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MARKETS FOR TRADEABLE CO. EMI SSI ON QUOTAS
PRI NCI PLES AND PRACTI CE

Thi s paper r evi ews a r ange of i ssues r el at i ng t o t r adeabl e car bon di oxi de quot as . I t
consi der s t he economi c pr i nci pl es on whi ch t hey ar e based, compar es t hem wi t h al t er nat i ve
car bon abat ement pol i ci es, and r evi ews many aspect s of how t r adeabl e quot as woul d be
i mpl ement ed i n pr act i ce .

Cet t e et ude passe en r evue un cer t ai n nombr e de pr obl emes en r el at i on avec un syst eme
de cont i ngent s negoci abl es de di oxyde de car bone . Sont pr i s en consi der at i on, l es pr i nci pes
economi ques sur l esquel s un t el syst eme peut se f onder , l a compar ai son avec d' aut r es i nst r ument s
de r educt i on des emi ssi ons de car bone et l es aspect s de r ai se en oeuvr e pr at i que des cont i ngent s
negoci abl es .

Appl i cat i ons f or per mi ssi on t o r epr oduce or t r ansl at e al l , or par t of , t hi s mat er i al
shoul d be made t o : Head of Publ i cat i ons Ser vi ce, 2, Rue Andr e Pascal , 75775 Par i s Cedex 16,
Fr ance .
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MARKETS FORTRADEABLE COZ EMI SSI ON QUOTAS

PRI NCI PLES AND PRACTI CE

I . I nt r oduct i on

by

Gr aci el a Chi chi l ni sky and Geof f r ey Heal '

Thi s paper r evi ews a r ange of i ssues r el at i ng t o t r adeabl e car bon

di oxi de emi ssi on quot as, t o be cal l ed TEQs f r om now on. I t consi der s t he

economi c pr i nci pl es on whi ch t hey ar e based, compar es t hemwi t h al t er nat i ve

car bon abat ement pol i ci es, and r evi ews many aspect s of howt r adeabl e quot as

woul d be i mpl ement ed i n pr act i ce.

The next sect i on set s t he scene : i t expl ai ns why t hese i ssues ar e on t he

agenda and howt hey r el at e t o cur r ent i ssues such as j oi nt i mpl ement at i on.

The pr i nci pal al t er nat i ve t o a TEQ r egi me i s t he adopt i on of car bon

t axes : Sect i on I I I compar es sal i ent aspect s of t he t wo pol i cy appr oaches . I t al so

anal yses howt hey may be combi ned . Sect i on I V st udi es a par t i cul ar and ver y

i mpor t ant aspect of a TEQr egi me: t he al l ocat i on of TEQs among par t i ci pat i ng

count r i es . These t wo sect i ons, Sect i ons I I I and I V, pr esent t he key t heor et i cal

per spect i ves on t r adeabl e quot as and t hei r mai n al t er nat i ve, car bon t axes .
The r emai ni ng sect i on addr esses i ssues connect ed wi t h t he

i mpl ement at i on of TEQs, anal yzi ng quest i ons associ at ed wi t h t he desi gn and

management of a TEQmar ket .

I I . The cont ext of t he OECD di scussi on

The Ri o Convent i on of June 1992 set i mpor t ant goal s f or t he cont r ol of

t he pl anet ' s gr eenhouse has emi ssi ons . Annex 1 count r i es' agr eed t o r ol l back

t hei r emi ssi ons t o t hei r 1990 l evel s by t he year 2000. The Convent i on gave

cer t ai n i nst i t ut i ons t he r esponsi bi l i t y f or devi si ng pol i ci es t o i mpl ement t hese
goal s: t hese i nst i t ut i ons wer e t he Gl obal Envi r onment Faci l i t y, and t he

Fr amewor k Convent i ons on Cl i mat e Change, on Bi odi ver si t y and on

Sust ai nabl e Devel opment .
I ndust r i al and devel opi ng count r i es have r at her di f f er ent per cept i ons

of t he i ssues i nvol ved, and t hese di f f er ences ar e t o a cer t ai n ext ent l i mi t i ng

1 Chi chi l i vsky i s at t he Depar t ment of Economi cs and t he Pr ogr amon I nf or mat i on and

Resour ces at Col umbi a Uni ver si t y, and was Vi si t i ng Pr of essor at St anf or d Uni ver si t y when t hi s

document was wr i t t en. Heal i s at t he Gr aduat e School of Busi ness and t he Pr ogr am on

I nf or mat i on and Resour ces at Col umbi a Uni ver si t y . The opi ni ons expr essed i n t hi s document

ar e t hose of t he aut hor s and cannot be hel d t o r epr esent t he vi ews of t he OECDor i t s Member

count r i es.

' Annex 1 count r i es ar e t he mai n i ndust r i al count r i es, i ncl udi ng t he OECD, t he f or mer

Sovi et Uni on and t he East er n Eur opean member s of t he f or mer Sovi et bl ock
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pr ogr ess i n i nt er nat i onal negot i at i ons . Devel opi ng count r i es f ear t he i mposi -

t i on of l i mi t s t o t hei r gr owt h i n t he f or m of r est r i ct i ons on emi ssi ons and on

t he use of t hei r own r esour ces . They f eel t hat most envi r onment al damage

or i gi nat es cur r ent l y, and i ndeed has or i gi nat ed hi st or i cal l y, i n t he i ndust r i al

count r i es, whose pat t er ns of devel opment ar e at t he r oot of t he envi r onment al

di l emmas whi ch we f ace t oday .

I ndust r i al count r i es have a di f f er ent set of concer ns : t hey f ear excessi ve

popul at i on gr owt h i n devel opi ng count r i es and t he envi r onment al damage

t hat t hi s coul d br i ng about . Whi l e r ecogni zi ng t hei r hi st or i cal r esponsi bi l i t y

f or excessi ve envi r onment al use, t hey f ocus on a l ong t er m f ut ur e i n whi ch

envi r onment al pr obl ems coul d or i gi nat e most l y i n t he devel opi ng count r i es .

I n addi t i on t o di f f er ences i n per cept i ons, sci ent i f i c under st andi ng of some

of t he mai n i ssues has emer ged onl y r ecent l y . Newl y f ound sci ence makes

i t way sl owl y i nt o t he pol i t i cal deci si on pr ocess, because by i t s ver y nat ur e

sci ence i s hi ghl y speci al i zed and i s of t en t ent at i ve i n i t s concl usi ons . The

di f f er ences i n per cept i ons and t he f ai l ur e t o communi cat e r ecent sci ent i f i c

f i ndi ngs have hamper ed t he i nt er nat i onal deci si on maki ng pr ocess.

A.

	

The Economi cs of t he Gl obal Envi r onment

The i mpl ement at i on of t he Ri o goal s of st abi l i zi ng emi ssi ons at l evel s

not har mf ul t o t he cl i mat e r equi r es subst ant i al concept ual advances i n our

under st andi ng of some of t he mai n i ssues, as wel l as t he devel opment of a

consensus about t he possi bl e pol i cy i nst r ument s f or t ackl i ng t hese i ssues .

Thi s i s not an easy t ask because t he pr obl ems of cl i mat e change, sust ai nabl e

devel opment and pr ot ect i on of bi odi ver si t y ar e al l r at her newand compl ex i n

nat ur e . The economi cs of cl i mat e change i nvol ves chal l engi ng i ssues r el at ed

t o economi c pr i nci pl es and pol i ci es, i ncl udi ng f or exampl e:

t he connect i ons bet ween ener gy use, ener gy pr i ces, t r ade and gr owt h,

9 t he opt i mal di st r i but i on of quot as t o emi t gr eenhouse gases bet ween

count r i es : as we shal l ar gue bel ow, t he di st r i but i on of quot as i s not

a mat t er t o be j udged onl y on t he gr ounds of equi t y, but may have

subst ant i al i mpl i cat i ons f or ef f i ci ency,

. t he condi t i ons whi ch ar e necessar y f or car bon t axes t o act ef f i ci ent l y,



t he connect i ons bet ween l evel s of i ncome, opt i mal pr oper t y r i ght s and

t r adi ng pr act i ces i n such mar ket s,

t he desi gn of cooper at i ve i nt er nat i onal pol i ci es f or t he abat ement of

emi ssi ons of gr eenhouse gases, as pr ovi ded by Cl ause 4 of t he Ri o con-

vent i on.

I n addi t i on t o r equi r i ng ext ensi ve t echni cal wor k3 , i mpl ement i ng t he Ri o

t ar get s r equi r es a del i ber at e ef f or t on t he par t of al l par t i es i nvol ved t o com-

muni cat e and t o under st and each ot her ' s concer ns, t o addr ess i n dept h and

cr i t i cal l y t he pr obl ems and t he possi bl e sol ut i ons, and t o r each consensus .

B.

