage as the required reduction in emissions.

[Figure 5. United States Energy Consumption in 2010]

Fuel substitution in the electricity sector results in the share of electricity generated from coal
dropping from 45 percent in the reference case to 20 percent in the M1990 case. The reduction in
electricity generation from coal is compensated for by increased generation from natural gas. The

share of electricity generation from natural gas increases from 29 percent in the reference case to
51 percent M1990 case.
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As discussed above, the domestic cost of stabilizing emissions at 1990 levels in 2010 without trade
is $108 per metric ton carbon. This cost roughly reflects the cost of abandoning existing coal-fired
power generation capacity and replacing it with a new combined-cycle natural gas-fired unit. A
$108 per metric ton tax adds approximately $0.02 per kilowatt-hour to the operations and
maintenance (O&M) cost of power generation in a coal-fired plant. This additional cost makes the
O&M cost of the coal plant higher than the levelized cost of installing a new gas-fired combined-
cycle unit, roughly $0.05 per kilowatt-hour. The $108 tax, therefore, provides an emissions

mitigation plateau for permit prices that is not exceeded until most of the existing coal capacity is
replaced.

Certain caveats apply to the discussion above concerning the marginal cost of substituting natural
gas-fired electricity generation capacity for existing coal-fired capacity. The cost analysis requires
that the tax be levied indefinitely. If the tax policy is believed to be only temporary, the amount of
substitution is likely to be much less substantial and the tax level required for stabilizing emissions
could be higher. The tax level required for mitigation also depends on the cost of developing the
infrastructure necessary to supply natural gas to potential new users. Extending pipelines to

particular areas, for example, might increase the cost of gas enough so as to discourage switching
from coal-fired plants in those areas. '

Cost Calculations

A very convenient way to characterize the response of any SGM region to a carbon tax is by
constructing a marginal cost of carbon curve. Figure 6 is a scatter plot of various carbon taxes
applied to the United States economy and the corresponding reduction in carbon emissions. Data
points plotted in Figure 6 are from the four independent mitigation scenarios for the United States.
Note that a positive tax is required to achieve any reductions in carbon emissions.

[Figure 6. Marginal Cost of Carbon]

The marginal cost curve is used to calculate one measure of cost that we will call the direct cost.
For any level of carbon emissions mitigation, the direct cost is defined as the area under the
marginal cost curve up to that amount of mitigation.* While the first units of emissions reductions
are very inexpensive; successive units become more and more expensive. So, as the constraints on
emissions become tighter across cases and over time, the cost of mitigation increases. Figure 7
shows the direct costs for the United States for the four independent mitigation scenarios. Direct

costs are shown at 5-year intervals through 2020 as a percentage of GDP. These costs are plotted
as negative numbers.

[Figure 7. Cost of Emissions Mitigation — No Trading]

5 Note that these costs do not include the costs of establishing a domestic or international permit trading

system nor do they include the transaction costs associated with permit trading among firms and/or
regions.
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Figure 8 focuses on the M1990 case and shows how costs to the United Sates are reduced with
trade in emissions permits between countries. The ‘independent’ cost line shown in Figure 8 is the
same as the M1990 cost line in Figure 7. In 2010, costs are reduced somewhat with Annex [
trading and reduced by about one-half with global trading. In later years, the flexibility in where
emissions reductions are undertaken impacts mitigation costs even more significantly.

[Figure 8. Ilustration of ‘Where’ Flexibility - Costs for M1990 Cases]

Cost calculations for the emissions trading cases are different than in the independent case. Costs
for the trading case take into account the value of permits traded. For a buyer of permits, such as
the United States, net cost includes the direct cost plus expenditures on carbon permits. A
breakdown of these two cost components is shown for the M1990 Annex I trading case in Figure 9.
Direct cost is roughly half of the net cost. The remaining cost, the difference between the ‘direct

cost’ and ‘net cost’ lines in Figure 9, is the value of emissions permits that would be purchased
from other Annex I countries.

[Figure 9. Cost Breakdown — M1990 Annex I Trading Case]

Impact of Alternative Permit Allocation Approach

The results discussed thus far have been based on the assumption that Eastern Europe and the
Former Soviet Union are allocated permits equal to the minimum of their reference-level emissions
and the policy-level emissions. This section will discuss the impacts of an alternative permit
allocation method in which Eastern Europe and the Former Soviet Union are granted permits equal
to their policy-level emissions in every period. Recall that ‘policy-level’ refers to the emissions
target set by the chosen mitigation policy. For example, the policy-level emissions in the M1990
case would be 1990 level emissions starting in 2010, and for the M1995 case they would be 1995
level emissions beginning in 2010. This assumption results in the ‘paper &redits’ discussed earlier
that significantly impact the permit prices required to meet Annex I emissions targets in the Annex
I and global trading cases.

Table 4 shows the permit prices required to meet the policy goal under the policy-level permit
allocation approach. The prices required for independent mitigation in the United States do not
change from Table 3 above because the paper credits in those cases are not available for purchase
outside Eastern Europe and the Former Soviet Union. Permit prices also remain unchanged under
the M1995 case because by that time the two regions have already suffered the worst of their
economic downturns so that emissions levels are at their lowest point in the 1990 to 2020 time
frame. The permit prices under the other trading scenarios are significantly less under this
allocation approach, however, because the regions are able to sell the paper credits without
incurring any cost domestically. In the M1990 case in 2010, the paper credits allocated to Eastern
Europe and the Former Soviet Union account for 37 percent of the emissions reductions necessary
for the remaining Annex I regions to meet their target emissions. This addition of permits available
for purchase reduces the permit price by $33, or by 46 percent, relative to the permit price under
the reference-level allocation approach. Figure 10 shows the difference in permit prices for the
M1990 case with Annex I trading between the two permit allocation approaches in 2010 and 2020.
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Note that the difference decreases over time as emissions in Eastern Europe and the Former Soviet
Union approach the policy goal.

Table 4. United States Carbon Taxes Required to Meet Policy Goal
Eastern Europe & FSU Allocated Policy-level Permits
(1992 USS per Metric Ton of Carbon)

Independent Annex I Joint Mitigation | Annex I Mitigation with
Mitigation Global Trade
. 2010 2020 2010 2020 2010 2020
M1990 108 170 . 39 73 15 22
M1990+10% 60 110 6 35 2 11
M1990-10% 173 260 88 124 31 36
M1995 61 112 70 106 26 32

[Figure 10. Permit Prices under Alternative Permit Allocation Met.hods for EE & FSU - M1990
Annex I Trading Case]

The lower permit prices under the policy-level approach result in lower total costs of emissions -
mitigation to the United States. In the M1990 Annex [ trading case, costs as a percentage of GDP
are reduced from 0.18 percent under the reference-level allocation approach to 0.12 percent under

the policy-level approach in 2010. Figure 11 shows costs as a percentage of GDP for the M1990
Annex [ trading case for both allocation methods.

[Figure 11. Cost of Emissions Mitigation under Alternative Permit Allocation Methods for EE &
FSU - M1990 Annex I Trading Case]

'

DISCUSSION

In this section, we summarize some of the insights gained from our modeling activities using the
SGM. First, economic costs depend a great deal on our assumptions about future carbon
emissions. Second, several measures of cost are available from the SGM. Third, the distribution
of costs among countries in a system of global permit trading is sensitive to assumptions on
exchange rates as well as the initial allocation of permits. Fourth, any system of global trade in

carbon permits implies potentially large transfers of wealth from one region to another. Finally, we
discuss how some of our assumptions affect the results on costs.

Role of Reference Emissions in Shapiné Marginal Mitigation Costs

All of the results in this study depend on assumptions used to create a reference emissions scenario
from the present to 2020. The amount of mitigation required to return to 1990 levels depends
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directly on reference case emissions for each region. In the Annex I trading cases, carbon permit
prices are particularly sensitive to reference scenanos for potential sellers of permits, especially
Eastern Europe and the Former Soviet Union.

Among the Annex I countries, projecting future carbon emissions is especially uncertain for
Eastern Europe and the Former Soviet Union. Of particular importance is when emissions in these
regions will once again reach 1990 levels. If this point is reached before 2010, then we model EE
and FSU just as any other Annex I country. If this point is reached after 2010, then emissions
restrictions are not binding in EE and FSU until that point in time.

Measuring and Reporting Costs

At least two measures of cost are available from the SGM and from other models as well. The
first measure, which we call the direct cost, can be thought of as either a deadweight loss or the
integral under the marginal cost curve for carbon. Using either approach, direct cost is
approximately equal to one-balf of the carbon tax (or permit price) times the reduction in carbon
emissions. For the permit trading cases, direct costs are then adjusted by the value of transfer

payments required to purchase or sell permits. This measure of net cost is simple to construct and
is comparable across models.

Of ultimate interest, however, is the net impact on some broader measure of economic activity
(such as GDP) or on economic welfare (such as real consumption). There are many reasons why
the change in GDP (or real consumption) is different than direct cost net of transfer payments.
These other components of cost include the effects of pre-existing distortionary taxes, changes in
terms of trade, and how tax revenues are recycled. In addition, measurement of GDP (or real
consumption) depends on the choice of index and base year used to construct that index. This

reflects real-world problems in constructing a quantity index for GDP when relative prices are
changing.

Foreign Exchange Rates ‘

Permit prices for the global permit trading cases are very sensitive to assumptions about exchange
rates. And while the United States follows a largely free market approach to exchange rates, most
developing nations do not. Therefore it may be perfectly reasonable to assume that over the long-
term the United States exchange rate with other free market trading parmers would tend toward the
purchasing power parity rate, this assumption is questionable with other partners. This is
particularly true for developing countries where market exchange rates, in local currency per U.S.
dollar, can be three to five times the corresponding exchange rate based on purchasing power
parity. A global permit price of $100 per metric ton translates, at market exchange rates, into a
much higher relative price in the developing countries than in the United States.

Exchange rates based on purchasing power parity are usually used to compare income levels
between countries, but market exchange rates must be used for goods actually traded between
countries. This creates a potential problem for developing countries considering participation in a
global permit trading program; carbon permits would be traded at market exchange rates, while
GDP losses are better measured using purchasing power parity. For developing countries, losses
in GDP could be greater than the value of carbon permits sold.

.~
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International Transfer Payments

We have modeled an international system of carbon permit trading that implies potentially large
wealth transfers from buyers to sellers of permits. These transfers also change the pattern of other
goods traded internationally. For a buyer of permits, this annual transfer of wealth is equal to the
annual quantity of permits purchased times the world market price of the permits. The size of
these transfers depends directly on the initial allocation of permits between countries. . The initial
allocation determines not only the amount of permits traded by each country, but also whether a
country is a buyer or seller of permits.

For this study, the initial allocation of permits among Annex I countries is simply the emissions
targets defined by the four mitigation scenarios. Non-Annex I regions were allocated permuts equal
to reference case emissions. These four mitigation scenarios represent only a few of the many
possible ways of setting global emissions limits and allocating emissions rights among countries to
meet those limits. Each allocation implies a different pattern of wealth transfers among countries.

Each region in the SGM is assigned a period-by-period balance of payments constraint. Buyers of
carbon permits must, therefore, export more of other traded goods than otherwise to pay for the

purchased permits. Conversely, sellers of permits use the permit revenues to increase imports of
other goods.

Sensitivity of Costs to Model Assumptions

Economic costs reported by the SGM for the United States are sensitive to many of the model

inputs. These include the choice of exchange rate, the inclusion of paper permits, and the method
of revenue recycling.

If purchasing power parity exchange rates were used instead of market exchange rates for the
developing countries, then any given world permit price would translate into a lower carbon tax in
that country’s local currency. For global trading cases, this would increase the global permit price

needed to meet a global emissions limit, and the SGM would report higher costs for the United
States.

For Eastern Europe and the Former Soviet Union, carbon permits were allocated based on their

reference case, and not on 1990 emissions. If we had allocated permits based on 1990 levels, these
extra ‘paper credits’ would create a less-stringent Annex I target. The model would then report a
lower permit price for the trading cases, and a lower cost to the United States.

In this study, we assumed that all revenues from a carbon tax would be recycled as a lump sum to
consumers. Another option is to use the carbon tax revenues to offset other taxes. This has the

potential to reduce overall costs, since carbon tax revenues would displace other distortionary
taxes.

KEY OBSERVATIONS
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Economic costs are reduced with a permit-trading program that equalizes the marginal cost of
carbon between countries. The least expensive emissions reductions are taken first, regardless of

where they occur. Costs shown in Figure 8 provide a good example of the importance of this
‘where’ flexibility.

For the four mitigation scenarios in this study, economic costs to the United States remain below
1% of GDP through at least the year 2020. This was the case even in the scenarios where the
United States met its mitigation targets without international trading of carbon permits.

Each region in the SGM can be characterized by a marginal cost of carbon curve, as was shown in
Figure 6. This shows the approximate carbon tax required for any given level of carbon emissions
reduction. For the amount of emissions reductions needed in 2010 to return to 1990 levels, a
carbon tax of $108 per metric ton of carbon is required.



".‘,-‘;r

1
i’

Review Draft — Comments Welcome 11/14/97

REFERENCES

Edmonds, J.A_, HM. Pitcher, D. Bams, R. Baron and M.A. Wise. 1993. “Modeling Future
Greenhouse Gas Emissions: The Second Generation Model Description,” Proceedings of the

United Nations University Conference on Global Change and Modeling, held in Tokyo, Japan,
October, 1991.

Fisher-Vanden, K.A., R. Baron, J.A. Edmonds, H M. Pitcher, R.D. Sands and M. A. Wise. 1993,
Calibration of the Second Generation Model, draft report. Pacific Northwest National
Laboratory, Washington, D.C.

Fisher-Vanden, K.A., P.R. Shukla, J.A. Edmonds, S.H. Kim, and H.M. Pitcher. 1997. “Carbon
Taxes and India,” Energy Economics 19, 289-325.

Hibiki, A., and R.D. Sands. December 1996. “Estimating the Impact of a Carbon Tax Using the
Second Generation.Model of Greenhouse Gas Emissions for Japan,” in Global Warming, Carbon
Limitation, and Economic Development, A. Amano ed. Center for Global Environmental
Research, National Institute for Environmental Studies, Tsukuba, Japan.

International Energy Agency (IEA). 1996. World Energy Outlook: 1996 Edition. Organization
for Economic Cooperation and Development, Paris, France.

International Energy Agency (IEA). 1997. Energy Balances for OECD and Non-OECD
Countries, data provided on floppy disk. Organization for Economic Cooperation and
Development, Paris France.

Miller, Ronald E., and Peter D. Blair. 1985. Input-Output Analysis: Foundations and
Extensions. Prentice-Hall, Inc., Englewood Cliffs, New Jersey.

United States Department of Energy, Energy Information Administration (EIA). December 1996.
Annual Energy Outlook 1997: with Projections to 2015. DOE/EIA-0383(97), Washington, D.C.

United States Government. May 1997. Economic Effects of Global Climate Change Policies:

Results of the Research Efforts of the Interagency Analytical Team, draft report. Pacific
Northwest National Laboratory, Washington, D.C.



£~0019583 OLE

~ Page 1]

.

AMTC

Figure 1. Carbon Dioxide Emissions

2000

1800

1600

1400

1200

1000

800

600

400

200

0

Scenarios for the United States

B Baseline
® M1995
//. = M1990+10%
| ®Mis0
/l/-ﬁ.-\"\—l —————— | % M1990-10%
" . —n -
\ = —u
—
1990 1995 2000 2005 2010 2015 2020



__Page 1]

Figure 2. Energy

Consumption United m o
140 States Reference | ® Gas
Case M Coal
yules .
120

100

80

60

40

20

1990 1995 2000 2005 2010 2015 2020




~

Figure 3.
- Energy-GDP Ratio
United States

1.2
Index Reference Case
1990 = |
1.0 1 —T -\—4\-
> -\'
06
04
0.2
T 0 | | 1 1 : |
- 1990 1995 2000 2005 2010 2015 2020
L )
[
r !



~0019583.0LE

_ Page1q

AMTC

o~

2000
1800
1600
1400
1200

1000

- 800

600

400

200

Figure 4. United States Carbon
Dioxide Emissions M1990 Cases

1990

1995

2000

2005

——

2010

2015

)/J;:;:
/_/-<::\./_/-

2020

- 335eline
- Global Permit Trade
- Annex | Joint Stabilizaton

- (ndependent Stabilizabon




£~0019583 OLE : H'Q:e'ﬂ

Figure 5. United States Energy

120 Consumption in 2010
n ol
100 " Gas
| ]
Exajoules o
M Nuclear
80 B Hydro
Renewabies
60
40
20
0 ! {

Reference M1990 M1990 + 109%M1990- 10% M1995




@w N

300

250

200

150

100

50

Figure 6. Marginal
Cost of Carbon

-
n
[
i
N
n |
n ||
| |
|
||
K =
I
| [ 1

a

| | | |
' Reduttion ih Carbbon Dioxide ! '

Emiccicme (MMTOY o o

B M1995
® M1990-10%
H M1390 +10%

® M1990




~F3aeT]

dercent
of
GDP

TS

0%
0.4%
0.-8%
-12%
-16%

-2%
- 24%
-28%
‘.320/0
-36%

-A%
- 44%
-48%
-52%
-56%

-6%
- 64%
-68%

Figure 7. Cost of
Emissions Mitigation No

__ = Tra Ing | ;-:1ZZZ+10%
I 0pdF M19%0
‘R \ B M1990 - 10%
\\\\ . <
\
N~
.




T Page1\

Figure 8. lllustration of
'Where' Flexibility Costs

) fO r M 1 9 9 0 C aﬁes #- Giobat Trading
ercent 0% & . , 1 1 |
of l ! | ~ 1 | ® annex | Trading
GDP 0._40/‘1, 99000 199500 200000 0 201000 201500 ZOZOTE_ Independent

0.-8% ' \

N T

-16% \\ |
- N

-24% _ \\

-28% ' \\_

-36% \-

-.4%




- -

_Page 1]

Figure 9. Cost
Breakdown M1990

’ercfent 0% — FAn €X I T%radmlg | J & Direct Cost
(o] .

199000 199500 200000 0 201000 201500  2020p0 NetCost
GDP 0.4%

0.-8%

\
-12% \\ \L\\\\‘\\“\i
-16% \\
2% \\
-24% \\‘\
-28% \\\\u

I -32%

}




- -

-

1992
uss

e

EE & FSU: M1990 Annex | Trading Case

80

Figure 10. Permit Prices under

Alternative Permit Allocation Methods for

M Reference-evel

B Poiicydevel

2010 2020

Page 1}



L I ’ FTETT—
:2J016583.0LE

Page 1

Figure 11. Cost of Emissions Mitigation
under Alternative Permit Allocation

GDP

0% -@ #

Trading Case

P Methods for EE & FSU - M1990 Anneﬁfﬂﬂ%ﬂ

® Policy-level

|
]

1

199000 189500 200000 201000 201500 202000

0.-4%

0.-8%

-12%

-16%

2%

~.24%

-.28%

-.32%

X
S
N

\\ a
BN




PO
-

.RIF Research Bref: [inpacts of Climate C...tigation on Other Environmental Problems th?//W“""-Ti‘f-CfS'RESEARCZ-'.bricl's.‘mili-zS.htm

,’—,"'/z CLZK[VL
Research Briefs Reo
£2 RESOURCES FOR THE FUTURE

Impacts of Climate Change Mitigation
on Other Environmental Problems

Mitigation policies for reducing the risks of climate change may have a variety
of other effects on the environment. For example, policies to promote energy
efficiency also are likely to reduce pollution associated with energy use, which
can improve air quality and reduce harmful water pollution. Some effects could
prove harmful, such as an increase in exposure to indoor radon from tighter
buildings that may be constructed to improve energy efficiency or to avoid the
effects of climate change. Similarly, wetlands could be damaged from the
construction of floodwalls. Climate change may also alter baseline conditions
for pollution risks -- that is, a warmer climate could enhance the formation of
harmful pollutants under some conditions.

Building on recent research that has assessed pollution rates for specific
industries and established the importance of regional characteristics in factoring
the impact and costs of pollution, researchers at Resources for the Future
(RFF) are examining this issue of co-control benefits. They are analyzing
changes in the structure and regulation of the electric utility industry to provide
a more comprehensive characterization of the benefits of different policies.

Several recent studies have employed dynamic computable general equilibrium
models of the United States economy to estimate the compliance costs of
various to reduce carbon dioxide (CO,) emissions. An important aspect of

these policies, says RFF's Dallas Burtraw, project coordinator, is the
non-climate change benefits that may result. Preliminary research has looked at
how these mitigation policies could affect emissioris of pollutants other than
CO, as well as possible economic benefits. But, says Burtraw, it has not

accounted for regional profiles of emissions and their associated environmental .
impacts.

In the project's first phase, researchers are investigating how emissions of
NO_* and sulfur dioxide (S0,) and concentrations of related pollutants

associated with different CO, control policies are affected by restructuring in
the U.S. electric industry. They are using the regional power trading and
reduced form atmospheric transport components of PREMIERE (Primary
Regional Environmental Model in Electricity Restructuring), a model
developed at RFF to analyze the effects of increased inter-region power trading
on regional air pollution as a result of restructuring.

In the project's next phase, researchers are creating a simulation model that
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takes selected results from CGE models, and adds a state or regional profile for
projected changes in economic activity and associated emissions. This revised
model will also include a library that shows geographic and demographic
changes in population that are expected over time, and a reduced form
atmospheric transport model to track concentrations of various pollutants,
similar to the one constructed in PREMIERE.

Finally, researchers will use this model to incorporate RFF's health benefits
model and other environmental models to construct a geographic and temporal
profile of co-control benefits. Uncertainty will be explicitly modeled using a
Monte Carlo analysis. The model will then be used in subsequent phases to
investigate a variety of climate-related policy instruments. They seek to
estimate their nonclimate-related benefits and test the validity of average
estimates for economic benefits that have been used in previous studies.
Researchers will pay special attention to co-control benefits in an international
context, and, where possible, will develop new "rules of thumb" for transferring
benefit estimates to other venues.

The project is part of RFF's Climate Economics and Policy Program, which
aims to increase understanding and knowledge of the complex issues that must
be addressed to design appropriate domestic and international climate change
policies that are reliable and efficient.

Hi#

* Many discussions of nitrogen-based air pollution refer to nitric oxide (NO)
and nitrogen dioxide (NO,) together as nitrogen oxides (NO,). NO, is a

brownish gas which is produced when NO emitted from power plants combines
with oxygen already in the atmosphere. In the presence of sunlight and volatile
organic compounds, NO, can contribute to the formation of ground-level

ozone, or smog. NO, can transform to nitrates in the atmosphere which, as a

fine particulate, has effects on human health. Of the three electricity-related
pollutants most responsible for current environmental damage -- NO,,

particulates, and sulfur dioxide -- NO, currently merit the most immediate
policy attention because emissions of NO, are neither capped by environmental -
regulation nor controlled as effectively as particulates with current technology. -

Hit#

Research Contact:
Dallas Burtraw
(202) 328-5087
burtraw@rff. org
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The Kyoto Protocol:
Unresolved Issues

By Raymond J. Kopp, Richard D. Morgenstern
and Michael A. Toman

JANUARY 8, 1998 -- On December 10 1997, 160 nations
reached an historic agreement in Kyoto, Japan on limiting
emissions of carbon dioxide and other "greenhouse gases.” The
Kyoto Protocol calls for the industrialized nations — the so-called
Annex I countries — to reduce their average national emissions
over the period 2008-2012 to about five percent below 1990
levels. The U.S. pledged to reduce its emissions by seven percent
below 1990, slightly less than the European Union and slightly
more than Japan. The Protocol permits some industrialized
nations to modestly increase their emissions and makes special
provisions for the members of the former Soviet Bloc. None of
the developing countries, including those with large and growing
emissions such as India and China, is required to limit its
emissions.

The protocol is broader than previous agreements in that it
includes all the major greenhouse gases and takes into account

* emission changes resulting from changes in forest and land use
patterns. The Protocol also contains the elements of a program for
international trading of greenhouse gas emissions. Such trading
would employ market incentives to help ensure that the
lowest-cost opportunities for emissions reductions are pursued.

The Kyoto agreement is a significant victory for advocates who

have sought to convince world leaders to address climate change.

It is intended to signal to governments, businesses, and

households that limits will be placed on future emissions of
greenhouse gases, and that now is the time to begin developing

the necessary technologies. Advocates also express the hope that -~
acceptance by industrialized countries of binding emission limits
would make developing countries more willing to take
emissions-limiting actions appropriate to their own circumstances.

A protocol that is both workable in practice and capable of being
ratified by the Senate must come to grips with three basic
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questions:

* Does it represent a sound framework for attaining long term
global emission-reduction goals, and is it clear enough to
serve as a sort of international contract to which parties can
commit?

* How costly are the targets and timetables for greenhouse
gas reduction agreed to by the U.S. and other Annex 1
countries — are they as affordable as the Administration
says, or as burdensome as the fossil fuel industry has
asserted?

¢ What measures would the U.S. deploy in order to achieve
the goals laid out in the Protocol?

As we discuss in the balance of the article, the Protocol itself has
significant gaps; the costs of meeting the stipulated targets are not
tremendous but not trivial either; and there is a great deal still to

settle with respect to the domestic policy agenda.

Unresolved Issues with the Protocol

The negotiators deferred action on several important but
controversial elements to a subsequent meeting scheduled for the
Buenos Aires in the fall of 1998. President Clinton has indicated
that he will not send the Protocol to the U.S. Senate for
ratification until more progress is made on these issues. We
believe that, at a minimum, several issues must be addressed
before ratification and implementation can occur;

The rules and institutions that will'govern international
trading of greenhouse gas emissions among Annex I countries
must be better established. Article 6 of the Protocol provides
for emissions trading, but only in the vaguest of terms. How the
trading program is carried out greatly affects the capacity to hold
down compliance costs. A program that establishes a freely
functioning, largely private market in emissions permits, where
private entities may execute trades with minimal bureaucratic red
tape, will be the most efficient and will lead to the greatest cost
savings. In contrast, a market permitting only trades by
governments, or a market where private trades are hamstrung by
overly restrictive rules, will sap the cost savings.

The rules and institutions governing joint implementation
(the so-called Clean Development Mechanism) must be
developed in detail. Under Article 12 of the Protocol, Annex I
countries can jointly undertake projects with developing countries
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to reduce emissions in the latter countries, and count those
reductions toward compliance with their own commitments,
where it is possible to establish meaningful baselines against which
reductions can be measured. Again, however, the Protocol does
not address how such projects can be undertaken. A well
supervised, but freely functioning market combined with credible
certification and enforcement of reductions would yield real
greenhouse gas reductions at lower cost. An overly restrictive and
bureaucratic system would sap possible gains.

The criteria used to judge compliance, and any penalties for
noncompliance, must be clearly articulated. The protocol
contains a number of technical provisions for assessing national
performance in measuring emissions and meeting emissions
control objectives. These provisions build on previous efforts
under the Framework Convention but are complicated by the
more comprehensive nature of the new protocol. Beyond these
technical questions, the fundamental issue is what actions, if any,
would be taken if a country was found not to be in compliance.
The emissions goals of Annex I countries are taken to be binding
under international law, but the protocol itself contains no
stipulations for sanctions in the event of noncompliance.

A binding agreement on the part of the major developing
countries to limit their emissions at some specified point in
the future must be obtained. The Framework Convention
clearly states that developing countries do not bear the same
obligations as developed nations for emissions control in the short
term. Nevertheless, the Protocol could and should contain
commitments from developing countries to limit their emissions
growth. This can be achieved through the pursuit of "no regrets"”
measures that would be prudent to undertake in any case, and
agreements to eventually cap emissions as countries’ economic
circumstances improve in exchange for assistance in adopting
clean technologies. The lack of any early commitment by
developing countries not only aggravates short-term concerns in
the U.S. and other industrial countries about international
competitiveness, but also raises the specter of developing

countries becoming "locked in" to more fossil-fuel-intensive
technologies. '

To make longer-term objectives more credible, moderate but
specific near-term goals should be set for Annex I countries
and these countries should be able to use early emissions
reductions to meet longer-term requirements. Other than a
passing reference in Article 3 to the need for "demonstrable
progress” in achieving commitments by 2005, the Protocol is
silent on interim measures. Yet, without interim targets, prospects
for achieving more ambitious longer-term goals become
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problematic, and the incentives to engage in long-term
investments in new capital and technology are undercut.
Incentives for cost-effective reductions before 2008 to meet
long-term requirements also are limited since the Protocol makes
no provision for emitters to "bank" such reductions.

Raymond J. Kopp directs RFF's Quality of the Environment Division, where
Richard D. Morgenstern is a visiting scholar on leave from the U.S.

Environmental Protection Agency. Michael A. Toman directs RFF’s Energy
and Natural Resources Division,
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FEATURE

The Kyoto Protocol:
The Realities of Implementation

By Raymond J. Kopp, Richard D. Morgenstern
and Michael A. Toman

On December 10 1997, 160 nations reached a historic agreement
in Kyoto, Japan on limiting emissions of carbon dioxide and
other "greenhouse gases."” The Kyoto Protocol calls for the
industrialized nations — the so-called Annex I countries — to
reduce their average national emissions over the period
2008-2012 to about five percent below 1990 levels. The U.S.
Dpledged to reduce its emissions by seven percent below 1990,
slightly less than the European Union and slightly more than
Japan. The Protocol permits some industrialized nations to
modestly increase their emissions and makes special provisions
Jor the members of the former Soviet Bloc. None of the
developing countries, including those with large and growing
emissions such as India and China, is required to limit its
emissions.

JANUARY 15, 1998 -- In the runup to Kyoto, a number of
experts pointed out that both the environment and the economy
might be served by following a slower path to emissions control
than the Protocol stipulates, while developing the technologies for
more aggressive and affordable emissions reductions later. Others
disputed this view. In any event, the agreement reached in Kyoto
sets the stage for discussion and for future debate in the Senate.

Some partisans have claimed that meeting the Protocol’s targets
ultimately will be inexpensive or even free because there is a large
untapped reservoir of cheap energy-efficiency opportunities
available today and new technologies will materialize in the near
future. Other partisans predict economic collapse.- - o
In our judgment, while neither extreme view is correct, there is a

. substantial likelihood that the proposed target and timetable will

- impose significant costs on the U.S. and the global economy, even
after accounting for new technology stimulated by domestic
policies. The limit agreed to by the U.S. implies a reduction of
about one-third compared to what the U.S. Department of Energy
estimates carbon dioxide emissions will be by the end of the next
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decade. Even with the flexibility to reduce emissions of other
gases, achieving emissions reductions of such magnitudes in at
most 15 years will lead to higher energy prices and thus costs that
will be borne throughout the economy. These costs in turn will
also give rise to serious debates about fairness. Recent public
opinion polling indicates increased concern about climate change
and some willingness to shoulder burdens to curb greenhouse gas
emissions, but there is no compelling evidence that the public is
ready to accept significant increases in energy prices or other
costs. In light of these costs, it is an open question whether the

Senate is willing to ratify the target and timetable stipulated in the
Protocol.