	

The pr esent pr act i ce

Joi nt i mpl ement at i on i s a t er m whi ch i s f r equent l y used t o descr i be a

cooper at i ve vent ur e bet ween t wo or mor e count r i es t o decr ease t he sumt ot al

of t hei r emi ssi ons of gr eenhouse gases . I t s or i gi ns can be t r aced t o Cl ause 4

of t he Ri o convent i on, whi ch speci f i cal l y cont empl at es t hi s possi bi l i t y. The

exper i ence t o dat e has been of r el at i vel y smal l pr oj ect s i nvol vi ng f i ve coun-

t r i es . One i s an agr eement i nvol vi ng Nor way and Mexi co, f unded most l y by

t he Gl obal Envi r onment Faci l i t y ( GEF) of t he Wor l d Bank . Mexi co i ni t i at ed

an ef f or t t o r epl ace smal l el ect r i c appl i ances such as l i ght bul bs i n a man-

ner whi ch di mi ni shes ener gy use and car bon emi ssi ons. A second pr oj ect

i nvol ves t he Net her l ands i n cooper at i on wi t h Pol and and I ndi a. Her e Pol and

ai ms at r epl aci ng i t s use of coal i n ener gy pr oduct i on by nat ur al gas, t her eby

decr easi ng i t s car bon emi ssi ons.

I n bot h of t hese exampl es t he nat ur e of t he cooper at i on i s a bar gai n

bet ween an i ndust r i al i zed count r y and one or t wo l ess devel oped count r i es

( member s of Annex 2 of t he Ri o pr ot ocol ) , by whi ch t he f or mer , i n cooper

at i on wi t h t he GEF, " pur chases" i t s r i ght t o cont i nue i t s cur r ent emi ssi on

pr act i ces t hr ough ensur i ng decr eased emi ssi ons f r om t he devel opi ng coun-

t r i es . The Annex 1 count r y i s cr edi t ed wi t h an emi ssi on r educt i on whi ch i t

br ought about , al t hough t hi s di d not occur on i t s t er r i t or y . The exper i ence t o

3These ar e i ssues on whi ch r ecent r esear ch at Col umbi a Uni ver si t y and at St anf or d Uni -

ver si t y has made much pr ogr ess ( Chi chi i ni sky, 4 , 5 , 6 Heal , 11, 13, 12 MCI i b3i Sk, and Heal , r , 2

Chi chi i ni sky, Heal and St ar r et t 9 ) .



dat e suggest s sever al pol i cy i ssues, whi ch have been t he subj ect of di scussi on

i n t he Fr amewor k Convent i on f or Cl i mat e Change .

C.

	

The pot ent i al of j oi nt i mpl ement at i on

The f i r st , most obvi ous i ssue i s t he ef f ect i veness of j oi nt i mpl ement at i on i f

t aken t o i t s nat ur al concl usi on: t he pur chase by i ndust r i al i zed count r i es ( An-

nex 1 count r i es) of r i ght s t o cont i nue pr esent emi ssi on pr act i ces by ensur i ng

decr eased emi ssi ons f r om devel opi ng count r i es ( Annex 2 count r i es) . Devel -

opi ng count r i es cur r ent l y emi t at most 30% of t he wor l d car bon emi ssi ons .

I f t he ai mi s t o decr ease wor l d emi ssi ons, f or exampl e by 60%of l ong- r un f u-

t ur e emi ssi ons as i s of t en pr oposed, t hen even a compl et e cessat i on of car bon

emi ssi ons by al l devel opi ng count r i es woul d at best bar el y at t ai n t hi s goal .

Abat ement of t he t ype cont empl at ed at pr esent r equi r es act i ve decr eases i n

car bon emi ssi ons by i ndust r i al count r i es, who ar e t he mai n emi t t er s . Joi nt

i mpl ement at i on of t he t ype descr i bed above cannot be a subst i t ut e .

An ar gument i n f avor of j oi nt i mpl ement at i on i s t hat i t can l ead t o i m-

pr ovement s i n t he posi t i ons of al l t he count r i es engaged i n t he bar gai n. Thi s

ar gument i s suppor t ed by t he evi dence t hat t he bar gai n i s f r eel y agr eed

among t he count r i es i nvol ved . I f count r i es do not st and t o gai n, why woul d

t hey ent er t he deal ? These ar gument s ar e cor r ect wi t hi n a r est r i ct ed i nst i t u-
t i onal f r amewor k, but t hey f ai l t o pr ovi de a t hor ough anal ysi s of t he si t uat i on .

What i s chosen depends on t he al t er nat i ves avai l abl e . A bar gai n can i ndeed

be bet t er t han no bar gai n at al l , but i t coul d be wor se t han ot her al t er -

nat i ve bar gai ns whi ch wer e not wi t hi n t he scope of di scussi on . Wi t h mor e

i nf or mat i on about t he al t er nat i ves avai l abl e, a count r y can t ypi cal l y i mpr ove

i t s t r adi ng posi t i on. I ndeed, t he most f r equent l y- voi ced concer n about j oi nt

i mpl ement at i on i s t hat a f ew count r i es coul d " st eal t he mar ch" on ot her s by

t aki ng advant age of a t hi n mar ket wi t h l i t t l e i nf or mat i on . Al l t hi s i s si mpl y a

r e- st at ement of a wel l known f act : ef f i ci ent t r adi ng r equi r es wel l di st r i but ed

i nf or mat i on among al l t he t r ader s . I t al so r equi r es compet i t i ve t r adi ng, whi ch

i s i n t ur n a f unct i on of t he number of t r ader s . Two t r ader s t ypi cal l y do not
make a compet i t i ve mar ket . These t wo pr i nci pl es, mar ket i nf or mat i on and

mar ket dept h, . ar e wi del y appl i ed i n most wel l - or gani zed mar ket s acr oss t he

wor l d and ar e associ at ed wi t h mar ket ef f i ci ency. Thi s l eads us nat ur al l y

t o consi der a mul t i l at er al ext ensi on of j oi nt i mpl ement at i on: a f r amewor k



i n whi ch t r adi ng i s conduct ed wi t h wel l di st r i but ed i nf or mat i on f l ows, and

wher e mar ket dept h can be achi eved t hr ough t he si mul t aneous par t i ci pat i on

of al l count r i es .

D.

	

A mi gr at i on pat h t o mul t i l at er al t r adi ng?

Fr om t he pr evi ous r emar ks emer ges anot her ar gument i n f avor of j oi nt

i mpl ement at i on . The j oi nt vent ur es or " bi l at er al t r adi ng" pr act i ces whi ch

char act er i ze j oi nt i mpl ement at i on so f ar can be vi ewed as t he f i r st st ep i n t he

devel opment of a wel l or gani zed, mul t i l at er al mar ket . I t i s of t en t he case t hat

bi l at er al t r adi ng pr ecedes, and l eads t o, mul t i l at er al t r adi ng . Exampl es ar e

pr ovi ded by t he Chi cago commodi t y mar ket s and by t he Ll oyds of London i n-

sur ance mar ket , bot h of whi ch st ar t ed wi t h i nf or mal bi l at er al t r adi ng among

a f ew par t i es . The chal l enge i s t her ef or e t o bui l d - a wel l def i ned i nst i t ut i onal

st r uct ur e of whi ch j oi nt i mpl ement at i on r epr esent a f i r st devel opment al st ep .

Thi s r equi r es t he const r uct i on of a mul t i l at er al or gani zat i on wi t h t he cl ear

under st andi ng t hat t oday' s bi l at er al j oi nt i mpl ement at i on vent ur es ar e t o

pr ovi de dat a and knowl edge about how t he mul t i l at er al or gani zat i on wi l l

wor k. The event ual ai m i s t o devel op an or gani zat i on i n whi ch count r i es

can achi eve an ef f i ci ent al l ocat i on of t hei r r esour ces, t hr ough decent r al i zed

t r adi ng vi a wel l or gani zed and ef f i ci ent mechani sms .

E.

	

Tr adeabl e quot as

A nat ur al mul t i l at er al t r adi ng or gani zat i on i s a mar ket i n whi ch ent i t l e-

ment s or quot as t o emi t gr eenhouse gases ar e t r aded . Such a mar ket has

a vener abl e t r adi t i on i n economi cs . At pr esent t her e ar e t hr ee exampl es of

si mi l ar mar ket s i n t he Uni t ed St at es . A sul phur di oxi de ( SOZ ) ent i t l ement

mar ket has now been t r adi ng f or a year on t he Chi cago Boar d of Ti ade . For

t r adi ng t o be possi bl e, pr oper t y r i ght s must be est abl i shed . I n t hi s case, t he

pr oper t y r i ght s wer e est abl i shed by t he Cl ean Ai r Act whi ch r est r i ct ed t he

emi ssi on r i ght s of t he maj or ut i l i t i es i n t he US. At pr esent t r adi ng i s con-

duct ed most l y bet ween t hese ut i l i t i es . Recent l y new mar ket s have opened

up : f ut ur es and swaps on t hese quot as have been i nt r oduced. These mar ket s

ar e cal l ed " der i vat i ve" because t hey t r ade cont r act s whose val ues depend on

( ar e der i ved f r om) t he val ue of an under l yi ng asset , i n t hi s case quot as t o



emi t . The pr i ces on t hese cont r act s, and t he gai ns and l osses f r om t r ade, ar e

t her ef or e der i ved f r om t he expect ed pr i ces of t he quot as . An el ect r i c ut i l i t y

company t r ades f ut ur es because i t want s t o pl an ef f ect i vel y t he cost s of a

pr oj ect ed expansi on or r educt i on of i t s out put , whi ch wi l l r equi r e di f f er ent

quot as f r om: t hose i t hol ds at pr esent . The next sect i on wi l l expl ai n howsuch

mar ket s wor k t o cor r ect ext er nal i t i es, and how t hey can be used t o i nduce a

r educt i on of gr eenhouse gas emi ssi ons domest i cal l y and gl obal l y .