A First Step Toward Implementation:
Understand the Benefits and Costs

An important first step in fostering a productive debate nationally
and in the Senate over the Protocol is better understanding of its
benefits and costs. Advocates should dispense with the pretense
that emissions reductions of the scale and speed proposed can be
achieved at negligible or even negative cost, or that reductions
necessarily doom the economy. To shine a brighter light on the
costs and consequences of the Protocol requires an investment in
better and more inclusive analysis and review of estimates, so that
competing claims can be adjudicated and new ideas introduced.

. Even after questions about the Protocol itself are settled, domestic
policy options for achieving the targets and timetables require

more thorough consideration. The U.S. deserves credit for
advancing some specific measures. Still, the proposal the
Administration offered in October — $5 billion in incentives for

new technology — will not be enough-to move the economy from
where it is today to where it needs to be to meet the Kyoto goals. .

Ultimately, if the U.S. is to even approach the Kyoto goals,
energy prices must rise enough — especially for coal, the most
carbon-rich fossil fuel - to induce enough conservation, energy
efficiency, fuel switching, and the development and deployment of
new technologies and energy forms. How large this price rise will
have to be depends on what domestic policies are used. No
agreement yet exists on this policy menu. Even if an efficient
mechanism like emissions trading is used within the U.S,
important questions of who gains and loses from the policy remain
to be settled. '
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The Key to Cost-Effective Climate Policy:
Market Incentives

To meet the Kyoto goals as cost-effectively as possible, the
Clinton Administration should commit itself to the use of
incentive-based market policies for domestic emissions control.
Well-intentioned but costly proposals to mandate energy
efficiency through rigid command-and-control measures must be
avoided. In addition, policies aimed at encouraging the
development and dissemination of low-emissions technology need
careful scrutiny to avoid waste (for example, through an
ill-focussed subsidy policy).

The institution of some modest interim measures to limit
greenhouse gases would be important for establishing the
credibility of longer-term reduction goals. A domestic emissions
trading program with looser controls than are required by the
Protocol is one example. Such a program would be combined
with a "safety valve" that would cap the price of a tradable
emissions permit at some prespecified level which would rise over

time, with the government offering additional emissions permits as
needed to maintain the price caps.

Such an approach is complementary to the policies the
Administration already has announced and would provide valuable
information about how emissions control policies work as well as
their costs to the economy. It also would offer such near-term

* benefits as improved air quality from reduced conventional air
pollutants and encouragement for the development of
lower-emissions technologies. Even stronger incentives for early
demonstrable progress would be provided if any early emissions
reductions below an established baseline (for example, actual 1997

emissions levels) could be banked for use in meeting subsequent
binding constraints. '

Raymond J. Kopp directs RFF’s Quality of the Environment Division, where
Richard D. Morgenstern is a visiting scholar on leave from the U.S,

Environmental Protection Agency. Michael A. Toman directs REF 's Energy
and Natural Resources Division.
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Costs of Reducing Non-anergy Greenhouse Gas Emissions in 2010 M0
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ANNEX 1 CARBON EMISSIONS (million metric tons)

1990 emissions 2010 emissions
United States 1337 -2 AE0E: 1803
Former Soviet Union 1,029 B72 _ _
Western Europe 1,016 1,208 '
Eastern Europe 309 306
Japan : 308 466
Canada 137 182
Australia/ New Zealand 100 127 7018
S i Tcr YL
U236 G- \_( A
7 ( YZ_ [ 4[/
DEVELOPING COUNTRIES (million metric tons) i
1990 emissions 2010 emissions -

All other 904 1,811 =

China 625 1,523
India 159 421
Mexico _ 87 163 :
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- |Converting carbon value to energy price increases

Total* .

éf_?o
Tseny
27

-
L

I

1

L3

395 - e

Ph
| c¥l - if?

IE
Phow :

Frova

FAY

01/09/98 FRI 15:59 FAX

October 9, 1997 :

) Coal-fired* “Total**
_ - Natural Gas Gasoline Coal  electricity electricity electricity|
Carbon " Value” (mcf)  (gallon) . - (ton) ($/kwh) ~_ ($/kwh) ($/kwh
$0.00 . ; '$0.00 $0.00 * 30.00 $0.0000 $0.0000  $0.0000
$10.00 _ $0.15 $0.02 “$5.46 $0.0026 . $0.0016  $0.0017
$20.00 $0.30 $0.05 Q@ © $0.0053  $0.0033  $0.0034
$30.00 ' $0.45 = $0.07 16.38 $0.0079  $0.0049  $0.0050
$40.00 $0.60 $0.10 = $21.84 $0.0106 $0.0066  $0.0067
$50.00 ' $0.75 $0.12 $27.30 $0.0132  $0.0082  $0.0084
$60.00 - $0.89 $0.15 - $32.76 $0.0158  $0.0099  $0.0101
-§$70.00 - ' $1.04 $0.17°  $38.22 $0.0185  $0.0115  $0.0118
$80.00 : $1.19  $0.19 $43.68 $0.0211 $0.0131 = $0.0135
$90.00 : $1.34 $0.22 $49.14 - $0.0238 $0.0148 = $0.0151
$100.00 $1.49 $0.24 $54.60 $0.0264 - $0.0164 - $0.0168
$110.00 : $1.64 $0.27 ~ $60.06 $0.0290 . $0.0181  $0.0185
$120.00 - - $1.79 - 30.29 $65.52  $0.0317 $0.0197  $0.0202
* Calculation based on 1995 electricity generation, excludmg Cogen. o
‘J** Caicuiation based on 1995 electncuy Sales.
1995 Price and Consumpuon of Narurdl gas, Gasoline, Coal and Electncnty
Pncc Quanlity - P*Q
“($billion)-
“INatural Gas ($/mcf at wellhead, tcf) © $1.61 22.2 $35.71
Gasoline ($/gallon, mmbd/day) ' $1.15 7.8  $137.45
Coal($/ton at electric uulmes, mil short ton) $27.01 847.0 $22.88 .
Electricity($/kwh end-use, ‘bkwh) : 07 3,0080 - $213.57
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Why 7% below Kyoto’s “1990 levels” is no more than
3% below the President’s proposal: a calculation

~ This paper compares the carbon numbers associated with the United States
emissions commitment under the Kyoto Protocol with the commitment the
President made in his October speech. The Kyoto Protocol and the President’s
speech differ both in the emissions budget and in the emissions accounting system
that will determine the emissions that must be below the budget for compliance

with the treaty, so the targets cannot be compared directly. The most significant
differences between the two commitments arel:

(1) Under the Kyoto Protocol, each party has its choice of 19390 or 1995 as a
base year for emissions of three greenhouse gases: HFC, PFC, and SF6. The
U.S. had 13 MMTCE more emissions of these gases in 1995 than in 1990,
making the option of a 1995 base year less restrictive.

{2) Under the Kyoto Protocol, the emissions budget is based only on gross
emissions, not counting the carbon sequestered by forests in the base year
(1990), the “sinks.” The effect of this difference is to make the Kyoto
budget less strict than it would have been using the President’s assumption
that the budget would be based on net emissions.

(3) Under the Kyoto Protocol, the emissions account_ing'system includes only
certain land use changes and forestry activities in its calculation of sinks,
rather than the carbon activity in all U.S. forests. The effect of this provision

relative to the President’s plan depends on the methodology developed to
account for sinks under the Kyoto agreement. 2

The quto Protocol

(A) The Kyoto Target

Emissions budget = 5 years x (1990 Emissions of CO2, CH4, N20 + 1995
Emissions of HFC, PFC, and SF6) x 93%




#INkTTO3WP e PEGED]

1990 Emissions of CO2, CH4, N20 = 1559 MMTCE
1995 Emissions of HFC, PFC, and SF6 = 37 MMTCE
Total baseline emissions = 1596 MMTCE

Kyoto Emissions Budget, total for first budget period = 5 years x (1596) x 93%

= 7421 MMTCE
Annual Average Budget in 2008-2012 = 1484
MMTCE

(B) The Kyoto Accounting System

2008-2012 emissions = [Total emissions of CO2, CH4, N20, HFC, PFC, SF6]
- [net changes of carbon stocks “from direct human-induced
land-use change and forestry activities, limited to afforestation,
reforestation, and deforestation since 1990, measured as
verifiable changes in stocks in each commitment period” ]

The President’s Announcement

(A) The President’s October Target

Under the President’s October plan, the emissions target for the United States
would be written:

Emissions Budget = 5 years x [(1990 Emissions of CO2, CH4, N20 and HFC,
PFC, and SF6) - (net changes carbon stocks from all forests, including forest
soils]

Note that the budget equation includes sinks, which all else equal makes the budget
tighter for the United States, which experienced positive sequestration in forests in

1990.

1990 Emissions of C0O2, CH4, N20 = 1559 MMTCE
1990 Emissions of HFC, PFC, and SF6 = 24 MMTCE
Carbon activity in forests (sequestration) = -282 MMTCE
Net emissions = 1301 MMTCE

President’s Plan Emissions Budget = 5 years x (1301) = 6505 MMTCE

Annual Average Budget in 2008-2012 = 1301
MMTCE




(B) The President’s October Accounting System

2008-2012 Emissions Calculation = [Total emissions of CO2, CH4, N20, HFC,
PFC, SF6 2] - [net changes of carbon stocks from all U.S. forests]

Comparison: How much lower is the Kyoto target than the President’s
plan?

Recall that the two plans entail different accounting systems for the emissions that
must be within budget, so the budgets of the two commitments (1484 and 1301)
are not directly comparable.

The Kyoto commitment:

[Total emissions of all six gases] - [net changes of carbon stocks from certain
activities ] < 1484

Since the sink accounting system under the Kyoto Protocol is not yet
determined, we must make an assumption about the net changes of carbon
stocks from the activities specified in the treaty. The U.S. has said that the
accounting system for carbon sinks will not increase the emissions
calculation under the Protocol, and may in fact offset our emissions. If we
assume that sinks are zero, that is they neither offset U.S. emissions nor
contribute to them, then the Kyoto commitment is:

[Total emissions of all six gases] - 0 < 1484

President’s plan:

[Total emissions of all six gases] - [net changes of carbon stocks from all
U.S. forests] < 1301

The change in carbon stocks from all U.S. forests in 2010 is estimated by
USDA and EPA to be about 227 MMTCE. If that figure is about average for
the budget period, the President’s commitment would be equivalent to:

[Total emissions of all six gases] - 227 < 1301, or equivalently,

[Total emissions of all six gases] < 1528 (the total of the budget plus
offsets by sinks)
Then the comparison question is: how much lower is 1484 than 15382
Algebraically, the percentage difference, x, can be expressed: 1484 = (1-x)1538
=> x =1-1484/1538 = .03
=> 1484 is 3% below 1538.

What if accounting for sinks under the Protocol offsets our emissions, as we expect



they may do? Then the total emissions of all six gases can be higher than 1484 by
the amount of carbon sequestered in the eligible land use activities. That makes
the Kyoto Protocol even less than 3% more stringent than the President’s plan.
Conclusion: The Kyoto agreement is no more than 3% more stringent than the
Presidents plan.







Trends in Energy-Related Carbon Dioxide Emissions

To assess the implications of Kyoto on global greenhouse gas emissions, we had to make
two simplifying assumptions because of data limitations. First, we assumed that energy-
related carbon dioxide emissions could serve as an adequate proxy for greenhouse gas
emissions (in the U.S., energy-related carbon dioxide emissions are more than 97% of all
carbon dioxide emissions). Second, we assumed that Annex I countries will reduce their
energy-related carbon dioxide emissions by the percentage cuts stipulated in Annex B of
the Kyoto Protocol (in effect, we ignore any opportunities for what flexibility).

Chart 1 illustrates the trend in world emissions under BAU and under two scenarios of
Annex I emissions reductions. One scenario assumes no trading of emissions rights,
which has lower total Annex I emissions because countries with paper tons would not be
able to sell their excess rights. The other scenario assumes trading of emissions rights, so
total Annex [ emissions are higher. '

In 2010, both Kyoto scenarios have emissions slightly below 2005 BAU and a little more
than 10% below global 2010 BAU. Because of the substantial growth in non-Annex I
emissions, global emissions in 2010 under both Kyoto scenarios are approximately 30%
above the global 1990 level.

Charts 2 and 3 illustrate the breakdown of emissions between Annex I and non-Annex I.
Without international trading, non-Annex I emissions will surpass Annex I emissions in
2010. With international trading, non-Annex [ emissions are slightly lower than Annex I

emissions, but would likely pass Annex [ emissions by the end of the first commitment
period.

Chart 1: Trend in Global Energy-Related CO2 Emissions

9,500 [
9,000 N
8,500 I
8,000

7,500 [
7,000 I
6,500 I

6,000

Energy-Related Carbon Dioxlde Emissions (MMTC)

5,500 — ' : :
1990 1995 2000 2005 2010

Year

BAU Kyoto -- No Trading Kyoto -- Trading
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Chart 2: Trend in Energy-Related CO2 Emissions Assuming Annex | Trading
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Chart 3: Trend in Energy-Related CO2 Emissions Assuming No Annex | Trading
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The Structure of the Kyoto Protocol:
- US Efforts Needed to Meet Commitments

In October 1997, President Clinton proposed to return greenhouse gas net emissions to 1990
Tevels in 2008-2012. This target was premised on the long-standing US position of - - :
comprehensive coverage of all greenhouse gases (CO2, CH4, N20, PFCs, HFCs, and SF6)-and -
all sectors (including land use and forestry systems). Although cornprehensweness increased the
tonnes of US reductions required to meet a given numerical target, we have pushed for it because -
it provides greater cost-effectiveness and increases the industrial support for the. agreement, The
EU or Japanese wanted to exclude the synthetic gases and land use and forestry, miaking their .
targets several percentage pomts eas_ler” to achieve than if their proposals had been
comprehenswe ' : S R

The Kyoto Protocol 3551gns the US a 7% reduchon below base period emissions. The U S
* "accepted changes in calculation of the obligation for synthetic gases, forests and land use change
that allowed the US to deepen its numerical target for the same level of effort. These changes
sxmultaneously mcreased the level of effort requued by the EU and Japan

The U.S. also agreed to increase the suength of its obhgatlon. The total of the accounting:
changes and increased strength result in the change of target to 7% below base period levels.
- Despite the accounting changes, the U.S. gained virtually comprehenswe coverage during the
_cormmtment period of 2008 to 2012. .

o
Synthetic Gases (HFC/PFC/SF6)_, £.%7" ?,,w

The President’s proposal’ mcluded the rapidly growing synthetic gases, using a base year of 1990.

‘The US won inclusion of these gases, and accepted a 1995 base year for calculation of the
commitment. The recalculation of base period emissions allowed the U.S. to adjust downward

its ‘numerical target by roughly 13 MMTCE, the'amount by which the syntheuc greenhouse gases ]
grew between 1990 and 1995 (about 1% of the U.S. commitment). For the EU and Japan, which

had not counted synthetxc gases in their proposals the broader coverage made theu' targets more o
:.dlﬂicult_ o o : o - S v

Exclusion Of ForeSt_ an'd'Land Use Change' 'Category.

-Forest carbon sequestratxon isa large but: dechnmg offset to US emissions. U S esthates

using 1996 IPCC guidelines adopted by the Parties, indicate that US forest carbon sequestration
1S expected to declme by 55 MMTCE between 1990 and 2010.! Unlike emissions from energy
use, emissions or removals in the base period cannot be continued mdeﬁmtely, emissions decline
Wand is exhausted and removals decline as forest systems mature. Therefore,

" The US Climate Action Report estimated that US forest sinks would decline by 16 MMTCE. This
estimate was updated to include soil carbon, to conform with the 1996 I[PCC °u1delmes and the U.S. goal of
comprehensive coverage.



including this sector in calculation of the GHG obligation penalizes those Parties with net
removals in the base period and rewards Parties with net emissions. The Kyoto Protocol
therefore, as standard practice, excludes LUCF from the base period emissions on which the
GHG obligation is based, eliminating the “penalty” in the President’s proposed target of 55
MMTCE of carbon (slightly more than 3% of our overall commitment). It had no effect on the
EU or Japan, which had excluded the category from their ta.rget proposals.

-

In addition, the U.S. gained crediting of spec1ﬁc forest activities, limited to: aﬁ'orestanon,

reforestation, and deforestatlon since 1990. While the U.S. was initially opposed to this approach .

due to its inherent accounting’ uncertainty, we believe that these credits may further reduce the
level of effort needed for a given target by a significant but as yet unquantlﬁed amount.

Addmonal Reductlons .

The US accepted an add1t1onal -3 percentage points of real effort in order to get agreement with
the European Union, Japan, and the G-77. The U.S. reached a target 7% below the base period
emissions by combining the two changes in calculation of base period emissions, which made the
President’s proposal equivalent to -1 percentage points for synthetic gases plus -3 percentage
points for forests and land use change with the -3 percentage points of addmonal reductlons
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The Parties to this Protocol,

Being Parties to the United Nations Framework convention on Climate Change,
hereinafter referred to as "the Convention”,

In pursuit of the ultimate objective of the Convention as stated in its Article 2,
Recalling the provisions of the Convention,
Being guided by Article 3 of the Convention,

Pursuant to the Berlin Mandate adopted by decision 1/CP.1 of the Conference
of the Parties to the Convention at its first session,

Have agreed as follows:
Article 1

For the purposes of this Protocol, the definitions contained in Article 1 of the
convention shall apply. In addition:

1. "Conference of the Parties” means the Conference of the Parties to the
Convention. .

2. "Convention" means the United Nations Framework Convention on Climate
Change, adopted in New York on 9 May 1992.

3. "Intergovernmental Panel on Climate Change" means the Intergovernmental
Panel on Climate Change established in 1988 jointly by the World
Meteorological Organization and the United Nations Environment Programme.




4. "Montreal Protocol” means the Montreal Protocol on Substances that
Deplete the Ozone Layer, adopted in Montreal on 16 September 1987 and as
subsequently adjusted and amended.

S. "Parties present and voting” means Parties present and casting an
affirmative or negative vote.

6. "Party" means, unless the context otherwise indicates, a Party to this
Protocol.

7. "Party included in Annex I" means a Party included in Annex I to the
Convention, as may be amended, or a Party which has made a notification
under Article 4, paragraph 2(g), of the Convention.

Article 2

1. Each Party included in Annex I in achieving its quantified emission limitation
and reduction commitments under Article 3, in order to promote sustainable
development, shall:

(a) Implement and/or further elaborate policies and measures in accordance
with its national circumstances, such as:

(1) Enhancement of energy efficiency in relevant sectors of the national
economy,

(ii) Protection and enhancement of sinks and reservoirs of greenhouse gases
not controlled by the Montreal Protocol, taking into account its commitments
under relevant international environmental agreements; promotion of
sustainable forest management practices, afforestation and reforestation;,

(iii) Promotion of sustainable forms of agriculture in light of climate change
considerations; '

(iv) Promotion, research, development and increased use of new and renewable
forms of energy, of carbon dioxide-sequestration technologies and of advanced
and innovative environmentally sound technologies;

(v) Progressive reduction or phasing out of market imperfections, fiscal
incentives, tax and duty exemptions and subsidies in all greenhouse gas
emitting sectors that run counter to the objective of the Convention and apply
market instruments;

(vi) Encouragement of appropriate reforms in relevant sectors aumed at

promoting policies and measures which limit or reduce emissions of
greenhouse gases not controlled by the Montreal Protocol,

(vii) Measures to limit and/or reduce emissions of greenhouse gases not
controlled by the Montreal Protocol in the transport sector;

(viii) Limitation and/or reduction of methane through recovery and use in waste
management, as well as in the production, transport and distribution of energy;

(b) Cooperate with other such Parties to enhance the individual and combined
effectiveness of their policies and measures adopted under this Article,
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pursuant to Article 4, paragraph 2(e)(i), of the Convention. To this end, these
Parties shall take steps to share their experience and exchange information on
such policies and measures, including developing ways of improving their
comparability, transparency and effectiveness. The Conference of the Parties
serving as the meeting of the Parties to this Protocol shall, at its first session
or as soon as practicable thereafter, consider ways to facilitate such
cooperation, taking into account all relevant information.

2. The Parties included in Annex I shall pursue limitation or reduction of
emissions of greenhouse gases not controlled by the Montreal Protocol from

aviation and marine bunker fuels, working through the International Civil Aviation

Organization and the International Maritime Organization, respectively.

3. The Parties included in Annex I shall strive to implement policies and
measures under this Article in such a way as to minimize adverse effects,
including the adverse effects of climate change, effects on international trade,
and social, environmental and economic impacts on other Parties, especially
developing country Parties and in particular those identified in Article 4,
paragraphs 8 and 9 of the Convention, taking into account Article 3 of the
Convention. The Conference of the Parties serving as the meeting of the Parties
to this Protocol may take further action, as appropriate, to promote the
implementation of the provisions of this paragraph.

4. The Conference of the Parties serving as the meeting of the Parties to this
Protocol, if it decides that it would be beneficial to coordinate any of the
policies and measures in paragraph 1(a) above, taking into account different
national circumstances and potential effects, shall consider ways and means
to elaborate the coordination of such policies and measures.

Article 3

1. The Parties included in Annex I shall, individually or jointly, ensure that their
aggregate anthropogenic carbon dioxide equivalent emissions of the
greenhouse gases listed in Annex A do not exceed their assigned amounts,
calculated pursuant tO their quantified emission limitation and reduction
commitments inscribed in Annex B and in accordance with the provisions of
this Article, with a view to reducing their overall emissions of such gases by six
per cent below 1990 levels in the commitment period 2008 to 2012.

2. Each Party included in Annex I shall, by 2005, have made demonstrable
progress in achieving its commitments under this Protocol.

3. The net changes in greenhouse gas emissions from sources and removals

by sinks resulting from direct human-induced land-use change and forestry
activities, limited to afforestation, reforestation, and deforestation s_ig:g_@g,
measured as verifiable changes in stocks in each commitment period shall be—
used to meet the commitments in this Article of each Party included in Annex

1. The greenhouse gas emissions from sources and removals by sinks
associated with those activities shall be reported in a transparent and verifiable
manner and reviewed in accordance with Articles 7 and 8.

4. Prior to the first session of the Conference of the Parties serving as the
meeting of the Parties to this Protocol, each Party included in Annex I shall
provide for consideration by the Subsidiary Body for Scientific and
Technological Advice data to establish its level of carbon stocks in 1990 and to
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enable an estimate to be made of its changes in carbon stocks in subsequent 1
years. The Conference of the Parties serving as the meeting of the Parties to
this Protocol shall, at its first session or as soon as practicable thereafter,
decide upon modalities, rules and guidelines as to how and which additional
human-induced activities related to changes in greenhouse gas emissions and
removals in the agricultural soil and land-use change and forestry categores,
shall be added to, or subtracted from, the assigned amount for Parties included
in Annex I, taking into account uncertainties, transparency in reporting,
verifiability, the methodological work of the Intergovernmental Panel on Climate
Change, the advice provided by the Subsidiary Body for Scientific and
Technological Advice in accordance with Article 5 and the decisions of the
Conference of the Parties. Such a decision shail apply in the second and
subsequent commitment periods.

5. The Parties included in Annex I undergoing the process of transition to a
market economy whose base year or period was established pursuant to
decision 9/CP.2 of the Conference of the Parties at its second session, shall
use that base year or period for the implementation of their commitments under
this Article. Any other Party included in Annex I undergoing the process of
transition to a market economy which has not yet submitted its first national
communication under Article 12 of the Convention may also notify the
Conference of the Parties serving as the meeting of the Parties to this Protocol
that it intends to use a historical base year or period other than 1990 for the
implementation of its commitments under this Article. The Conference of the
Parties serving as the meeting of the Parties to this Protocol shall decide on
the acceptance of such notification.

6. Taking into account Article 4, paragraph 6, of the Convention, in the
implementation of their commitments under this Protocol other than those in
this Article, a certain degree of flexibility shall be allowed by the Conference of
the Parties serving as the meeting of the Parties to this Protocol to the Parties
included in Annex I undergoing the process of transition to a market economy.

7. In the first quantified emission limitation and reduction commitment period,
from 2008 to 2012, the assigned amount foreachrParty-included it Annex I
shall be equal to the percentage inscribed for it in Annex B of its aggregate
anthropogenic carbon dioxide equivalent emissions of the greenhouse gases
listed in Annex A in 1990, or the base year or period determined in accordance
with paragraph 5 above, multiplied by five.

8. Any Party included in Annex I may use 1995 as its base year for
hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride, for the purposes
of the calculation referred to in paragraph 7 above.

9. Commitments for subsequent periods for Parties included in Annex I shall be
established in amendments to Annex B to this Protocol, which shall be

adopted in accordance with the provisions of Article 21. The Conference of the
Parties serving as the meeting of the Parties to this Protocol shall initiate the
consideration of such commitments at least seven years before the end of the
first commitment period mentioned in paragraph 7 above.

10. For the purpose of meeting its commitments under this Article, any Party
included in Annex I may participate in emissions trading. The Conference of the
Parties shall define the relevant rules and gpideli?csfc? verification, reporting
and accountability. Such trading shall be supplemental to domestic actions for
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the purpose of meeting its commitments.

11. Any part of an assigned amount, or any emission reduction units, which a
Party acquires from another Party in accordance with the provisions of
paragraph 10 above or Article 6 shall be added to the assigned amount for that

Party.

12. Any part of an assigned amount, or any emission reduction units, which a
Party transfers to another Party in accordance with the provisions of paragraph
10 above or Article 6 shall be subtracted from the assigned amount for that

Party.

13. Any certified emission reductions which a Party acquires from another
Party in accordance with the provisions of Article 13 shall be added to the
assigned amount for that Party.

14. If the emissions of a Party included in Annex I during a commitment period
are less than its assigned amount under this Article, this difference shall, on
request of that Party, be added to the assigned amount for that Party for
subsequent commitment periods.

15. Each Party included in Annex I shall strive to implement the commitments
mentioned in paragraph 1 above in such a way as to minimize adverse social,
environment and economic impacts on developing country Parties, particularly
those identified in Article 4, paragraphs 8 and 9, of the Convention. In line with
relevant decisions of the Conference of the Parties on the implementation of
those paragraphs, the Conference of the Parties serving as the meeting of the
Parties to this Protocol shall, at its first session, consider what actions are
necessary to minimize the adverse effects of climate change and/or the
impacts of response measures on Parties referred to in those paragraphs.
Among the issues to be considered shall be the establishment of funding,
insurance and transfer of technology.

Article 4

1. Any Parties included in Annex I that have agreed to jointly fulfil their
commitments under Article 3 shall be deemed to have met those Sommitments
provided that their total combined aggregate anthropogenic carbon dioxide
equivalent emissions of the greenhouse gases listed in Annex A do not exceed
their assigned amounts calculated pursuant to their quantified emission
limitation and reduction commitments inscribed in Annex B and in accordance
with the provisions of Article 3. The respective emission level allocated to each
of the Parties to the agreement shall be set out in that agreement.

2. The Parties to any such agreement shall notify the secretariat of the terms
of the agreement on the date of deposit of their instruments of ratification,
acceptance, approval or accession. The secretariat shall in turn inform the
Parties and signatories to the Convention of the terms of the agreement.

3. The agreement shall remain in operation for the duration of the commitment
period specified in Article 3, paragraph 7.

4. If Parties acting jointly do so in the framework of, and together with, a
regional economic integration organization, any alteration in the composition of
the organization after adoption of this Protocol shall not affect existing

roy EU\ 1



commitments under this Protocol. Any alteration in the composition of the
organization shall only apply for the purpose of those commitments under
Article 3 that are adopted subsequent to that revision.

5. In the event of failure by the Parties to such an agreement to achieve their
total combined level of emission reductions, each Party to such an agreement
shall be responsible for its own level of emissions set out in the agreement.

6. If Parties acting jointly do so in the framework of, and together with, a
regional economic integration organization which is itself a Party to this
Protocol, each member State of that regional economic integration organization
individually, and together with the regional economic integration organization
acting in accordance with Article 24, shall, in the event of failure to achieve the

. total combined level of emission reductions, be responsible for its level of

emissions as notified in accordance with this Article.
Article 5

1. Each Party included in Annex I shall have in place, no later than one year
prior to the start of the first commitment period, a national system for the
estimation of anthropogenic emissions by sources and removals by sinks of all
greenhouse gases not controlled by the Montreal Protocol. Guidelines for such
national systems, which shall incorporate the methodologies specified in
paragraph 2 below, shall be decided upon by the Conference of the Parties
serving as the meeting of the Parties to his Protocol at is first session.

2. Methodologies for estimating anthropologic emissions by sources and
removals by sinks of all greenhouse gases not controlled by the Montreal
Protocol shall be those be those accepted by the Intergovernmental Panel on
Climate Change and agreed upon by the Conference of the Parties at its third
session. Where such methodologies are not used, appropriate adjustments
shall be applied according to methodologies agreed upon by the Conference of
the Parties serving as the meeting of the Parties to this Protocol at its first
session. Based on the work of, inter alia, the Intergovernmental Panel on
Climate Change and advice provided by the Subsidiary Body for Scientific and
Technological Advice, the Conference of the Parties serving as the meeting of
the parties to this Protocol shall regularly review and, as appropriate, revise
such methodologies and adjustments, taking fully into account any relevant
decisions by the Conference of the Parties. Any revision to methodologies or
adjustments shall be used only for the purposes of ascertaining compliance
with commitments under Article 3 in respect of any commitment period
adopted subsequent to that revision

3. The global warming potentials used to caiculate the carbon dioxide
equivalence of anthropogenic emissions by sources and remiovals by sinks of
greenhouse gases not controlled by the Montreal Protocol listed in Annex A
shall be those accepted by the Intergovernmental Panel on Climate Change
and agreed up(ﬁ%&_memm third session. Based
on the work of, inter alia, the Intergovernmental Panel on Climate Change and
advice provided by the Subsidiary Body for Scientific and Technological Advice,
the Conference of the Parties serving as the meeting of the Parties to this
Protocol shall regularly review and, as appropriate, revise the global warming
potential of each greenhouse gas, taking fully into account any relevant
decisions by the Conference of the Parties. Any revision to a global warming
potential shall apply only to those commitments under Article 3 in respect of
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any commitment period adopted subsequent to that revision.
Article 6

1. For the purpose of meeting its commitments under Article 3, any Party
included in Annex I may transfer to, or acquire from, any other such Party
emission reduction unitSTesulting from projects amed at reducing
anthropogenic emissions by so or enhancing anthropogenic removals by sinks
of greenhouse gases in any sector of the economy, provided that:

(a) Any such project has the approval of the Parties involved,

(b) Any such project provides a reduction in emissions by sources, or an
enhancement of removals by sinks, that is Mal to any that would
otherwise occur; T

(d) The acquisition of omission reduction units shall be supplemental to
domestic actions for the purposes of meeting commitments under Article 3.