I I I .

	

Tr adeabl e Quot as & Emi ssi on Taxes

A.

	

The Pi gou and Goase t r adi t i ons

The pr obl emof gl obal cl i mat e change addr essed by t he Ri o Convent i on

i s a cl assi c case of l ar ge- scal e negat i ve ext er nal ef f ect s, t hat i s har mf ul ef f ect s

of one par t y on anot her whi ch ar e ext er nal t o and hence not medi at ed by t he

mar ket mechani sm. By t he emi ssi on of C02 a count r y i ncr eases t he r i sk f aced

by al l count r i es, i t sel f i ncl uded, of a har mf ul change i n cl i mat e. Hence t he

exi st ence of a negat i ve ext er nal ef f ect . Ther e ar e t wo pr i nci pal appr oaches

t o t he cont r ol and cor r ect i on of ext er nal ef f ect s- cont r ol and cor r ect i on vi a

t axes and subsi di es, i n t he t r adi t i on est abl i shed by Pi gou, " 6 and cont r ol and

cor r ect i on vi a t he i nt r oduct i on of pr oper t y r i ght s, as suggest ed by Coase. 3

Pi gou descr i bed ext er nal i t i es as st emmi ng f r om di f f er ences bet ween t he

pr i vat e . and t he soci al cost s of an act i vi t y . I n hi s vi si on, t hese di f f er ences

bet ween pr i vat e and soci al cost s wer e t o be cor r ect ed by t axes or subsi di es

t hat al t er t he pr i vat e cost of t he act i vi t y unt i l i t equal s t he soci al cost . Af t er

cor r ect i on, one has t he r el at i onshi p :

pr i vat e cost + t ax = soci al cost

So i n t he case of C02 emi ssi on, t her e i s a pr i vat e cost gi ven by t he cost s

of t he f uel bur ned: t he soci al cost s i ncl ude, i n addi t i on t o t he f uel cost s,

t he cost s of an i ncr eased l i kel i hood of har mf ul cl i mat e change. APi gouvi an

cor r ect i ve t ax, when added t o t he pr i vat e cost , wi l l . br i ng i t i nt o l i ne wi t h t he

soci al cost .

Coase, i nst ead, f ocused on t he f act t hat goods and ser vi ces can onl y

be bought and sol d, and t her ef or e br ought wi t hi n t he or bi t of t he mar ket

mechani sm, i f t hey can be owned. Owner shi p of a good or ser vi ce means

10



t hat peopl e can have pr oper t y r i ght s i n t hese . Coase t hen saw ext er nal i t i es

as ar i si ng f r oman absence of pr oper t y r i ght s : as a consequence of t hi s cer t ai n

economi cal l y i mpor t ant goods and ser vi ce coul d not be bought or sol d, and

t hei r pr ovi si on coul d not be r egul at ed by t he mar ket . Hence i n par t i cul ar

t he mar ket coul d not ensur e t hei r pr ovi si on at an ef f i ci ent l evel . The nat ur al

pol i cy pr escr i pt i on f r omt hi s per spect i ve i s t he i nt r oduct i on of pr oper t y r i ght s

f or t he goods f or whi ch t hey ar e mi ssi ng, so t hat t hese goods can be t r aded

and t hei r pr ovi si on r egul at ed by t he mar ket . The appl i cat i on of t hi s vi ew

t o cl i mat e change i ndi cat es t hat t he ser vi ces of t he at mospher e ar e bei ng

used i n t he combust i on of car bon- based f uel s as a deposi t or y f or C02 , i n a

l egal f r amewor k i n whi ch t her e ar e no pr oper t y r i ght s i n t he at mospher e and

t her e i s t hus no oppor t uni t y f or peopl e t o r egi st er a demand f or i t t o be l ef t

unal t er ed . Ther e ar e i n cont r ast pr oper t y r i ght s over t he gr ound, so t hat

t hi s cannot be used as a deposi t or y f or wast e wi t hout per mi ssi on f r om t he

owner , whi ch nor mal l y r equi r es payment . Coase' s i nsi ght i s t hat we need t o

mi mi c t hi s si t uat i on wi t h r espect t o access t o t he at mospher e .

Pi gou' s i nsi ght has gi ven r i se t o t he domi nant Eur opean pol i cy appr oach

i n t hi s f i el d, namel y t he use of cor r ect i ve t axes and subsi di es : Coase' s has

i nspi r ed t he Amer i can appr oach of t r adeabl e per mi t s and quot as, as used

i n t he USA f or sul phur di oxi de, l ead addi t i ves, and wat er di schar ge r i ght s .

The key poi nt i s t hi s appr oach i s t hat bef or e emi t t i ng a pol l ut ant i nt o t he

at mospher e, a f i r m must own t he r i ght t o ef f ect such an emi ssi on: such a

r i ght i s conveyed by t he pur chase of a TEQ. The cr eat i on of t hese quot as

est abl i shes pr oper t y r i ght s i n t he at mospher e . I f a f i r m i s f or ced t o buy a

quot a bef or e emi t t i ng a pol l ut ant , t hen, i n Pi gouvi an t er ms, t hi s al so r ai ses

t he pr i vat e cost of pol l ut i on, i n t hi s case by t he cost of t he quot a . Once

agai n, mar gi nal pr i vat e cost s ar e changed so t hat t hey appr oach mar gi nal

soci al cost s . I n f act , i n a compet i t i ve quot a mar ket , t hey wi l l be equat ed

exact l y t o mar gi nal soci al cost s by t he i ncl usi on of t he cost s of buyi ng quot as .

The t wo appr oaches ar e f or mal l y equi val ent i n i mpor t ant ways, t hough

not i n al l ways . A t r adeabl e quot a syst emr equi r es a pol l ut er t o buy a per mi t

bef or e pol l ut i ng, and t hi s r ai ses t he pr i vat e cost of pol l ut i on by as amount

equal t o t he pr i ce of t he per mi t : i n t hi s r espect , i t appear s t o t he pol l ut er

l i ke a t ax : i t i mposes a t ax equal t o t he pr i ce of a per mi t . Bot h appr oaches

ar e consi st ent wi t h t he " pol l ut er pays" pr i nci pl e, whi ch has been adopt ed

by t he OECD: compl i ance wi t h t hi s i s wi del y vi ewed as a pr er equi si t e f or



f ai r ness i n t he management of pol l ut i on. Fr omt he per spect i ve of t he pol i cy-

maker , however , t her e ar e di f f er ences associ at ed wi t h wher e t he mai n pol i cy

uncer t ai nt i es ar i se: we expl or e t hese bel ow. Ther e ar e al so di f f er ences i n t he

r ol e of t he gover nment i n each syst em: i t pl ays a mor e cent r al r ol e, and of

cour se r ai ses r evenue, under a t ax r egi me.

B.

	

Hi st or i cal exper i ence and i nt el l ect ual t r adi t i ons

The di f f er ent i nt el l ect ual t r adi t i ons not ed above l ead t o di f f er ent pol i cy

r egi mes, and i t i s cl ear t hat t hese di f f er ent i nt el l ect ual t r adi t i ons have col or ed

i n di f f er ent ways t he pol i cy choi ces of Eur ope and t he USA.

The Coasi an t r adi t i on emer ged f r om t he Uni ver si t y of Chi cago, an i n-

st i t ut i on whose i nf l uence on economi c pol i cy f or mul at i on i n t he USA i n t he

l ast t went y year s has been pr of ound and f ar - r eachi ng . Hence t he USA has

exper i ment ed ext ensi vel y wi t h TEQs i n sever al ar eas : t hese i ncl ude t he man-

agement of SOZ emi ssi ons, management of t he di st r i but i on of l ead addi t i ves

t o vehi de f uel s, and management of var i ous emi ssi ons i n t he ur ban ar eas of

nor t her n and sout her n Cal i f or ni a . The USA f i nds t hi s appr oach consi st ent

wi t h t he pr evai l i ng mar ket - or i ent ed appr oach t o economi c pol i cy . By t he

same t oken, t axbased pol i ci es have been an anat hema t o a pol i t i cal cl i mat e

st r ongl y pr edi sposed agai nst t axeshence t he r api d demi se of t he Cl i nt on

a mi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� i st r at i on' s BTU t ax pr oposal .

I n Eur ope, t he t r adi t i on i s qui t e di f f er ent . The Pi gouvi an t r adi t i on

emer ged f r om Cambr i dge, and i s al so f ul l y consi st ent wi t h t he Fr ench t r a-

di t i on i n publ i c economi cs and economi c pol i cy . At t he same t i me, most

Eur opean gover nment s have hi st or i cal l y had no nat ur al af f i ni t y f or mar ket

based appr oaches t o pol l ut i on management , havi ng per cei ved mar ket s as past

of t he pr obl emr at her t han as par t of t he sol ut i on . Hence t he concept of a

t r adeabl e emi ssi on quot a r egi me has been l ess f ami l i ar i n Eur ope: t he ap-

pr oach t hat has r i sen nat ur al l y t o t he t op of t he agenda i s a pol i cy based on

car bon t axes.

C.