2. The Conference of the Parties serving as the meeting of the Parties to thus
Protocol may, at its first session or as soon as practicable thereafter, further
elaborate guidelines for the implementation of this Article for verification and
reporting.

3. A Party included in Annex I may authorize legal entities to participate, under
its responsibility, in actions leading to the generation, transfer or acquisition of
this Article of emission reduction units.

4. If a question of implementation by a Party included in Annex I of the
requirements referred to in this paragraph is identified in accordance with the
relevant provisions of Article 8, transfers and acquisitions of emission reduction
units may continue to be made after the question has been identified, provided
that any such units may not be used by a Party to meet its commitments

under Article 3 until any issue of compliance is resolved.

Article 7

1. Each Party included in Annex I shall incorporate in its annual inventory of
anthropogenic emissions by sources and removals by sinks of greenhouse

gases not controlled by the Montreal Protocol, submitted in accordance with

the relevant decisions of the Conference of the Parties, the necessary
supplementary information for the purposes of ensuring compliance with Article
3, to be determined in accordance with paragraph 4 below.

2. Each Party included in Annex [ shall incorporate in its national
communication, submitted under Article 12 of the Convention, the
supplementary information necessary to demonstrate compliance with its
commitments under this Protocol, to be determined in accordance with
paragraph 4 below.

3. Each Party included in Annex [ shall submit the information required under
paragraph [ above annually, beginning with the first inventory due under the



Convention for the first year of the commitment pericd after this Protocol has
entered into force for it. Each such Party shall submit the information required
under paragraph 2 above as part of the first national communication due under
the Convention after this Protocol has entered into force for it and after the
adoption of guidelines as provided for in paragraph 4 below. The frequency of
subsequent submission of information required under this Article shall be
determined by the Conference of the Parties serving as the meeting of the
Parties to this Protocol, taking into account any timetable for the submission of
national communications decided upon by the Conference of the Parties.

4. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall adopt at its first session, and review periodically thereafter,
guidelines for the preparation of the information required under this Article,
taking into account guidelines for the preparation of national communications
by Parties included in Annex I adopted by the Conference of the Parties. The
Conference of the Parties serving as the meeting of the Parties to this Protocol
shall also, prior to the first commitment period, decide upon modalities for the
accounting of assigned amounts.

Article 8

1. The information submitted under Article 7 by each Party included in Annex I
shall be reviewed by expert review teams pursuant to the relevant decisions of
the Conference of the Parties serving as the meeting of the Parties to this
Protocol under paragraph 4 below. The information submitted under Article 7,
paragraph 1, by each Party included in Annex [ shall be reviewed as part of the
annual compilation and accounting of emissions inventories and assigned
amounts. Additionally, the information submitted under Article 7, paragraph 2,
by each Party included in Annex I shall be reviewed as part of the review of
communications.

2. Expert review teams shall be coordinated by the secretariat and shall be
composed of experts selected from those nominated by Parties to the
Convention and, as appropriate, by intergovernmental organizations, in
accordance with guidance provided for this purpose by the Conference of the
Parties. —

3. The review process shall provide a thorough and comprehensive technical
assessment of all aspects of the implementation by a Party of this protocol.

The expert review teams shall prepare a report to the Conference of the Parties
serving as the meeting of the Parties to this Protocol, assessing the
implementation of the commitments of the Party and identifying any potential
problems in, and factors influencing, the fulfilment of commitments. Such
reports shall be circulated by the secretariat to all Parties to the Convention.
The secretariat shall list those questions of implementation indicated in such
reports for further consideration by the Conference of the Parties serving as the
meeting of the Parties to this Protocol.

4. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall adopt at its first session, and review periodically thereafter,
guidelines for the review of implementation by expert review teams taking into
account the relevant decisions of the Conference of the Parties.

5. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall, with the assistance of the Subsidiary Body for Implementation



and, as appropriate, the Subsidiary Body for Scientific and Technological
Advice, consider:

(a) The information submitted by the Parties under Article 7 and the reports of
the expert reviews thereon conducted under this Article; and

(b) Those questions of implementation listed by the secretariat under paragraph
3 above, a well as any questions raised by Parties.

6. Pursuant to its consideration of the information referred to in paragraph 5
above, the Conference of the Parties serving as the meeting of the Parties to
this Protocol shall take decisions on any matter required for the
implementation of this Protocol.

( Article 9

0 ( 1. Any signatory or Party to this Protocol not included in Annex I may, at any
\ f time, notily the Deposttary that it has opted to be bound by this Article. The
(Av . Depositary shall inform the other signatories and Parties of any such
\N\ AR\ o notification.
Q‘) M 2. Such notification, supported by an inventory of emissions of greenhouse

gases not controlled by the Montreal Protocol, including for the historical base
\0\‘( 1 year or period chosen under subparagraph (a) below, and a projection of future

emissions, shall include a formal declaration on the following points:

(a) Its chosen historical base year or period for the implementation of

subparagraph (b) below; amd—
apnd)

(b) The level of limitation or reduction of anthropogenic emissions of
greenhouse gases listed i ArmexA, as a basket, it is ready to undertake.

3. Where a notification has been made pursuant to paragraphs 1 and 2 above,
the secretariat shall include it in the agenda for the following session of the
Conference of the Parties serving as the meeting of the Parties to this Protocol
which shall decide on the acceptance of such notification.

4. After its acceptance by the Conference of the Parties serving as the meeting
of the Parties to this Protocol, a notification by a signatory shall enter into force
on the date of entry into force of this Protocol for that State, and a notification
by a Party to this Protocol shall enter into force on the ninetieth day after the

. acceptance of such notification. The commitment under paragraph 2(b) above
of Parties acting under this Article shall be inscribed in Annex B.

Article 10

1. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall periodically review this Protocol in the light of the best available
scientific information and assessments on climate change and its impacts, as
well as relevant technical, social and economic information. Such reviews shall
be coordinated with pertinent reviews under the Convention, in particular those
required by Article 4, paragraph 2(d), and Article 7, paragraph 2(a), of the
Convention. Based on these reviews, the Conference of the Parties serving as
the meeting of the Parties to this Protocol shall take appropriate action.
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2. The first review shall take place at the second session of the Conference of
the Parties serving as the meeting of the Parties to this Protocol. Further
reviews shall take place at regular intervals and in a timely manner.

Article 11

All Parties, taking into account their common but differentiated responsibilities
and their specific national and regional development priorities, objectives and
circumstances, without introducing any new commitments for Parties not
included in Annex I, but reaffirming existing commitments in Article 4,
paragraph 1, of the Convention, and continuing to advance the implementation
of these commitments in order to achieve sustainable development, taking into
account Article 4, paragraphs 3, 5 and 7, of the Convention, shall:

(a) Formulate, where relevant and to the extent possible, cost-effective national,
and where appropriate regional programmes to improve the quality of local

[ emission factors, activity data and/or models which reflect the socio-economic

' conditions of each Party for the preparation and periodic updating of national
inventories of anthropogenic emissions by sources and removals by sinks of all
greenhouse gases not controlled by the Montreal Protocol, using comparable
methodologies to be agreed upon by the Conference of the Parties, and
consistent with the guidelines for national communications adopted by the

( Conference of the Parties;
Lalines Alternative A
d
\L Al U VS { (b) Formulate, implement, publish and regularly update national and, where
appropriate, regional programmes containing measures to mitigate climate
) change and measures to facilitate adequate adaptation to climate change,

| (i) The programmes containing measures shall, inter alia, and to the extent

| possible and relevant, remove obstacles to the limitation or the abatement of

\ increase of anthropogenic emissions by sources and to the enhancement of

removals by sinks, enhance energy efficiency, emphasize market-oriented

pricing, as appropriate encourage reforms in the energy sector and regulatory

regimes, increase the use of renewable energy, make improvements in the

transport and industrial sectors, promote the development and sustainable

/ management of greenhouse gas sinks and reservoirs, improve the integration of

" climate change considerations into the agriculture and waste management
sectors, promote voluntary arrangements with industry, and generally take
actions to address climate change that, in the context of their national
priorities, objectives and circumstances, are economically justified and can
help address other environmental problems; and

(i1) The programmes containing meastres shall, inter alia, and to the extent
possible and relevant, deploy adaptation technologies and know-how, develop
and implement integrated mountain area plans, develop and implement
integrated coastal zone management plans, develop research on impacts of,
and adaptation to, climate change, develop and implement related technical
capacity building and awareness raising measures promote sustainable
management plans for the conservation and enhancement of sinks and
reservoirs and ecosystems and develop and implement plans for water
resources and agriculture, particularly for countries affected by drought and
desertification;



Alternative B

(b) Each developed country Party and each other developed Party included in
Annex II to the Convention shall incorporate into its national programmes the
quantified emission limitation and reduction objectives and related policies and
measures under this Protocol, including details of measures undertaken by
them to promote, facilitate and finance transfer of technology, provide new and
additional financial resources and assist in meeting costs of adaptation in
developing countries. Each developing country Party shall seek to include in its
national communication, as appropriate, information on programmes which
contain measures that the Party believes contribute to addressing clirate
change and its adverse impacts, including the abatement of increase in
greenhouse gas emissions, and enhancement of and removals by sinks,
capacity building and adaptation measures;,

(c) Cooperate in the promotion of effective modalities for the development,
application and diffusion of, and take all practicable steps to promote, facilitate
and finance, as appropriate, the transfer of, or access to, environmentally

sound technologies, know-how, practices and processes pertinent to climate
change, in particular to developing countries, including the formulation of
policies and programmes for the effective transfer of environmentally sound
technologies that are publicly owned or in the public domain and the creation of
an enabling environment for the private sector, to promote and enhance access
to, and transfer of, environmentally sound technologies;

(d) Cooperate in scientific and technical research and promote the
maintenance and the development of systematic observation systems and
development of data archives to reduce uncertainties related to the climate
system, the adverse impacts of climate change and the economic and social
consequences of various response strategies, and promote the development
and strengthening of endogenous capacities and capabilities to participate in
international and intergovernmental efforts, programmes and networks on
research and systematic observation, taking into account Article 5 of the
Convention;

(c) Cooperate in and promote at the international level, and, where appropriate,
using existing bodies, the development and implementation of education and
training programmes, including the strengthening of national capacity building,
in particular human and institutional capacities and the exchange or
secondment of personnel to train experts in this field, in particular for
developing countries, and facilitate at the national level public awareness and
public access to information on climate change. Suitable modalities should be
developed to implement these activities through the relevant bodies of the
Convention taking into account Article 6 of the Convention;

() Include in their national communications information on programmes and
activities undertaken pursuant to this Article in accordance with relevant

decisions of the Conference of the Parties; and

(g) Give full consideration, in implementing the commitments in this Article, to
Article 4, paragraph 8, of the Convention.

Article 12

1. In the implementation of Article 11, Parties shall take into account the
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provisions of Article 4, paragraphs 4, 5, 7, 8 and 9 of the Convention.

2. In the context of the implementation of Article 4, paragraph 1, of the
Convention, in accordance with the provisions of Article 4, paragraph 3, and
Article 11 of the Convention, and through the operating entity or entities of the
financial mechanism of the Convention, the developed country Parties and
other developed Parties included in Annex II to the Convention shall:

(a) Provide new and additional financial resources to meet the agreed full costs
mcum'd‘brdéﬁlﬁp—mg COuntry Parties in advancing the implementation of
existing commitments under Article 4, paragraph 1(a), of the Convention that
are covered in Article 11, subparagraph (a); and

(b) Also provide such financial resources, including for the transfer of
technology, needed by the developing country Parties to meet the agreed full
incremental costs of advancing the implementation of existing commitments in
Article 4, paragraph 1, of the Convention that are covered by Article 11 and that
are agreed between a developing country Party and the international entity or
entities referred to in Article 11 of the Convention, in accordance with that
Article.

The implementation of these existing commitments shall take into account the
need for adequacy and predictability in the flow of funds and the importance of
appropriate burden sharing among developed country Parties. The guidance to
the financial mechanism of the Convention in relevant decisions of the
Conference of the Parties, including those agreed before the adoption of this
Protocol, shall apply mutatis mutandis to the provisions of this paragraph.

3. The developed country Parties and other developed Parties in Annex II to the
Convention may also provide, and developing country Parties avail themselves
of, financial resources for the implementation of Article 11, through bilateral,
regional and other multilateral channels.

Article 13

1. A clean development mechanism is hereby defined.

2. The purpose of the clean development mechanism shall be to assist Parties
not included in Annex I in achieving sustainable development and in
contributing to the ultimate objective of the Convention, and to assist Parties
included in Annex I in achieving compliance with their quantified emission
limitation and reduction commitments under Article 3.

3. Under the clean development mechanism:

(a) Parties not included in Annex I will benefit from project activities resulting in
certified emission reductions; and

(b) Paties included in Annex [ may use the certified emission reductions
accruing from such project activities to contribute to compliance with part of
their quantified emission limitation and reduction commitments under Article 3,

as determined by the Conference of the Parties serving as the meeting of the
Parties to this Protocol.

4. The clean development mechanism shall be subject to the authority and



guidance of the Conference of the Parties serving as the meeting of the Parties
to this Protocol and be supervised by an executive board of the Parties.

5. Emission reductions resulting from each project activity shall be certified by
operational entities to be designated by the Conference of the Parties serving
as the meeting of the Parties to this Protocol, on the basis of:

(a) Voluntary participation approved by each Party involved,

(b) Real, measurable, and long-term benefits related to the mitigation of climate
change; and

(c) Reductions in emissions that are additional to any that would occur in the
absence of the certified project activity.

6. The clean development mechanism shall assist in arranging funding of
certified project activities as necessary.

7. The Conference of Parties serving as the meeting of the Parties to this
Protocol shall, at its first session, elaborate modalities and procedures with the
objective of ensuring transparency, efficiency and accountability through
independent auditing and verification of project activities.

8. A share of the proceeds from certified project activities shall be used to
cover administrative expenses as well as assist developing country Parties that
are particularly vulnerable to the adverse effects of climate change to meet the
costs of adaptation.

9. Participation under the clean development mechanism, including in activities
mentioned in paragraph 3(a) above and acquisition of certified emission
reductions, may involve private and/or public entities, and is to be subject to
whatever guidance may be provided by the executive board of the clean
development mechanism.

~10. Certified emission reductions obtained during the period from the year 2000
up to the beginning of the first commitment period can be used to assist in
achieving compliance in the first commitment period.

Article 14

1. The Conference of the Parties, the supreme body of the Convention, shall
Serve as the meeting of the Parties to this Protocol.

2. Parties to the Convention that are not Parties to this Protocol may
participate as observers in the proceedings of any session of the Conference of
the Parties serving as the meeting of the Parties to this Protocol. When the
Conference of the Parties serves as the meeting of the Parties to this Protocol,
decisions under this Protocol shall be taken only by those that are Parties to

it.

3. When the Conference of the Parties serves as the meeting of the Parties to
this Protocol, any member of the Bureau of the Conference of the Parties
representing a Party to the Convention but, at that time, not a Party to this
Protocol, shall be substituted by an additional member to be elected by and
from amongst the Parties to this Protocol.



4. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall keep under regular review the implementation of this Protocol
and shall make, within its mandate, the decisions necessary to promote its
effective implementation. It shall perform the functions assigned to it by this
Protocol and shall:

(a) Assess, on the basis of all information made available to it in accordance
with the provisions of this Protocol, the implementation of this Protocol by the
Parties, the overall effects of the measures taken pursuant to this Protocol, in
particular environmental, economic and social effects as well as their
cumulative impacts and the extent to which progress towards the objective of
the Convention is being achieved;

(b) Periodically examine the obligations of the Parties under this Protocol,
giving due consideration to any reviews required by Article 4, paragraph 2(d),
and Article 7, paragraph 2, of the Convention, in the light of the objective of the
Convention, the experience gained in its implementation and the evolution of
scientific and technological knowledge, and in this respect consider and adopt
regular reports on the implementation of this Protocol;

(c) Promote and facilitate the exchange of information on measures adopted by
the Parties to address climate change and its effects, taking into account the
differing circumstances, responsibilities and capabilities of the Parties and their
respective commitments under this Protocol;

(d) Facilitate, at the request of two or more Parties, the coordination of
measures adopted by them to address climate change and its effects, taking
into account the differing circumstances, responsibilities and capabilities of the
Parties and their respective commitments under this Protocol;

(e) Promote and guide, in accordance with the objective of the Convention and
the provisions of this Protocol, and taking fully into account the relevant
decisions by the Conference of the Parties, the development and periodic
refinement of comparable methodologies for the effective implementation of this
Protocol, to be agreed on by the Conference of the Parties serving as the
meeting of the Parties to this Protocol,

(f) Make recommendations on any matters necessary for the implementation of
this Protocol;

(g) Seek to mobilize additional financial resources in accordance with Article
12, paragraph 2;

(h) Establish such subsidiary bodies as are deemed necessary for the
implementation of this Protocol,

(1) Seek and utilize, where appropriate, the services and cooperation of, and
information provided by, competent international organizations and
intergovernmental and non-governmental bodies; and

(j) Exercise such other functions as may be required for the implementation of
this Protocol, and consider any assignment resulting from a decision by the

Conference of the Parties.

S. The rules of procedure of the Conference of the Parties and financial



procedures of the Convention shall be applied mutatis mutandis under this
Protocol, except as may be otherwise decided by consensus by the
Conference of the Parties serving as the meeting of the Parties to this Protocol.

6. The first session of the Conference of the Parties serving as the meeting of
the Parties to this Protocol shall be convened by the secretanat in conjunction
with the first session of the Conference of the Parties that is scheduled after
the date of the entry into force of this Protocol. Subsequent ordinary sessions
of the Conference of the Parties serving as the meeting of the Parties to this
Protocol shall be held every year and in conjunction with ordinary sessions of
the Conference of the Parties unless otherwise decided by the Conference of
the Parties serving as the meeting of the Parties to this Protocol.

7. Extraordinary sessions of the Conference of the Parties serving as the
meeting of the Parties to this Protocol shall be held at such other times as
may be deemed necessary by the Conference of the Parties serving as the
meeting of the Parties to this Protocol, or at the written request of any Party,
provided that, within six months of the request being communicated to the
Parties by the secretariat, it is supported by at least one third of the Parties.

8. The United Nations, its specialized agencies and the International Atomic
Energy Agency, as well as any State member thereof of observers thereto not
party to the Convention, may be represented at sessions of the Conference of
the Parties serving as the meeting of the Parties to this Protocol as observers.
Any body or agency, whether national or international, governmental or
non-governmental, which is qualified in matters covered by this Protocol and
which has informed the secretariat of its wish to be represented at a session of
the Conference of the Parties serving as the meeting of the Parties to this
Protocol as an observer, may be so admitted unless at least one third of the
Parties present object. The admission and participation of observers shall be
subject to the rules of procedure, as referred to in paragraph 5 above.

Article 15

1. The secretariat established by Article 8 of the Convention shall serve as the
secretariat of this Protocol. _
2. Article 8, paragraph 2, of the Convention on the functions of the secretariat,
and Article 8, paragraph 3, of the Convention on arrangements made for the
functioning of the secretariat, shall apply mutatis mutandis to this Protocol.
The secretariat shall, in addition, exercise the functions assigned to it under
this Protocol.

Article 16

1. The Subsidiary Body for Scientific and Technological Advice and the
Subsidiary Body for Implementation established by Articles 9 and 10 of the
Convention shall serve as, respectively, the Subsidiary Body for Scientific and
Technologial Advice and the Subsidiary Body for Implementation of this
Protocol. The provisions relating to the functioning of these two bodies under
the Convention shall apply mutatis mutandis to this Protocol. Sessions of the
meetings of the Subsidiary Body for Scientific and Technological Advice and
the Subsidiary Body for Implementation of this Protocol shall be held in
conjunction with the meetings of, respectively, the Subsidiary Body for
Scientific and Technological Advice and the Subsidiary Body for



Implementation of this Convention.

2. Parties to the Convention that are not Parties to this Protocol may
participate as observers in the proceedings of any session of the subsidiary
bodies. When the subsidiary bodies serve as the subsidiary bodies of this
Protocol, decisions under this Protocol shall be taken only by the Parties to
this Protocol.

3. When the subsidiary bodies established by Articles 9 and 10 of the
Convention exercise their functions with regard to matters concerning this
Protocol, any member of the Bureaux of those subsidiary bodies representing a
Party to the Convention but, at that time, not a party to this Protocol, shall be
substituted by an additional member to be elected by and from amongst the
Parties to this Protocol.

Article 17

The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall, as soon as practicable, consider the application to this Protocol
of, and modify as appropriate, the multilateral consultative process referred to
in Article 13 of the Convention, in the light of any relevant decisions that may
be taken by the Conference of the Parties. Any multilateral consultative
process that may be applied to this Protocol shall operate without prejudice to
the procedures and mechanisms established in accordance with Article 18.

Article 18

The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall, at its first session, approve appropriate and effective procedures
and mechanisms to determine and to address cases of non-compliance with

the provisions of this Protocol, including through the development of an
indicative list of consequences, taking into account the cause, type, degree

and frequency of non-compliance. Any procedures and mechanisms under this
Article entailing binding consequences shall be adopted by means of an
amendment to this Protocol.

Article 19

The provision of Article 14 of the Convention on settlement of disputes shall
apply mutatis mutandis to this Protocol.

Article 20
1. Any party may propose amendments to this Protocol.

2. Amendments to this Protocol shall be adopted at an ordinary session of the
Conference of the Parties serving as the meeting of the Parties to this Protocol.
The text of any proposed amendment to this Protocol shall be communicated
to the Parties by the secretariat at least six months before the meeting at
which it is proposed for adoption. The secretariat shall also communicate the
text of any proposed amendments to the Parties and signatories to the
Convention and, for information, to the Depositary.

3. The Parties shall make every effort to reach agreement on any proposed
amendment to this Protocol by consensus. If all efforts at consensus have



been exhausted, and no agreement reached, the amendment shall as a last
resort be adopted by a three-fourths majority vote of the Parties present and
voting at the meeting. The adopted amendment shall be communicated by the
secretariat to the Depositary, who shall circulate it to all Parties for their
acceptance.

4. Instruments of acceptance in respect of an amendment shall be deposited
with the Depositary. An amendment adopted in accordance with paragraph 3
above shall enter into force for those Parties having accepted it on the ninetieth
day after the date of receipt by the Depositary of an instrument of acceptance
by at least three fourths of the Parties to this Protocol.

S. The amendment shall enter into force for any other Party on the ninetieth
day after the date on which that Party deposits with the Depositary its
instrument of acceptance of the said amendment.

Article 21

1. Annexes to this Protocol shall form an integral part thereof and, unless
otherwise expressly provided, a reference to this Protocol constitutes at the
same time a reference to any annexes thereto. Any annexes adopted after the
entry into force of this Protocol shall be restricted to lists, forms and any other
material of a descriptive nature that is of a scientific, technical, procedural or
administrative character.

2. Any Party may make proposals for an annex to this Protocol and may
propose amendments to annexes to this Protocol.

3. Annexes to this Protocol and amendments to annexes to this Protocol shall
be adopted at an ordinary session of the Conference of the Parties serving as
the meeting of the Parties to this Protocol. The text of any proposed annex or
amendment to an annex shall be communicated to the Parties by the
secretariat at least six months before the meeting at which it is proposed for
adoption. The secretariat shall also communicate the text of any proposed
annex or amendment to an annex to the Parties and signatories to the
Convention and, for information, to the Depositary.

4. The Parties shall make every effort to reach agreement on any proposed-

. annex or amendment to an annex by consensus. If all efforts at consensus
have been exhausted, and no agreement reached, the annex or amendment to
an annex shall as a last resort be adopted by a three-fourths majority vote of
the Parties present and voting at the meeting. The adopted annex or
amendment to an annex shall be communicated by the secretariat to the
Depositary, who shall circulate it to all Parties for their acceptance.

S. An annex, other than Annex A or B, that has been adopted or amended in
accordance with paragraphs 3 and 4 above shall enter into force for all Parties

to this Protocol six months after the date of the communication by the
Depositary to such Parties of the adoption or amendment of the annex, except
for those Parties that have notified the Depositary in writing within that period of
their non-acceptance of the annex or amendment to the annex. The annex or
amendment to an annex shall enter into force for Parties which withdraw their
notification of non-acceptance on the ninetieth day after the date on which
withdrawal of such notification has been received by the Depositary.
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6. If the adoption of an annex or an amendment to an annex involves an
amendment to this Protocol, that annex or amendment to an annex shall not
enter into force until such time as the amendment to this Protocol enters into
force.

7. Amendments to Annexes A and B to this Protocol shall be adopted and

enter into force in accordance with the procedure set out in Article 20, provided
that any amendments to Annex B shall be adopted only with the written
consent of the Party concerned. '

Article 22
1. Each Party shall have one vote, except as provided for in Paragraph 2 below.

2. Regional economic integration organizations, in matters within their
competence, shall exercise their right to vote with a number of votes equal to
the number of their member States which are Parties to this Protocol. Such an
organization shall not exercise its right to vote if any of its member States
exercises its right, and vice versa.

- Article 23

The Secretary-Generl of the United Nations shall be the Depositary of this
Protocol.

Article 24

1. This Protocol shall be open for signature and subject to ratification,
acceptance or approval by States and regional economic integration
organizations which are Parties to the Convention. It shall be open for signature
at United Nations Headquarters in New York from 16 March 1998 to 15 March
1999. This Protocol shall be open for accession from the day after the date on
which it is closed for signature. Instruments of ratification, acceptance,
approval or accession shall be deposited with the Depositary.

2. Any regional economic integration organization which-becomes a Party to
this Protocol without any of its member States being a Party shall be bound by
all the obligations under this Protocol. In the case of such organizations, oge or
more of whose member States is a Party to this Protocol, the organization and
its member States shall decide on their respective responsibilities for the
performance of their obligations under this Protocol. In such cases, the
organization and the member States shall not be entitled to exercise rights
under this Protocol concurrently.

3. In their instruments of ratification, acceptance, approval or accession,
regional economic integration organizations shall declare the extent of their
competence with respect to the matters governed by this Protocol. These
organizations shall also inform the Depositary, who shall in tun inform the
Parties, of any substantial modification in the extent of their competence.

Article 25

1. this Protocol shall enter into force on the ninetieth day after the date on
which not less than mm'nvemion, incorporating Parties
included in Annex I which accounted in total for at least 55 per cent of the total

S




carbon dioxide emissions for 1990 of the Parties included in Annex I, have

deposited theirinstruments of ratification, acceptance, approvalor accession.
e

2. For the purposes of this Article, "the total carbon dioxide emissions for 1990

of the Parties included in Annex I" means the amount communicated on or

before the date of adoption of this Protocol by the Parties included in Annex I in

their first national communications submitted in accordance with Article 12 of

the Convention.

3. For each State or regional economic integration organization that ratifies,
accepts or approves this Protocol or accedes thereto after the conditions set

out in paragraph 1 above for the entry into force have been fulfilled, this Protocol
shall enter into force on the ninetieth day following the date of deposit of its
instrument of ratification, acceptance, approval or accession.

4. For the purposes of this Article, any instrument deposited by a regional
economic integration organization shall not be counted as additional to those
deposited by States members of the organization.

Article 26
No reservations may be made to this Protocol.
Article 27

1. At any time after three years from the date on which this Protocol has
entered into force for a Party, that Party may withdraw from this Protocol by
giving written notification to the Depositary.

2. Any such withdrawal shall take effect upon expiry of one year from the date
of receipt by the Depositary of the notification of withdrawal, o on such later
date as may be specified in the notification of withdrawal.

3. Any Party that withdraws from the Convention shall be considered as also
having withdrawn from this Protocol.

Article 28

The original of this Protocol, of which the Arabic, Chinese, English, Fren(;h,
Russian and Spanish texts are equally authentic, shall be deposited with the
Secretary-General of the United Nations.

Done at Kyoto this tenth day of December one thousand nine hundred
and ninety-seven.

Annex A

Greenhouse gases
Carbon dioxide (CO2)
Methane (CH4)

Nitrous oxide (N20)



Hydrofluorocarbons (HFCs)
Perfluorocarbons (PFCs)
Sulphur hexafluoride (SF6)
Sectors/source categories
Energy
Fuel combustion
Energy industries
Manufacturing industries and construction
Transport
Other sectors
Other
Fugitive emissions from fuels
Solid fuels
Oil and natural gas
Other
Industrial processes
Mineral products
Chemical industry
Metal production
Other production
Production of halocarbons and sulphur hexafluoride
Consumption of halocarbons and sulphur hexafluoride
Other
Solvent and other product use
- Agriculture
Enteric fermentation
Manure management

Rice cultivation



Agricultural soils
Prescribed buming of savannas
Field burning of agricultural residues
Other

Waste

Solid waste disposal on land

Wastewater handling

Waste incineration

Other

Annex B

Party Quantified emission
limitation or reduction
commitments (percentage change
from 1990)
Australia
(to be completed)
Austria
Belgium
Bulgaria*
Canada
Croatia*
Czech Republic*
Denmark
Estonia*
European Community
Finland
France
Germany
Greece
Hungary*
Iceland
Ireland
Italy
Japan
Latvia*
Liechtenstein
Lithuania*
Luxembourg
Monaco
Netherlands
New Zealand
Norway
Poland*
Portgual
Romania*



Russian Federation*

Slovakia*

Slovenia*

Spain

Sweden

Switzerland

Ukraine*

United Kingdom of Great Britain and
Northern Ireland

United States of America

*Countries that are undergoing the process of transition to a market
economy.

Back to top
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FAO PRODUCTION YEARBOOK

[EKNU USE |[Land Use Country Notes |

‘IImGA TION ]lSpeciﬁc Country Notes |
| General Country Notes |

Land use (land cover)

It should be bome in mind that definitions used by reporting countries vary considerably and items
classified under the same category often relate to greatly differing kinds of land.

Definitions of land use (land cover) categories are as follows:

11 Total Area 1000ha:

the total area of the country, including area under inland water bodies. Data in this category are
obtained mainly from the United Nations Statistical Division, New York. Possible variations in

the data may be due to updating and revisions of the country data and not necessarily to any
change of area.