	

Uncer t ai nt y about cost - benef i t r el at i ons

One of t he mai n di f f er ences bet ween t r adeabl e quot as and emi ssi on t axes

i s i n t he degr ee of assur ance t hat t hey of f er t o t he pol i cy- maker about t he
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aggr egat e l evel of pol l ut i on. The poi nt her e i s si mpl e, yet i mpor t ant . I t i s as

f ol l ows . Wi t h a syst em of t r adeabl e quot as, t he aggr egat e l evel of pol l ut i on

i s det er mi ned t o be t he t ot al number of quot as i ssued. I f quot as ar e i ssued

f or t he emi ssi on of , f or exampl e, si x bi l l i on t ons of car bon di oxi de, t hen, i f

t he syst em i s enf or ced, t he t ot al of emi ssi ons wi l l not exceed si x bi l l i on t ons .

Thi s much t he pol i cy- maker can be sur e of i n advance : t he t ot al amount

of pol l ut i on i s pr edi ct abl e . Ther e i s however an i mpor t ant aspect of t he

pol i cy t hat i s not known t o her : t hi s i s t he cost t o pol l ut er s of t he r egul at i on

of emi ssi ons t o t he speci f i ed l evel , as measur ed by t he pr i ce of an emi ssi on

quot a. Thi s pr i ce wi l l be det er mi ned by t he f or ces of suppl y and demand,

and cannot i n gener al be pr edi ct ed wi t h any accur acy.

Cont r ast t hi s wi t h t he si t uat i on wi t h a pol l ut i on t ax : t he cost t o t he

pol l ut er i s now know wi t h cer t ai nt y and i s of cour se gi ven by t he t ax . But

t he aggr egat e amount of pol l ut i on cannot be pr edi ct ed : t hi s wi l l now be de

t er mi ned i n t he mar ket by t he f or ces of suppl y and demand . To be pr eci se, i t

wi l l be det er mi ned f or each f i r m at t he l evel at whi ch t he mar gi nal abat ement

cost j ust equal s t he t ax on pol l ut i on.

So wi t h quot as, t he pol i cy- maker i s sur e i n advance of t he aggr egat e

amount of pol l ut i on t hat wi l l r esul t f r om her i nt er vent i on, but i s unsur e of

t he r esul t i ng cost s t o i ndust r y and commer ce. Wi t h t axes mat t er s ar e exact l y

t he opposi t e: t he cost s t o pol l ut er s of pol i cy ar e known, but t he r esul t s, i n

t er ms of pol l ut i on l evel s, ar e not . Thi s i s a key di f f er ence, a key dual i t y : 4 i n

si t uat i ons of gr eat pol i t i cal sensi t i vi t y, knowi ng t he cost of pol i cy i nt er vent i on

t o i ndust r y and commer ce may be essent i al : t hi s i s an ar gument f or t axes . I n

si t uat i ons of gr eat sensi t i vi t y of t he envi r onment t o pol l ut i on, knowi ng t he

aggr egat e l evel of pol l ut i on t hat wi l l r esul t f r om a pol i cy may be essent i al ,

an ar gument f or TEQs.

1 .

	

Thr eshol d ef f ect s

Thi s l at t er poi nt i s i mpor t ant i n t he cont ext of cer t ai n t ypes of envi r on-

ment al pr obl em. Consi der i n par t i cul ar a si t uat i on i n whi ch t he ef f ect of a

pol l ut ant on t he envi r onment i s r ever si bl e up t o a cer t ai n t hr eshol d l evel of

pol l ut i on whi ch we denot e L, and i s i r r ever si bl e af t er t hat . One can t hi nk of

Thi s dual i t y was f i r st st udi ed by Wei t mnan- l 8 See al so Dasgupt a and Heal , chapt er

13. 10

13



many exampl es : wat er bodi es can cl eanse t hemsel ves pr ovi ded t hat t hey ar e

not " t oo pol l ut ed" , but t hey cannot cl eanse t hemsel ves i f pol l ut i on exceeds

a cer t ai n l evel : t hr eat ened speci es can r e- est abl i sh t hemsel ves pr ovi ded t hat

t hei r st ock i s not " t oo l ow" , but i f t hei r st ock f al l s bel ow t hi s l evel , t hey ar e

doomed t o ext i nct i on : ocean cur r ent s and t he cl i mat es dependent on t hem

r emai n essent i al l y t he same pr ovi ded t hat changes i n at mospher i c t emper a-

t ur es ar e not " t oo l ar ge" , but may change i n a maj or way i f t he t emper at ur e

change exceeds a cr i t i cal amount .

I n each of t hese cases, t her e i s a l evel of pol l ut i on bel owwhi ch t he conse-

quences of pol l ut i on ar e r ever si bl e, and above whi ch t hey ar e not and t her e i s

a per manent l oss of an envi r onment al asset . I t i s t hi s t hr eshol d l evel t hat t he

symbol " L" denot es. I n such si t uat i ons, t her e i s a pr emi umon not exceedi ng

L: t he cost s of pol l ut i on i ncr ease shar pl y beyond L. I n such si t uat i ons t her e

i s a st r ong ar gument i n f avor of TEQs, f or t hese can pr ovi de t he assur ance

t hat t he aggr egat e l evel of pol l ut i on wi l l not exceed L. One does t hi s by j ust

i ssui ng a t ot al of per mi t s t hat does not exceed L. The onl y way t o r each such

assur ances wi t h pol l ut i on t axes woul d be t o consi der t he r ange of al l possi -

bl e mar gi nal emi ssi on cost s, and t o pi ck a t ax l evel whi ch ensur es pol l ut i on

of l ess t han L f or any possi bl e mar gi nal emi ssi on abat ement cost s . I f t he

uncer t ai nt y about possi bl e mar gi nal abat ement cost schedul es i s gr eat , such

a t ax may i n f act be f ar gr eat er t han i s act ual l y needed. I n cont r ast , t he t ax

i mpl i ed by t r adeabl e quot as- t he pr i ce of a quot a when t he t ot al number of

quot as i s L wi l l be exact l y t he l east needed t o ensur e aggr egat e pol l ut i on

l ess t han L.

I n many cont est s, t hi s may be an i mpor t ant consi der at i on i n f avor of

TEQs : t hey guar ant ee t hat pol l ut i on wi l l be wi t hi n some pr edet er mi ned

l i mi t . Ther e i s consi der abl e sci ent i f i c evi dence of t hr eshol d ef f ect s i n t he

damage t hat r esul t s f r ommany pol l ut ant s . Al l of t he exampl es al l uded t o

above, have a r eal sci ent i f i c basi s.

Whi l e t her e ar e bel i eved t o be t hr eshol d ef f ect s i n t he r el at i onshi p bet ween

at mospher i c C02 concent r at i on and cl i mat e change, t hese t hr eshol ds ar e a

f unct i on of t he st ock, and not of t he f l ow, of C02 i nt o t he at mospher e. Thi s

means t hat t hey depend on cumul at i ve emi ssi ons t o dat e, and not on t he

' Hi gh mar gi nal abat ement cost s i mpl y hi gh pol l ut i on l evel s f or any gi ven pol l ut i on

t ax, as t he al t er nat i ve t o payi ng t he t ax i s cut t i ng back pol l ut i on and payi ng t he magi nal

abat ement cost .
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cur r ent l evel of emi ssi ons . Cumul at i ve emi ssi ons change onl y r at her sl owl y,

and t hi s r educes t he i mpor t ance of t he t hr eshol d ar gument i n t he case of

gr eenhouse gases .

D.

	

Opt i on val ues

The capaci t y t o i mpl ement abat ement pol i ci es i n a manner t hat r espect s

t hr eshol ds and so avoi ds i r r ever si bl e changes i n t he physi cal envi r onment of

human soci et i es i s an i mpor t ant one i n t he cont ext of envi r onment al pr ob

l ems i n whi ch t hr eshol d ef f ect s mat t er . The nat ur e of t hi s i mpor t ance bear s

f ur t her exami nat i on . A key i ssue her e i s t hat we of t en, i ndeed usual l y, do

not know how i mpor t ant i t i s t o avoi d a change i n t he envi r onment . For

exampl e, we do not know t he i mpor t ance of avoi di ng maj or cl i mat e changes,

nor do we know t he i mpor t ance of pr eser vi ng cer t ai n t ypes of speci es . Of

cour se, we have some i deas, but t hey ar e not at al l pr eci se and of t en t hey

ar e t he subj ect of di sagr eement and di sput e. Pr esumabl y we wi l l l ear n mor e

about t hese as t i me passes : a quar t er of a cent ur y hence, our r esear ch and

exper i ence may have l ed us t o a much bet t er gr asp of t hese i ssues . I n t hi s

case, i t i s i nt ui t i ve t hat t her e i s a l ot t o be sai d f or keepi ng mat t er s as t hey

ar e unt i l we do know t he consequences of a change .