31 Land Area 1000ha:

total area excluding area under inland water bodies. The definition of inland water bodies
generally includes major rivers and lakes. Data in this category are obtained mainly from the
United Nations Statistical Division, New York. Possible variations in the data may be due to
updating and revisions of the country data and not necessarily to any change of area.

51 Agricultural Area 1000ha:
up to 1994, this element shows total of data under Elements 061 (Arable land and Permanent
crops) and 131 (Permanent pastures).

61 Arable and Permanent Crops 1000ha:
Arable land and land under permanent crops shows the total of data in Elements 071 (Arable land)
and 121 (Permanent crops).

71 Arable Land 1000ha:

land under temporary crops (double-cropped areas are counted only once), temporary meadows
for mowing or pasture, land under market and kitchen gardens and land temporarily fallow (less
than five years). The abandoned land resulting from shifting cultivation is not included in this

category. Data for "Arable land" are not meant to indicate the amount of land that is potentially
cultivable. _

121 Permanent Crops 1000ha:

land cultivated with crops that occupy the land for long periods and need not be replanted-after
each harvest, such as cocoa, coffee and rubber; this category includes land under flowering shrubs,
fruit trees, nut trees and vines, but excludes land under trees grown for wood or timber.

131 Permanent Pasture 1000ha:
land used permanently (five years or more) for herbaceous forage crops, either cultivated or
growing wild (wild prairie or grazing land). The dividing line between this category and the
category "Forests and woodland"; is rather indefinite, especially in the case of shrubs, savannah,

etc., which may have been reported under either of these two categories. In the year 1995 and
onward there will be no data for this element.

141 Forests and Woodland 1000ha:
land under natural or planted stands of trees, whether productive or not. This category includes
land from which forests have been cleared but that will be reforested in the foreseeable future, but
it excludes woodland or forest used only for recreation purposes. The question of shrub land,
savannah, etc. raises the same problem as in the category "Permanent meadows and pastures”. In

the year 1995 and onward there will be no data for this element.
181 All Other Land 1000ha:

up to 1994, this category includes any other land not specifically listed under elements 051
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(Agricultural land) and 141 (Forests and Woodland). This element includes:
barren land, etc. for which no specific data are available.

191 Non arable and permanent crops 1000ha:
from 1995 this element includes any other land not specifically listed under elements 061 (Arable

land and Permanent crops) i.e.: permanent pastures, forests and woodland, built on areas, roads,
barren lands, etc.

built-on areas, roads,

LAND USE COUNTRY NOTES
The following are specific country notes pertaining to land-use (land-cover) categories:
Australia: Data on arable land include about 27 million hectares of cultivated grassland.
Greenland: "Total area" refers to area free from ice.

Mauritius: Data on total area exclude dependencies.

Russian Federation: Data on total area exclude the portion of land under the White Sea and the Azov
Sea.

Switzerland: Data from 1992, with the exception of "Total area" are not comparable with those of the
previous years because of a new statistical method recently applied by the country.

Ukraine: Data on total area exclude the portion of land under the Azov Sea.

USSR: Data on total area include the White Sea (9 million hec tares) and the Azov Sea (3.73 million
hectares). Data on arable land and land under permanent crops and on permanent meadows and pastures
refer to the land being used by agricul tural undertakings and farms, i.e. excluding State land reserves -
and areas belonging to nonagricultural undertakings. '

Irrigation

051 Irrigated Area 1000ha:

Data on irrigation relate to areas equipped to provide water to the crops. These include areas

equipped for full and partial control irrigation, spate irrigation areas, and equipped wetland or
inland valley bottoms. -

The following are specific country notes:
Cuba: Data refer to State sector only.
Hungary: Data exclude complementary farm plots and individual farms.

Japan; Korea, Republic of; Sri Lanka: Data refer to irrigated rice only.

GENERAL COUNTRY NOTES

Anguilla

Data for Anguilla are included with those of Saint Kitts and Nevis.
China

Data for Chiné generally include those for Taiwan (Province of China).
Cyprus

As a result of the present situation in Cyprus, data refer to the governmentcontrolled area only,
except for total area and Population where data refer to all Cyprus.
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Czech Republic, Slovakia . :
Starting in 1993, these independent republics, formerly Czecho slovakia, are shown separately.
East Timor
Most data for recent years are included in those of Indonesia.
Eritrea, Ethiopia
Starting in 1993, Eritrea and Ethiopia, formerly Ethiopia PDR, are shown separately.
Independent republics of the USSR
Starting in 1992, the independent republics Armenia, Azerbaijan, Georgia, Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan are shown separately in Asia, while
Belarus, Estonia, Latvia, Lithuania, Moldova, the Russian Federation and Ukraine are shown
separately in Europe. However, they are not included in the continental totals. Data before 1992
are shown under USSR.
Independent republics of Yugoslavia SFR
Starting in 1992, the independent republics Bosnia and Herzegovina, Croatia, the former Yugoslav
Republic of Macedonia, Slovenia, and the Federal Republic of Yugoslavia (Serbia and
Montenegro) are shown separately. Data for the years prior to 1992 are shown under Yugoslavia
FR '

India and Pakistan
Data relating to KashmirJammu, whose final status has not yet been determined, are generally

included under India and excluded from figures for Pakistan. Data for Sikkim are included under
India.

Pacific Islands -
This heading includes data for the Republic of the Marshall Islands, the Commonwealth of the
Northern Mariana Islands, the Federated States of Micronesia and the Republic of Palau.

Saint Helena
Data for Saint Helena include those for Ascension and Tristan da Cunha.

Yemen
Data for the former Yemen Arab Republic and the former Yemen, Democratic, have been
combined.
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—{[FINLAND |[ 30,459)[ 30,459 30,459 30,459 30,459 30,459
—{[FRANCE | 55,010][ 55,010 55,010 55,010 55,010 55,010]
— {[GERMANY | 34.927)[ 34,927)[ 34,927 34,927 34527 34,927
[BOSNIA HERZG | I I S.100 5,100 5,100) 5,100]
— {[GREECE | 12,890][ 12,890 12,890] 12,890 12,890 12,890
—|[HUNGARY 9234 9,234 9,234 9,234 9,234 9,234
[CROATIA i I 5592 5592 5,592 5,592

- |[ICELAND [ 10,025][ 10,025] 10,025 10,023 10,025 10,023
— [IRELAND [ 6,889 6,889 6,889 6,839 6,889 6,889
— [ITALY J[29,406][ 29,406][ 29,406][  29,406]] 29,406 29,406
—|[JAPAN IL 37,652 37,652 37,652 37,652 37,652 37,652
—|[CATVIA I 6205 6,205 6205 6,209]
»@WL 16 16| 16][ 16 16 16|
—{[LITHUANIA Tl [ 6480 6,480 6,430 6,480]
[NETHERLANDS — |[73392 3392 3,392 3392 3392 3392

— |MACEDONIA H T 00 2543 2,543 2583 2,543
—|[NEWZEALAND 26,799 26,799 26,799 26,799 26,799 26,799
— [NORWAY | 30,683 30,683 30,683 30,683 30,683 30,683
—[CZECHREP | | [l 7728 7,728 7,728
—|[POLAND ][30,442| 30,442 30,442 30,442) 30,442 30,442
—[PORTUGAL [ 9,150 9,150 9,150 5,150 9,150 9,150
— |ROMANIA [ 23,034)[ 23,034][ 23,034 23,034 23,034 23,034
—|RUSSIANFED | I |[1,688,850][1,688,850][1,688,850][1,688,850]

-—

528 Records © Copyright FAO 1990-1997

[ LAND USE *” " Year |
D AREA (1000HA)| 1990 | 1991 | 1992 I 1993 “ 1994 —IL 1995 |
[ALBANIA ]mmmﬁm[ 2,740|L 2,740 2,740
—[AUSTRALIA ——|7e8 730788230 7e8,730] 788,150] 78,230 T80
AUSTRI, [ 8773 5o 877387 Gan| &
|IBEL-LUX I 3,2821f—3,787]| -3,282[ 3,2821[ 3,282 3,282
mmA_——“—lﬂﬁg]l—ll_,Ogg][ 11,055 11,055  11,055|f 11,055]
CANADA 2 2 NP NP R P N2l

[CZECHOSLOVAK ][ 12,536][ 12,536 12,536 I [ ]
DENMARK || 4230 4239 4283 4243 4283 4,283
ESTONIA || || | %220 a2 427 422

WUGOSLAVIA ||| T0200 10200] 10300 10200
SLOVENIA I 1l 2012 2017 2012 2012

/—lSLOVAKIA “ jl J[ ” 4,808“ 4,808]L 4,803]

__,.I,SPAIN ” 49,9441” 49,944|L 49,9441L 49,944]r 49,944]L 49,944]

— LSWEDEN ][_TI,BZWT]L 41,162J| 41,162][ 41,162” 41,162

— mﬁ——lmL 3,955][ 3,955]L 3,955”7 3,955JL 3,9Sﬂ

— 0K |[23.160] 24,160|[ 24,160 24,160] 24,160 24,160|
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JJUKRAINE 1 | 57.935| 57.935| 57,935 57,93

[TSA |PT5.3T2|PI5 912 915,912 915,012 913,312] 515917
[YUGOSLAV SFR || 23,540] 25,340 I I |
[EC (15) )313,183)313, 183 313,187 313,187 313,187 313,187
[EEUROPE ___ |[114,581|[114,581] 114,488 114,483 114,438 114,433|
I LANDUSE I ~ Year I
[FOREST&WOOD (1000HA)][ 1990 || 1991 || 1992 || 1993 || 1994 J[1993
[ALBANIA [ L0435 1,050 L051| L0843 L0483 O
[AUSTRALIA |[145,613)[145,000][145,000][145,000][145,000 0|
[AUSTRIA [ 3,227 3,227 3,218 3,280 3,240 0
[BEL-LUX 709709 709 709 709 0|
[BULGARIA [ 3,385 3,348 3,348 3,348 3348 0|
[CANADA |[#53,300[453,300][453,300][453,300][53,300] 0|
[CZECHOSLOVAK [ 4818 4819 46181 | | |
[DENMARK I Y Y Y A
[ESTONIA I I 2016 2,022 2017 0
[FINLAND [ 23,373][ 23,222|] 23,186][ 23,186]| 23,186 0|
[FRANCE [ 13,811 13,850] 14,872 13,931 13,012] 0|
[GERMANY __|[10.735][ T0,700][ T0,700][ T0,700][ 10,700 0]
[BOSNIA HERZG I l [ 2,100 2,000 2,000] 0]
[GREECE_ [ 2,620 2,620 2,620] 2,620 2,620 0
[AUNGARY 1675 Lol L[ LD L7109 0|
[CROATIA I I [ 2,074 2,076 2,076 0
TCELAND [ 123 120] 120] 120 120 O
MRELAND [ 300 570] 570 570] 570 0
CLALY [ 6760 6,764 6,772 6,800] 6809 0]
JAPAN \[25,103][ 25,230]] 25,230][ 25,100]| 25,000 0|
[CATVIA I I [ 2315 2,839 2870 0
[LIECHTENSTEN [ 3 3 3 3 3 O
[LITHUANIA | | [ 1.983) 1,983 T.983 0
INETHERLANDS || 334| 334 334 334 334 0|
[MACEDONIA || I [ L,066|[ 1,020 1,020] 0
INEW ZEALAND || 7,867 7.667| 7.667| 7,667 7.667] 0|
[NORWAY [ 8330 8,330] 8,330 8,330 8330 0]
[CZECH REP ] I 2,629 2629 0|
[POLAND || 8672 8,732 8,32 8,132 8,732 O
[PORTUGAL [ 3,102 3,102] 3,102 3,102] 3,102 0|
[ROMANIA I 6,683 6,680 6,682 6,682 6,680 0|
(RUSSIAN FED I | [767,693][768,436][765,912]_ 0]
[XUGOSLAVIA i | [ L769 L769) L769[ O]
SLOVENIA I I 1,077 L077| L0770

1/2/98 5:04 PM
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ISLOVAKIA | I I | 1,989 1,989

[SPAIN 1[ I3,807) 15,858] 15,915 16,137 16,370
[SWEDEN [ 28,025][ 28,025 28,025)] 28,025 28,023 0]

[SWITZEWh[ T,186 1,186 I,186] L84 LI%6| 0|
' [ 2328 2,390 2,390 2,390 2,390 0]

IUKRAINE I I 5239 9239 539 0
[USA — |[295,990][295,950295,990][295,990][295,990]] 0]
[YUGOSLAVSFR [ 9.IT8] 9120] ]
[EC (15) [T12,746][112,788|[112,830][113,161|[113,251] 0|
[E EUROPE [35,158][ 33,250]] 34,229 34,080]] 34,087 0]

B e I T LT U T ORI,

Click on the file to download it as .CSV

00388457 .csv (Size <1K)

If you configure your browser to associate the file type text/comma-separated-values with your

spreadsheet software, then it will be started automatically when you download the file.

How to set this up in Netscape

Number of Database Accesses=388457

1/2/98 5:04 PM
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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
etal. (1985)). Many embodiments of CGEMs have sufficiently similar properties that reatively
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:

e

1.

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

2. Anticipated changes in the greenhouse effect result from the emission of a number of
gases including: COy, CHy, CO, N20, NOy, SO, VOCs, CFCs, and CFC substitutes,

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

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

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

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

7. Policy analysis requires both mid-term (5-year) and long-term (100 year) time horizons.

‘__:‘;j As a consequence, the SGM differs from other CGEMs in that it includes:



an energy/agriculture focus;

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

depletable natural resources;

competition among technologies; and

sector- and subsector-level investment decisions.

A R

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. Iu 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 (CGEM:s) 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 model parameters virtually
impossible. Although Chipman [1991] demonstrates that the number of observations does not
have to be greater than the number of parameters to be estimated in a CGEM, the number of
parameters requiring estimation within the SGM is too large for econometric estimation to be a
feasible option. This is largely due to the SGM's requirement of 6-digit input-output tables to
describe the economy in appropriate detail when, as is the case with the U.S., such data
requirements are only published every 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 projections>. As a result of these data constraints, the method of calibration, described
as the process of choosing model parameters to exactly reproduce observations in a given base
year, is widely used by developers of CGEMs.

As with econometric estimation, calibration also has its limitations. The method of calibration
not only assumes that benchmark year data reflect an economy in equilibrium, it also assumes
that the benchmark equilibrium is representative of a "normal” 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.

’ 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.

H.a. I_n_termediate 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 commaodity 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 commaodity; 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.

Jn order 10 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 2 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.

L¥P ]
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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 I-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 1-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 7602
Electric Utilities

Qil Refining Petroleum Refining 2911 310101
Products of Petroleum 2999 310103
& Coal n.e.c. :

Gas Transmission Private Gas Production 492 . 6802

& Distribution (utilities)

Other Products All other industries

* Part of this industry category.

Upon completion of the commodity-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.

ILb. Industry Value Added

Once completed, this CXC table provides the necessary information on the use of produced
commodities in the production of other commodities which will be used in the computation of
each industry's production function coefficients. Before these coefficients can be estimated,
however, information on the use of non-produced factors of production (i.e., land and labor) is
required. Each industry's land and labor expenditures are included in the value added portion of
the 1-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 [-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 land component is imperative for the SGM to study the effects of
greenhouse gas emissions on land use; particularly for the Agriculture sector. The land
component for each SGM industry was separated from the "other value added” component by
estimating each industry's expenditures on land. Land rents by SGM industry were estimated by
applying an average cost of agricultural land (based on data obtained from the U.S. Department
of Agriculture) to land use data from the "Statistical Abstract of the U.S." published by the
Department of Commerce>. These estimates of land rents for each SGM industry are added as a
separate component to each industry's value added and accounted for by subtracting an equal
value from the "other value added” component of value added.