Thi s i nt ui t i ve poi nt can be f or mal i zed i n t he concept of an " opt i on val ue"

associ at ed wi t h pr eser vi ng envi r onment s as t hey ar es . Pr eser vi ng an envi -

r onment , say f or t en year s, gi ves us t he r i ght and t he abi l i t y, but not of

cour se t he obl i gat i on, t o cont i nue pr eser vi ng i t f or l onger af t er t hat . I f i n

t en year s we under st and bet t er t he consequences of a change, t hen at t hat

t i me we can r econsi der t he pr eser vat i on i ssue i n t he l i ght of bet t er i nf or -

mat i on . Not pr eser vi ng t he envi r onment , i r r ever si bl y al t er i ng i t now, t apes

away t hi s possi bi l i t y, t he possi bi l i t y of r evi ewi ng our choi ce i n t he l i ght of

bet t er i nf or mat i on . So i f we ar e goi ng t o l ear n mor e about t he i mpor t ance

of envi r onment t o soci et y i n t he f ut ur e, pr eser vi ng envi r onment s unt i l we

have done t hat l ear ni ng gi ves us t he possi bi l i t y of mal dng bet t er - i nf or med

l ongr un pr eser vat i on deci si ons . Pr eser vat i on l et s us make a choi ce when we

know mor e about t he possi bl e consequences, and dear l y t her e i s a val ue t o

t hi s .

6These i ssues wer e f or mal i zed by Ar r owand Fi sher ' and by Henr y 14 : t hi s l i t er at ur e i s

r evi ewed i n Dasgupt a and Heal ' ° and i n Chi chi l ni sky and HeaL8
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The t er m " opt i on val ue" i s used t o r ef er t o t hi s phenomenon because

t her e i s t he same st r uct ur e her e as i s associ at ed wi t h buyi ng an opt i on t o

pur chase a secur i t y ( anot her f or m of der i vat i ve) : t hat opt i on gi ves you t he

r i ght , but not t he obl i gat i on, t o buy t he secur i t y i n t he f ut ur e when you

have mor e i nf or mat i on about i t s val ue . Any pol i cy whi ch mai nt ai ns t he

envi r onment , and speci f i cal l y t he cl i mat e r egi me, i n i t s pr esent st at us quo

has t o be cr edi t ed wi t h t he cor r espondi ng opt i on val ue: t he exi st ence of t he

opt i on val ue i s t her ef or e an ar gument i n f avor of a conser vat i ve envi r onment al

pol i cy. I n t he cl i mat e cont ext , t wo condi t i ons ar e necessar y f or t he opt i on

val ue t o be si gni f i cant : t hat mor e i nf or mat i on about t he val ue of avoi di ng

cl i mat e change shoul d become avai l abl e over t i me, and t hat cl i mat e changes

shoul d be i r r ever si bl e. Bot h of t hese condi t i ons appear t o be sat i sf i ed .

E.

	

Uncer t ai nt y about f ut ur e r egul at i ons

A key aspect of car bon di oxi de emi ssi on and gl obal cl i mat e change i s

t hat sci ent i f i c under st andi ng of t hi s phenomenon i s cont i nuousl y evol vi ng.

Mor e i s known nowt han t en year s ago, and t he next t en t o t went y year s wi l l

unquest i onabl y br i ng even bi gger changes . The pr obl ems of gl obal cl i mat e

change may come t o be seen as much mor e, or much l ess, t hr eat eni ng t han

cur r ent l y. As a consequence of such changes i n sci ent i f i c under st andi ng, t he

t i ght ness of C02 emi ssi on r egul at i ons wi l l change, becomi ng mor e r est r i ct i ve

i f t he consequences of C02 emi ssi on ar e f ound t o be mor e ser i ous, and vi ce

ver sa.

I t f ol l ows t hat t her e i s i nevi t abl y uncer t ai nt y about t he t i ght ness of f ut ur e

r egul at or y pol i ci es wi t h r espect t o C02 emi ssi ons . Thi s uncer t ai nt y has a

cost t o f i r ms : f or exampl e, when deci di ng whet her t o sel ect a t echnol ogy l ess

i nt ensi ve i n C02 a f i r mwi l l base i t s deci si on on t he expect ed cost s of C02

emi ssi on over t he l i f e of t he pr oj ect . A ut i l i t y choosi ng bet ween oi l , gas and

nucl ear wi l l make a f or ecast of t he cost s of C02 emi ssi on over t he t went y

t o t hi r t y year l i f e of t he pr oj ect , as measur ed by t he cost s of t r adeabl e C02

emi ssi on per mi t s or t he l i kel y l evel of C02 t axes . I n doi ng so i t wi l l r ecogni ze

t he r i sk of ant i ci pat i ng i ncor r ect l y t he cost s of C02 emi ssi on, and wi l l wi sh t o

hedge or i nsur e t he at t endant r i sk of mal dng t he wr ong t echnol ogi cal choi ce.

An exampl e of such a r i sk i s t he r i sk of sel ect i ng a non- car bon- based ener gy

sour ce on t he assumpt i on t hat r est r i ct i ve emi ssi on pol i ci es wi l l f or ce up t he
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Cost s of C0 2 emi ssi ons, and t hen f i ndi ng t hat i n f act a car bon- based ener gy

sour ce i s t he l east expensi ve and t hat compet i t or s who have chosen t hat

al t er nat i ve have l ower cost s .

An advant age of TEQs r el at i ve t o car bon t axes, i s t hat t hey can nat ur al l y

be devel oped i n a way whi ch f aci l i t at es hedgi ng t hi s ki nd of r i sk . Hedgi ng

coul d occur vi a t he t r adi ng of der i vat i ves such as f ut ur es or opt i ons on TEQs,

a possi bi l i t y ment i oned i n pr evi ous sect i ons . To el abor at e, i f a ut i l i t y ant i ci -

pat es a shar p i ncr ease i n t he cost s of C02 emi ssi on, i t wi l l choose t he ener gy

sour ce t hat i s l east i nt ensi ve i n C02 emi ssi ons . Thi s exposes i t t o t he r i sk

t hat sci ent i f i c r esear ch wi l l r eveal C02 accumul at i on i n t he at mospher e t o be

l ess t hr eat eni ng t han pr evi ousl y bel i eved, wi t h a consequent i ncr ease i n t he

number of TEQs i ssued by r egul at or s and a dr op i n t hei r pr i ce . To of f set t he

r i sk of bei ng " wr ong f oot ed" i n t hi s way, t he ut i l i t y woul d ei t her sel l TEQs

f or war d, or buy put opt i ons on t hem. I n ei t her event i t woul d pr of i t f r om

a dr op i n quot a pr i ces, and t hi s pr of i t woul d i n some degr ee of f set t he cost s

i ncur r ed unnecessar i l y by t he sel ect i on of t he l east C02- i nt ensi ve t echnol -

ogy . I n t he Chi cago mar ket f or S02 emi ssi on quot as, ut i l i t i es have al r eady

demonst r at ed t hei r abi l i t y t o use such st r at egi es . These aspect s of mar ket s

f or TEQs ar e consi der ed f ur t her bel ow.

F.

	

Taxes and quot as al t er nat i ves or compl ement s?

Al t hough t r adeabl e per mi t s and car bon t axes ar e gener al l y vi ewed as t he

mai n al t er nat i ves i n t he management of gl obal C02 emi ssi ons, t hey ar e i n

f act not ant i t het i cal : t hey can be combi ned i n sever al ways.

1 .

	

1Vl i xed domest i c pol i cy r egi mes

A count r y coul d i n cer t ai n cases f i nd i t at t r act i ve t o empl oy a mi xt ur e

of t he t wo appr oaches . I t coul d have a r egi me of t r adeabl e C02 emi ssi on

quot as, but al l ow f i r ms t o emi t mor e t han t he C0 2 quot as t hat t hey hol d

i n exchange f or t he payment of a t ax on each uni t of emi ssi on i n excess of

t he quot as owned by t he f i r m. For exampl e, i f a f i r m owned quot as t o emi t

100, 000 t ons of C02 and i n f act pr oduces 120, 000, t hen i t mi ght be al l owed

t o pay a t ax on t he 20, 000 uni t s by whi ch i t s emi ssi on of C02 exceeds t he

quot as i n i t s possessi on. I n such a r egi me, a f i r m f i ndi ng i t s quot a al l ocat i on

17



t oo r est r i ct i ve woul d have t hr ee opt i ons :

1 . t o r educe emi ssi ons

2 . t o buy mor e quot as

3 . t o pay a t ax on emi ssi on i n excess of t he quot as possessed .

I t woul d choose t he l east cost l y . Thi s cl ear l y i mpl i es t hat t he mar ket

pr i ce of a quot a woul d never exceed t he t ax r at e, f or i f i t di d t her e woul d be

no demand f or quot as : one coul d al ways achi eve t he same ef f ect as buyi ng a

quot a by payi ng a t ax, so t hat at quot a pr i ces above t he t ax r at e t her e woul d

be no buyer s . Hence t he t ax r at e set s an upper bound on t he mar ket pr i ce of

a t r adeabl e emi ssi on quot a. By set t i ng a t ax r at e, t he r egul at or bounds t he

cost s t o f i r ms of i t s r egul at or y pol i ci es . Thi s coul d r educe one of t he mai n

di sadvant ages of a t r adeabl e quot a r egi me, t he unpr edi ct abi l i t y of t he cost s

t o f i r ms, but at t he cost r educi ng i t s mai n advant age, t he pr edi ct abi l i t y of t he

t ot al l evel of C02 emi ssi ons . For t o t he ext ent t hat a f i r m can suppl ement

i t s t r adeabl e emi ssi on quot as by payi ng t axes, i n can i n ef f ect cr eat e new

quot as, maki ng t ot al emi ssi ons l ess pr edi ct abl e.

I n a si t uat i on wher e t her e i s a need f or a cap on t he cost t o i ndust r y of

a r egul at or y pol i cy, and wher e t her e i s al so a need f or some pr edi ct abi l i t y of

t he t ot al l evel of emi ssi ons, t hi s mi xed syst em may have a val uabl e r ol e t o

pl ay .

2 . Quot as i nt er nat i onal l y, t axes domest i cal l y

Anot her possi bl e combi nat i on of t he t wo appr oaches i s t o al l ocat e t r ade-

abl e quot as t o count r i es, whi ch can t r ade t hem i nt er nat i onal l y t o al t er t hei r

t ot al al l ocat i ons of emi ssi on quot as, and t hen have count r i es enf or ce t he gi ven

t ot al emi ssi on l evel s domest i cal l y ei t her by t ax or by command- and- cont r ol

r egi mes . I n such a syst em, a count r y al l ocat ed quot as al l owi ng i t t o emi t 500

mi l l i on t ons of C02 mi ght pur chase addi t i onal emi ssi on quot as t o br i ng i t s

t ot al al l ocat i on up t o 550 mi l l i on, and t hen i mpl ement t he nat i onal t ar get

of 550 mi l l i on t ons domest i cal l y by any means t hat i t chose. Of cour se, t he

commi t ment t o emi t no mor e t hat 550 mi l l i on t ons woul d, as al r eady di s-

cussed, pr obabl y be i mpl ement ed most accur at el y by a domest i c t r adeabl e

quot a r egi me, but i n pr i nci pl e any domest i c pol i cy r egi me i s possi bl e.
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I V.

	

Quot as : di st r i but i on and ef f i ci ency

To i nt r oduce a r egi me of t r adeabl e emi ssi on quot as, we have t o cr eat e

pr oper t y r i ght s wher e none pr evi ousl y exi st ed . These pr oper t y r i ght s must

t hen be al l ocat ed t o count r i es par t i ci pat i ng i n t he COZ abat ement pr ogr am,

i n t he f or m of TEQs . Such quot as have mar ket val ue, per haps ver y gr eat

mar ket val ue . The cr eat i on and di st r i but i on of quot as i s t her ef or e pot en-

t i al l y a maj or r edi st r i but i on of weal t h i nt er nat i onal l y . Thi s of cour se means

t hat i t i s economi cal l y and pol i t i cal l y i mpor t ant , and i t i s i mpor t ant t o un-

der st and f ul l y t he i ssues t hat under l i e as eval uat i on of al t er nat i ve ways of

di st r i but i ng emi ssi on quot as . A cl ear pr ecedent f or t hi s r edi st r i but i ve ef f ect

of t he i nt r oduct i on of pr oper t y r i ght s at t he i nt er nat i onal l evel can be seen

i n t he Law of t he Sea conf er ence and t he i nt r oduct i on of 200 mi l e t er r i t or i al

l i mi t s i n t he wat er s of f a nat i on' s coast . The i nt r oduct i on of 200 mi l e l i m-

i t s est abl i shed nat i onal pr oper t y r i ght s wher e none pr evi ousl y exi st ed, and

t hese r i ght s coul d and f r equent l y wer e di st r i but ed by gover nment s t o domes-

t i c f i r ms . The i nt r oduct i on of t hese pr oper t y r i ght s i n of f shor e wat er af f ect ed

a ver y subst ant i al r edi st r i but i on of weal t h i nt er nat i onal l y .

Cl ear l y t he ai mof a TEQr egi me i s t o al t er consumpt i on and pr oduct i on

pat t er ns i nt er nat i onal l y . Any pol i cy desi gned t o al t er gl obal consumpt i on

pat t er ns wi l l af f ect t he l evel s and di st r i but i on of consumpt i on. Thi s i s par

t i cul ar l y t r ue i n t he case of car bon t axes and i n t he assi gnment and t r adi ng

of emi ssi on quot as, si nce bot h ai mat r est r i ct i ng t he use of ener gy, and ener gy

i s essent i al i n t he pr oduct i on of al l goods and ser vi ces . Ther e i s no way t o

r est r i ct count r i es' emi ssi ons wi t hout al t er i ng t hei r ener gy use, and t her ef or e

wi t hout al t er i ng t hei r pr oduct i on and consumpt i on pat t er ns . Ther ef or e t he

i mpl ement at i on of measur es t o decr ease car bon emi ssi ons wi l l have a si g-

ni f i cant i mpact on t he abi l i t y of di f f er ent gr oups and count r i es t o pr oduce

goods and ser vi ces f or t hei r own consumpt i on and f or t r ade. The di st r i bu-

t i onal i mpact of envi r onment al pol i cy i s t her ef or e a mat t er of maj or i mpor t .

Thi s makes t he anal ysi s of envi r onment al pol i cy par t i cul ar l y di f f i cul t because

di st r i but i ons consi der at i ons ar e t ypi cal l y t he ones wher e consensus i s of t en

most di f f i cul t t o achi eve.

The al l ocat i on of t he wor l d' s f i ni t e r esour ces among i ndi vi dual s or gr oups

i s a cent r al i ssue i n economi cs, and i ndeed by i t sel f i t pr act i cal l y def i nes t he

subj ect . Mar ket al l ocat i ons ar e of t en r ecommended on t he basi s of t hei r
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ef f i ci ency. Thi s means t hat i t i s not possi bl e t o r eal l ocat e r esour ces away

f r om a mar ket cl ear i ng al l ocat i on wi t hout maki ng someone wor se of f : t her e

i s no sl ack i n t he syst em. Mar ket ef f i ci ency r equi r es t hr ee key pr oper t i es of

mar ket s:

1 . mar ket s must be compet i t i ve,

2. t her e must be no ext er nal ef f ect s, i . e. , i n t he Pi gouvi an t er mi nol ogy

pr i vat e and soci al cost s must be equal , and i n t he Coasi an, t her e must

be pr oper t y r i ght s i n t he envi r onment ,

3. t he goods pr oduced and t r aded must be pr i vat e goods, namel y goods

whose consumpt i on i s " r i val " i n t he sense t hat what one per son con-

sumes cannot al so be consumed by ot her s .

I n such mar ket s t he out come i s ef f i ci ent no mat t er who owns what , t hat i s

t o say, t he ef f i ci ency of a mar ket al l ocat i on i s i ndependent of t he assi gnment

of pr oper t y r i ght s . Owner shi p pat t er ns ar e of gr eat i nt er est f or wel f ar e r ea

sons, and di f f er ent owner shi p pat t er ns l ead t o di f f er ent ef f i ci ent al l ocat i ons

wher e t r ader s achi eve di f f er ent l evel s of consumpt i on and t her e ar e di f f er ent

di st r i but i ons of i ncome. But owner shi p pat t er ns ar e of no i nt er est f or mar ket

ef f i ci ency as def i ned her e. The ef f i ci ency of t he mar ket under t hese condi -

t i ons, i ndependent l y of di st r i but i on, i s a cr uci al pr oper t y whi ch under l i es t he

or gani zat i ons of most moder n soci et i es .

Yet t he ef f i ci ency pr oper t i es whi ch make t he mar ket so val uabl e f or t he

al l ocat i on of pr i vat e goods f ai l when t he goods ar e publ i c i n nat ur e . Wi t h

such goods i t i s not possi bl e t o separ at e ef f i ci ency f r omdi st r i but i on . Agood i s

cal l ed publ i c when i t s consumpt i on i s not r i val ; when, t o t he cont r ar y, what

one per son consumes i s necessar i l y t he same as what al l ot her s consume.

The at mospher i c concent r at i on of car bon di oxi de i s a qui nt essent i al publ i c

good : i t i s t he same f or al l of uswe al l consume t he same amount ' . Cl assi c

7At mospher i c C02 i s an unusual publ i c good, i n t hat i t i s pr oduced pr i vat el y, unl i ke
cent r al l y- pr oduced ser vi ces such as def ense and l aw and or der . C02 i s pr oduced by t he
act i ons of i ndi vi dual s and f i r ms i n choosi ng t he f uel s t hat t hey use and t he amount s t hat
t hey use. Al t hough we al l consume t he same at mospher i c concent r at i on of C02, t he
i mpl i cat i ons of t hi s concent r at i on di f f er f r om count r y t o count r y, dependi ng on exposur e
t o t he har mf ul ef f ect s of cl i mat e change. Thi s does not mean t hat C02 concent r at i ons
i s not a publ i c good: i t means, r at her , t hat di f f er ent count r i es val ue t hi s publ i c good
di f f er ent l y.
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exampl es of publ i c goods ar e l aw and or der and def ense. I f t hese ar e pr ovi ded

f or one member of a communi t y, t hen t hey ar e pr ovi ded f or al l .