Labor

Industry labor expenditures are given in the "use" table of the I-O accounts as a component of
value added called "compensation of employees”. These data are aggregated to SGM industries
at the same time as intermediate production. The only adjustment to the industry labor
component is the extraction of labor used for government services from the "Other Products”
industry sector. Prior to SGM industry aggregation, the industrial production component of the I-
O accounts includes a "Government Industry” which contains labor as its only input to
production. (This industry was added to the "Other Products” industry during SGM industry
aggregation). Since the calibration of the government services' utility function (discussed in
Section I11.d. below) is conducted separately from industria) 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 -¢"%) (1)

where

% An average agricultural land rental price was used on the assurption 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 earnings rate of sector i;

aj = the maximum potential retained eamnings 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 earnings by 1985 total corporate profits obtained from the
"Economic Report of the President, 1992". Next, the maximum potential retained earnings rate
was estimated from historical data to be 0.60 (i.e., the percentage of corporate profits retained
would never expect to be higher than 60%). Last, assuming a real market interest rate of 3%, the
sensitivity parameter (bi) can be directly calculated from equation (1).

ILc. Capital Inputs

In addition to the factor inputs described in the I-O accounts, data on the underlying capital stock
used in production are also required to compute each industry's production function coefficients.
The SGM requires productive capital stock of each industry to be divided into "vintages”
corresponding to the S-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 1-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 capiral'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:

Qa,x = qo.: + q-l..r + q-J..\' + qJ.: (2)
where
Qs = total production of commodity s in period 0; and

Qv s

7

output of commodity s produced with vintage v capital
stock (based on a CES production function).

T e e e

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
(20) 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
Cartegory Lifetime (in years) Technological Change | Substitution in

(in %)* Production

Agriculure : 20 0 0.4
Crude Oil Extraction 15 1.5 0.5
Nauwral 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 at the time the capital's lifetime has been reached. This is done by summing annual investment
values (the difference between the current year's gross 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 ¢ither 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 ance in the SGM, equipment and structures are combined and retired at
the average lifetime of botb.
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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).

TLd. 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 1o 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. Itis
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 1o 1991 is assumed to be used in hydroelectric generation.
Subsequent purchases of capital are assumed to be used in solar elecwicity generation. Different "vintage"”
production functions are used 1o reflect this separation.
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Generation sector into these six subsectors. As with Crude Oil and Natural Gas Extraction, these
data are used to create production functions for each subsector and each subsector faces a
common price of output (i.e., the price of electricity).

II.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 clectricity 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.

1II. ESTIMATION OF MODEL PARAMETERS
ILa. Calibration o_f_the CES Production Functions ¢

As previously discussed, each SGM sector and subsector has associated with it a unique
production function in order to reflect differences in production processes. As 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/ 2
G = o (DXl + anuXbn) (= V.0 ®3)
]
where
qv,s = output of commodity s produced with vintage v capital stock;
agsyy = scale coefficient 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);
Xis,v = demand for inputi in vintage v's production of commodity s;
aN,s = factor intensity of the capital input (input N) in the production of commodity
S5
XN,s,v = 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 (a( g 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 pnces10 equal to 1. Compute the price of land
and labor as follows11:

P _ TE lond 4
“! " Total Land @
_ TE labor
Piowr = 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).

TotalLand = 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,

'* 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 Jand in 1985. Similar to the interpretation of the price of land, the price
of labor can be interpreted as the millions of 1982 dollars required to hire 1000 workers annually.

11
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p, = TO - IBT 6
o = T ©
where

Pp = Output price of the commoditylZ (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. As discussed above, relative factor intensities within a sector or subsector do not differ.
Therefore, factor intensity parameters for the variable inputs can be calculated based on the
assumption that total output is produced from one vintage (i.e., total production can be described
by one CES production function rather than a summation of multiple 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:

¥
X %) : P 0J .
al.! (Xi.olher) Po.odur ! 1 h N 1 .- (7)
where,
a;ij = factor intensity of the ith input in the production of commodity J,
Xig = total demand for the ith input in the production of commodity j,
Xiother = total demand for the ith input in the production of the "other products™
commodity,
Poj = 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.,

Om, _ X 8
| 5P, a )
where
g = total profit in the production of commodity s; i.e.,

2 This price refers to the price received by this sector. The price paid is set to 1 (as mentioned in the input
price discussion previously) and is the same as the input price for the commodity produced in this sector.
As implied, the price received by producers of a commodity is less than the price paid by purchasers of the
commaodity as long as IBT is positive (i.e., taxes paid in a sector is less than subsidies received).

12
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T, = PO,.\'q_. = ZPi.JXI'.s (9)
i=l
where
Pgs = output price (price received) of commodity s,
Pis = inputprice (price paid) of the ith commodity in the production of commodity
S
Xjs = total demand of the ith input in the production of commaodity 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-1 e
4, = an(QausXl + anX%) (10)
=1
the demand for the ith factor input to the production process can be directly calculated as,

7
. = (ao.,PoJa”) (—) i=1.N-1 Q1)

where, assuming capital is the only fixed factor,

Y = aNJXﬁ’J (12)
and
N-J
Z = I-(ausPos)! (D al’” P) (13)

i=l

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 1o be
equal to 1 in order to obtain the a; 5 parameters in relative terms.

4. Asdiscussed 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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Tosr = B, *(1+8.)7 (14)
where

®osyv = 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 commodity s;

\ = 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 (xo,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 (@ s v ) can be determined given the Hick’s-
neutral technological change rate and the overall scale factor (By 5 ). 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 s ). 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 s and an s.

The steps involved in this iterative process are as follows:

(1) Choose an initial value for B s.

(2) For each variable factor input, compute X; ,s as the rotal 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 a; ¢ using equation (7).

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

othcr; = Z X otherxv I (15 )
v=-V,
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., 5 years) plus 1); and
Xother,s,y = estimated input demand for the "other products” commodity in vintage
v's production of commodity s defined as,

H“ 1
aolhcr.r ; Y ;
Xol rsv o ao,s.vP,x ' py 16
her.s, ( 0 Pu/v:r.:) (Z) (16)
where
Y = aN_J Xfll_f,i (17)
and
N-1
Z = 1-(ay, PU)‘)#(Z Ahitlers Plhers) (18)
. j_]

(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 Bg 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;, = @, (L;+5*v) PRD,

v=0..-3 (19)

where

Reservcsj"vl4= reserves (in exajoules) of depletable resource j produced by vintage v;
Qj,v = output (in 3) of depletable resource sector j produced from vintage v:

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

15
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L = lifetime of capital stock in sector j;

PRDEN; = total depletable resource extracted of commodity j (exajoules) in
period 0l5;

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

Ml.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:

1, = aol...(baserate, )" f (exp(7, )™ (20)
where
Its = annual level of investment in sector s at time t;
Ie+1,s = annual level of investment in sector s at time t+1;
- baseratey = underlying growth in the economy affecting investment;
flexp(ny s)) = a function of the expected profit rate;
aQ = scale coefficient; and
aj, ay = 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
re. (£,
baserare, = (PE,,)((GNP) ) 1)
E 7.
where
PE = potential employment (population ages 15 to 64);
GNP gross national product; .

E = total employment; and
(GNP/E)-1 = gnp per worker (productivity) at time t-1.

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

exp(r,.)
flexp(z,y) = ——— (222)
p ' exp(” I-IJ)
where
exp(mys) = the expected profit rate in sector s at time t.

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

16



"ttete”

FEB 12 ’98 ©5:29AM BRTTELLE ESD

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,

] lifetime .{ T
—
exp(rn = — N (22b
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
Tes = gector-specific profit rate at ime 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, a, @2) an aggregate investment function
(described by equation (20)) was econometrically estimated on the macroeconomy level. Next,
these scale and sensitivity parameters were used in each sector-specific investment equation
(equation (20) for each sector) to 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-wide scale
and adjusting each sector's interest rate wedge until its base year investment level is achieved.
Sector-specific variables in the investment equation include Jagged investment and the expected
profit rate. The base rate variable and the scale and sensitivity parameters are identical across
$ectors. '

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 ”l,is.\')p
Shareys, = mg—— - (23)
Z (E Ty gss ) g
iss=]
where
Sharetjss = Share of total sector investment allocated to subsector iss;
Eng iss = expected profit rate for subsector iss at time t; and
p = sensitivity parameter.

17
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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 investrent and the expected profit rate) within the
investment equation are required. Lagged investment at the sector. level is obtained by
aggregating subsector lagged investment.

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

IILd. Calibration of Final Demands

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

Government Final Demand

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

.expenditures must satisy the following identity:

N .
TXtot - Spv = TRgw + ZP"X:'.xm . (24)
=1
where
TXot = total net tax revenuesl7; .
Sgov = net government savings or, for negative values, net government
borrowing;

transfer payment by the govemment;

f

'* The government 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
services, it is not a producer of any market commodity as is the case with producing sectors.

1" Subsidies are measured as negative taxes.

18
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Pi = 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;, = w————— 25
' TO-IBTtot, @)
where
IBTrate; = indirect business tax rate for commodity i;
IBTtot; = total indirect business tax expenditures in the production of commaodity i;
TO = total output of commodity i.

Combining Equations (6) and (25),

1
IBTrate, = 7" ] (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 soiving for CITR in the following equation:

¥ N :
Total Corporate Taxes = D IBT: + Y .CITR* Profit, 27)
i=] i=]
where

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

CITR = average corporate income tax rate;

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

N = number of producing sectors.

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

19
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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:

TLE ;
(TLE-TSS/2) ~

SSTR cmpioyer = (28)

where

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

total labor expenditures across all sectors; and

total social security tax expenditures across all sectors.

TLE
TSS

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

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 = GO * 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

20



reo ic o0 WD JaMi SM e Sl

subject to the government's budget constraint defined in equation (24). The following CES utility
- funcrion defined over the three government services is used:

NGS 1/ ) .
GU = (2.6sG4) (30)
=l
where
GU = government utility, an unobservable variable;
Ggs = the production of government service ss;
dss = distribution parameter for service ss;
I = 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 -1

Gu = (TX10 - Sgor - TRuw) B PL (2 Biy Pss) G1)
m=/
where
Bss = 8ss(-1/(m-1));
g \} Y = p/(p-1); and
N
Pg;; = Zai,&ﬂ Pi (32)
I=1
where
Pgss = thecostof the next unit of government service ss; ~
Pi = the price of input i in the production process; and
ajgss = theamount 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 ss
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 vear prices of these inputs; i.e.,

Qigss = W (33)

2105

sl
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where

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.

10j,g,ss

These aj g ss are then used in equation (32) to obtain the value of Pg s 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 8¢5 (substituting 5¢s(-1/(H-1)) for Bsg in equation (31)).

Note: As discussed in Section 11.b. above, since the final demand sectors of the I/O table do not
include "value added", labor expenditures of the government final demand sectors are found in
the row component titled "Government Industry” of the 1/0 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 government borrowing); therefore, this value would
be added to total net tax revenues to obtain the government's budget constraint. Net government
savings is calculated for the 1985 base year by subtracting 1985 total government expenditures
from total net tax revenue (discussed above). To fund this government deficit, total savings
(including personal savings and corporate retained earnings) less total investment was used.
Since this amount is not adequate to cover the tota] government deficit in 1985, the excess was
assumed to be funded through a foreign supply of capital. Since this version of the SGM is a
closed economy (except for crude oil), the amount of foreign capital supplied was specified
exogenously in the SGM's trade component as an import of capital in the base year and is
constant through future periods. Since the SGM assumes market equilibrium, no government
deficit will exist in future years; but in order to calibrate the SGM to the base year, this
exogenous supply of foreign capital is necessary.

Household Final Demand

The SGM assumes that a portion of the households' budget (personal inéomc) 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:

X labor = WAP * Qiasor * (1 - eﬂM'.PM’) (34)
where
WAP = total working age population (ages 15 to 64);
Ajabor = 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:

Xind = TLA® Qg * (1 - PP - (35)
where
TLA = total surface area potentially available for allocation; .
&Jand = 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 ($M per 1000 km?2).

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:

Swn = Y* Qi * (1 - Shtsome ") (36)
where
Y = disposable personal income;
Qhhsave = 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 Bhhsave:

Shl; y:) -
) g b T 3
Y * ahluav:) ( 7)

Omave = (1

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:

5 S hh * r s 5‘|b.ruv¢ ﬂ hhsave eﬁm.r *
— = " = 04
& S hh ( (] = thwvc eﬁu-“ ’) ) ’ 0 0 (3 8)

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:

Xionamn = NHH Qipapn Piana 39
where

Qfand,hh = the houschold land intensity factor;
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Pland = the price of land; and
NHH = the qumber of households (in 1000s) which is defined as,
TOTPOP
NHH = ————— (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 Bph using 1985 actual values
for NHH and TOTPOP. Similarly, equation (39) was calibrated to the base year by solving for
O]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 I1.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 Jand 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 1s defined as:

X laborsih = Xisor & taborkh  Plabor (41)
where

Qjabor,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 &abor, hh Using estimated 1985
household demand for labor; 1985 price of labor (discussed in Section II1.a.); and the estimated
1985 total labor supply from equation (34). :

Since the final demand sectors of the I/0 table do not include "value added", labor expenditures
of the household final demand sector is found in the row component titled "Household Industry”
of the I/O tables. This industry would be included in the SGM Everything Else sector; therefore,
the 1985 "Household Industry” value was separated from household's consumption of the
Everything Else commodity and considered labor expenditures for the household final demand
sector.

Household demand for other goods and services are estimated as follows:
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- Xdw = @i PIm YT () (42)

Y. =Y - S = Xiwdwn Piana = Xisvormn Piasor ' (43)
where
Xdj hh = household demand for good i;
@j hh = the household demand intensity factor for good i;
Bi hh = the household price elasticity of demand for good i;
c = total value of consumption which is defined as,
Yi,hh = the household income elasticity of demand for good i; and

NS
A= Y aum Pfsyyms! (44

i=/

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

Table 3
o Price Elasticity | Income Elasticity
_ § Agriculmure --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 hh , 1985 values of all the variables in equation (41) were determined as
follows: (1) 1985 household demand for each good was obtained from the input-output accounts;
(2) as previously discussed, all prices (except land and labor) were assumed to be 1 in the base
year; (3) Since the 1985 values all of the components of equation (43) are either known or have
been previously calculated, the total value of consumption (Y¢) can be determined. With these
values determined, the values of a; hh can be calculated from equation (42).
.
v o 3
s
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Trade

As previously discussed, Version 0.0 of the SGM assumes a closed economy (i.e. zero trade) for
all goods except crude oil. For calibration purposes, it is necessary to exogenously add 1985 net
exports to demand and supply in order to replicate the 1985 base year values. Net exports for all
tradeable commodities!? (except Crude Oil and Other Products) are held constant at 1985 values
for each period in the model. Net exports in the Crude Oil sector are set at 1985 values from the
/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 wade imbalances in the Other Products sector;
therefore, a trade deficit would be set 1o zero by an equal amount in export demand for the Other
Products commodity.

% In the SGM, "radeable™ commodities refer to those commodities which could be traded and in Version
0.0 include all commodities except electricity, land, and Jabor.
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