The publ i c good nat ur e of t he at mospher i c C02 i s a physi cal f act , der i ved

f r omt he t endency of car bon di oxi de t o mi x t hor oughl y and st abl y : t hi s f act

i s compl et el y i ndependent of any economi c or l egal i nst i t ut i ons . We can

t ax emi ssi ons, or assi gn r i ght s t o emi t gases and deci de how t hese can be

t r aded. But not hi ng changes t he physi cal f act t hat t he at mospher e i s a publ i c

good. Thi s si mpl e physi cal f act has pr of ound i mpl i cat i ons f or t he ef f i ci ency

of mar ket al l ocat i ons . I t changes mat t er s t o t he ext ent t hat ef f i ci ency and

di st r i but i on ar e no l onger di vor ced as t hey ar e i n economi es wi t h pr i vat e

goods : t hey ar e i n f act cl osel y associ at ed . I n economi es wi t h publ i c goods,

mar ket sol ut i ons ar e ef f i ci ent onl y wi t h t he appr opr i at e di st r i but i ons of i ni t i al

pr oper t y r i ght s . Why?

I t seems usef ul t o ar gue by anal ogy, t hi nki ng of t he mar ket wi t h a publ i c

good as f ar as possi bl e as a mar ket wi t h pr i vat e goods and checki ng wher e

t he anal ogy br eaks down . Thi s gi ves us a good cl ue about t he connect i on

bet ween ef f i ci ency and di st r i but i on i n economi es wi t h publ i c goods .

A mar ket ' s oper at i on r equi r es t hat each t r ader has a wel l def i ned i ni t i al

endowment s of goods : t he t r ader s' pr oper t y r i ght s . Thi s i s t he same wi t h or

wi t hout publ i c goods : f or exampl e t he pr oper t y r i ght s i n t he at mospher e ar e

t he t r ader ' s assi gned r i ght s t o use i t as a si nk f or t he emi ssi on of gr eenhouse

gases . Tr ader s pr oduce and t r ade goods f r eel y so as t o maxi mi ze t he ut i l i t y of

consumpt i on ; t he t r adi ng act i vi t y cont i nues unt i l a mar ket cl ear i ng al l ocat i on

i s r eached . Up t o t hi s poi nt , t he anal ogy bet ween mar ket s wi t h pr i vat e and

t hose wi t h publ i c goods hol ds i n ever y sense . However t hi s anal ogy br eaks

down at a cr uci al poi nt : mar ket cl ear i ng al l ocat i ons wi t h publ i c goods can

be shown t o have ver y di f f er ent pr oper t i es f r om t hei r pr i vat e count er par t s .

Thi s can be seen as f ol l ows .

When al l goods ar e pr i vat e, one expect s t hat di f f er ent t r ader s wi l l t ypi -

cal l y end up wi t h di f f er ent amount s of goods at a mar ket cl ear i ng equi l i br i um,

on account of t hei r di f f er ent t ast es and endowment s . Thi s i s i ndeed t he case,

and t he f l exi bi l i t y of t he mar ket i n assi gni ng di f f er ent bundl es of goods t o di f -

f er ent t r ader s i s cr uci al i n i t s abi l i t y t o r each ef f i ci ent sol ut i ons, because f or

ef f i ci ency t r ader s wi t h di f f er ent pr ef er ences shoul d never t hel ess r each con-

sumpt i on l evel s at whi ch r el at i ve pr i ces bet ween any t wo goods equal t he

mar gi nal r at e of subst i t ut i on bet ween t hose goods f or ever y t r ader , and al so
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equal t he r at e of t r ansf or mat i on bet ween t he t wo goods f or ever y pr oducer .

Thi s i s an enor mous t ask t o achi eve: i t i s t he decent r al i zed power of mar ket s

whi ch must be cr edi t ed wi t h t hi s coi nci dence of val ues at a mar ket cl ear i ng

al l ocat i on.

When one good i s publ i c, however , a physi cal const r ai nt emer ges : al l

t r ader s, no mat t er how di f f er ent , must consume t he same quant i t y of t hi s

good. Not by choi ce, but by physi cal l aws . I t i s not possi bl e f or t r ader s t o

consume di f f er ent at mospher i c qual i t i es, even i f t hey woul d wi sh t o do so

and even i f our economi c and l egal i nst i t ut i ons woul d al l ow i t . The qual i t y

of t he pl anet ' s at mospher e i s one and t he same f or al l t r ader s . Thi s i mposes

an addi t i onal const r ai nt , a r est r i ct i on whi ch does not exi st i n mar ket s wher e

al l goods ar e pr i vat e. Because of t hi s r est r i ct i on, some of t he adj ust ment s

needed t o r each an ef f i ci ent equi l i br i um ar e no l onger avai l abl e i n mar ket s

wi t h publ i c goods.

The number of i nst r ument s needed by t he mar ket t o r each an ef f i ci ent so-

l ut i on, namel y t he goods' pr i ces and t he quant i t i es consumed by al l t r ader s,

ar e t he same wi t h pr i vat e or publ i c goods . But wi t h a publ i c good t hese i n

st r ument s must nowper f or man addi t i onal t ask : at a mar ket equi l i br i umt he

quant i t i es of t he publ i c good demanded i ndependent l y by each t r ader must

be t he same, no mat t er how di f f er ent t he t r ader s ar e. I n addi t i on t o equal i z-

i ng pr i ces t o ever y t r ader s' mar gi nal r at es of subst i t ut i on and t r ansf or mat i on,

one mor e condi t i on must now be met : t he sumof t he mar gi nal r at es of sub-

st i t ut i on bet ween t he publ i c good and al l pr i vat e goods acr oss al l t r ader s

must equal t he r at e of t r ansf or mat i on and t he r el at i ve pr i ces . Thi s condi t i on

emer ges f r om t he si mpl e obser vat i on t hat one addi t i onal uni t of t he publ i c

good pr oduced benef i t s each and ever y t r ader si mul t aneousl y . The physi cal

r equi r ement of equal consumpt i on by al l i nt r oduces t her ef or e a f undament al

di f f er ence bet ween ef f i ci ency wi t h publ i c goods and ef f i ci ency wi t h pr i vat e

goods. Al l t hi s must be achi eved by t he mar ket i n a decent r al i zed f ashi on :

t r ader s must st i l l be abl e t o choose f r eel y maxi mi zi ng t hei r i ndi vi dual ut i l -

i t i es, and t her ef or e t he pr evi ous condi t i on of equat i ng each t r ader mar gi nal

r at e of subst i t ut i on and t r ansf or mat i on t o pr i ces must st i l l hol d. Ot her wi se

t he mar ket cl ear i ng al l ocat i on woul d not be ef f i ci ent . I n ot her wor ds : wi t h

publ i c goods t he mar ket must per f or mone mor e t ask" .

8Af ci onados of economi c t heor y wi l l not e t hat a T i ndahl equi l i br i um pr ovi des ext r a

i nst r ument s f or t hi s t ask, namel y ext r a pr i ces, by consi der i ng per sonal i zed pr i ces f or publ i c

22



An addi t i onal t ask cal l s f or addi t i onal i nst r ument s . Si nce t he mar ket wi t h

pr i vat e goods has pr eci sel y as many i nst r ument s as t asks, wi t h publ i c goods

new i nst r ument s must be enl i st ed . Some of t he economy' s char act er i st i cs

can nowbe adj ust ed t o meet t he new goal s . The t r ader s' pr oper t y r i ght s on

t he publ i c good, whi ch ar e t hei r r i ght s t o emi t gases i nt o t he at mospher e,

ar e a nat ur al i nst r ument f or t hi s pur pose, because t hey ar e i n pr i nci pl e f r ee

and undef i ned unt i l t he envi r onment al pol i cy i s consi der ed . By t r eat i ng t he

al l ocat i ons of t he at mospher e' s quot as as an i nst r ument , i . e . by var yi ng t he

di st r i but i on of pr oper t y r i ght s on t he at mospher e, i t i s gener al l y possi bl e

not onl y t o achi eve a mar ket cl ear i ng sol ut i on but al so one wher e t r ader s

choose f r eel y t o consume exact l y t he same amount of t he publ i c good . Wi t h

publ i c goods mar ket ef f i ci ency can be achi eved, but onl y wi t h t he appr opr i at e

di st r i but i on of pr oper t y r i ght s .

A.

	

Quot a Al l ocat i ons : Nor t h- Sout h aspect s

The physi cal const r ai nt i mposed by t he publ i c good i s f el t most acut el y

when t r ader s have r at her di f f er ent t ast es and endowment s . Tast es ar e of t en

di f f i cul t t o measur e, but di f f er ences i n endowment s ar e measur ed r eadi l y : na

t i onal account s pr ovi de of t en an adequat e appr oxi mat i on . I ncome di f f er ences

ar e ver y pr onounced i n t he wor l d economy, so t hat one may expect t hat t he

publ i c good pr obl emwi l l have a maj or ef f ect on mar ket ef f i ci ency .

For si mpl i ci t y one may di vi de t he wor l d i nt o a Nor t h and a Sout h, t he

i ndust r i al and t he devel opi ng count r i es r espect i vel y . I t i s pr et t y obvi ous t hat

endowment s of pr i vat e goods ar e much l ar ger i n t he Nor t h t han t hey ar e i n

t he Sout h; i n a compet i t i ve mar ket wi t h pr i vat e goods t hi s nat ur al l y l eads t o

ver y di f f er ent pat t er ns of consumpt i on and i s l i kel y t o emphasi ze t he i mpor -

t ance of di st r i but i onal consi der at i ons . The Nor t h Sout h di mensi on of C02

abat ement i s t her ef or e l i kel y t o be an i mpor t ant aspect i n t he eval uat i on of

envi r onment al pol i cy. Whi l e t hi s poi nt i s wi del y . under st ood i n t he cont ext

of pol i t i cal debat e bet ween i ndust r i al and devel opi ng count r i es negot i at i ons,

i t has not been cl ear unt i l r ecent wor k t hat t he pol i t i cal ar gument s have i n

f act an anal yt i cal under pi nni ng. Not onl y ar e di st r i but i onal i ssues f unda-

ment al t o achi evi ng pol i t i cal good wi l l and t o bui l di ng consensus . Because

goods . Redi st r i but i on of endowment s can subst i t ut e f or t he ext r a pr i ces i n a Li ndahl

equi l i br i um.
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of t he pr oper t i es of mar ket s wi t h publ i c goods, di st r i but i onal i ssues ar e al so

f undament al i n t he desi gn of pol i ci es whi ch ai mat mar ket ef f i ci ency. Mar ket

ef f i ci ency i s cr uci al i n r eachi ng pol i t i cal consensus : of t en negot i at i ons advance

by pr oduci ng sol ut i ons whi ch ar e pot ent i al l y f avor abl e t o al l . Pr oposi ng an

i nef f i ci ent sol ut i on means negl ect i ng pot ent i al avenues t o consensus . Thi s can

be a st r at egi c mi st ake i n negot i at i ons wher e t he achi evement of consensus i s

key .

B.

	

The di st r i but i on of quot as among count r i es

Fr omt he pr evi ous ar gument s i t f ol l ows t hat a j udi ci ous al l ocat i on of quo-

t as among count r i es must not be vi ewed sol el y as a pol i t i cal l y expedi ent mea-

sur e desi gned t o f aci l i t at e consensus . Nor shoul d i t be vi ewed as an at t empt

t o r each f ai r out comes at t he expense of ef f i ci ency, or at l east i ndependent l y

of ef f i ci ency . The appr opr i at e al l ocat i on of quot as wi t hi n a gi ven wor l d t ot al

of emi ssi ons, i s si mpl y an i nst r ument f or ensur i ng t hat compet i t i ve mar ket s

can r each ef f i ci ent al l ocat i ons . The f act t hat i t pl ays t hi s r ol e der i ves f r omt he

physi cal const r ai nt s t hat a publ i c good i mposes on mar ket f unct i oni ng . What

r emai ns t o be det er mi ned, however , i s t he par t i cul ar di st r i but i on of quot as

whi ch i s needed t o ensur e t hat t he mar ket sol ut i on wi l l be ef f i ci ent . Di st r i bu-

t i onal i ssues ar e del i cat e poi nt s i n any negot i at i on and t he f act t hat mar ket

ef f i ci ency i s i nvol ved makes t he poi nt appar ent l y mor e compl ex . I n r eal i t y,

however , i t can be seen t o i mpr ove t he dynami cs of t he negot i at i on pr ocess .

The r eason i s t hat t he connect i on bet ween di st r i but i on and ef f i ci ency means

t hat an ar gument about di st r i but i on i s not a zer o sumgame, as i t woul d be

i f al l t hat wer e i nvol ved wer e t he di vi si on of a f i xed t ot al bet ween compet i ng

past i es . Because some di st r i but i ons of quot as ar e ef f i ci ent and ot her s ar e not ,

some l ead t o a gr eat er t ot al wel f ar e t han ot her s and hence an oppor t uni t y

f or al l t o gai n r el at i ve t o t he ot her , i nef f i ci ent , di st r i but i ons9 . Her e we gi ve a

concept ual over vi ew of t he pr obl em: f or appl i cat i ons one needs i n addi t i ons

an anal yt i cal f r amewor k f or comput i ng sol ut i ons i n each speci f i c case. The

l at t er r equi r es f ur t her sci ent i f i c st udi es .

9Al t hough we cannot devel op t hi s poi nt her e, t hi s i s t r ue even i n a st r i ct l y second

best cont ext wher e t he t ot al emi ssi on l evel bei ng di st r i but ed bet ween count r i es i s not

one associ at ed wi t h an ef f i ci ent pat t er n of r eosur ce use over al l . I n f act , of cour se, t he

connect i on bet ween ef f i ci ency and di st r i but i on has l ong been known t o be cl ose i n t he

cont ext of second best pol i cy choi ces .
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Under cer t ai n mi ni mal condi t i ons a gener al r ecommendat i on can be r eached .

We shal l wor k under t he assumpt i on t hat al l count r i es have gener al l y si m-

i l ar pr ef er ences f or pr i vat e goods and f or envi r onment al asset s i f t hey have

compar abl e l evel s of i ncome . 11 Thi s i s of cour se consi st ent wi t h di f f er ent

t r ade- o$s bet ween pr i vat e and envi r onment al consumpt i on i n count r i es t hat

ar e at di f f er ent l evel s of i ncome. A second st andar d assumpt i on i s t hat t he

mar gi nal ut i l i t y of consumpt i on decr eases wi t h t he l evel of i ncome. Thi s

si mpl y means t hat an addi t i onal uni t of consumpt i on i ncr eases ut i l i t y l ess at

hi gher l evel s of consumpt i on t han i t does at l ower l evel s : addi ng one dol l ar ' s

wor t h of consumpt i on t o a per son wi t h meager r esour ces i ncr eases t he per -

son' s wel l - bei ng mor e t hat addi ng one dol l ar ' s wor t h t o t he consumpt i on of a

weal t hy i ndi vi dual . We assume al so t hat al l count r i es have access t o si mi l ar

t echnol ogi es, and t hat t hei r pr oduct i ve capaci t i es di f f er onl y as a consequence

of di f f er ences i n capi t al st ocks . Under t hese assumpt i ons, an ef f i ci ent al l oca-

t i on of t r adeabl e quot as wi l l r equi r e t hat poor count r i es be gi ven quot as i n

excess of t hei r cur r ent emi ssi on, and r i ch count r i es get quot as l ess t han t hei r

cur r ent emi ssi ons .

The pr evi ous r emar ks i mpl y t hat t he al l ocat i on of quot as may have t o

f avor devel opi ng count r i es pr opor t i onat el y mor e t han i ndust r i al count r i es i f

we seek mar ket ef f i ci ency. Thi s hol ds t r ue f or any t ot al t ar get l evel of emi s

si ons . However , i t seems r easonabl e t o enqui r e mor e gener al l y i f t her e i s

a connect i on bet ween t he di st r i but i on of i ncome and t he ef f i ci ent l evel of

emi ssi ons r eached. To answer t hi s quest i on one must consi der one mor e f act

about pr ef er ences bet ween pr i vat e and publ i c goods : t hat envi r onment al as-

set s ar e nor mal goods . Thi s i s ent i r el y r easonabl e: i t means t hat t he amount

one i s wi l l i ng t o spend on envi r onment al ameni t i es or asset s i ncr eases wi t h

t he l evel of one' s i ncome : t he mor e we ear n t he mor e we spend on ever y

nor mal good, i ncl udi ng of cour se on envi r onment al goods . The f i nal gener al

condi t i on i nvoked by our anal ysi s r equi r es per haps mor e t hought : i t i s t hat

envi r onment al asset s ar e necessar y goods . Thi s si mpl y means t hat whi l e t he

t ot al amount spent on envi r onment al asset s i ncr eases wi t h t he l evel of i n-

come, t he pr opor t i on of i ncome a per son i s wi l l i ng t o spend on envi r onment al

asset s i ncr eases as t he i ncome l evel dr ops . Thi s assumpt i on has been cor -

1 ° By t hi s we mean onl y t hat t hei r i ncome and pr i ce el ast i ci t i es of demand ar e of t he

same or der of magni t ude. We ar e r ul i ng out r adi cal l y di f f er ent val uat i ons of pr i vat e goods

and t he envi r onment .
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r obor at ed empi r i cal l y i n ever y known st udy i n t he US, Eur ope and Af r i ca,

al t hough such st udi es t ypi cal l y i nvol ve cont i ngent val uat i on t echni ques whi ch

can have weaknesses . " The assumpt i on can be t heor et i cal l y j ust i f i ed on t he

gr ounds t hat l ower i ncome peopl e ar e mor e vul ner abl e t o t hei r envi r onment

t han hi gher i ncome peopl e. The l at t er can af f or d t o choose or modi f y t hei r

envi r onment , whi l e t he f or mer cannot . For exampl e, a publ i c par k or access

t o pot abl e wat er ar e envi r onment al asset s t hat have r el at i vel y mor e val ue t o

l ower i ncome peopl e t han t hey do t o t hose who can af f or d t o bui l d t hei r own

par k or ar r ange t hei r own wat er access . Human bei ngs i n l ower i ncome coun-

t r i es ar e known t o be mor e vul ner abl e t o t he ef f ect s of gl obal war mi ng t han

t hose i n hi gher i ncome count r i es . We pr opose t her ef or e a pl ausi bl e f or mu-

l at i on of a f act whi ch has been est abl i shed wi t h r emar kabl e r egul ar i t y i n al l

known empi r i cal st udi es : t he i ncome el ast i ci t y of demand f or envi r onment al

asset s i s bet ween zer o and one ( most st udi es f i nd i t t o be about 0 . 3- - see t he

r ef er ences i n t he l ast f oot not e) .

Fr omt hese f act s i t i s possi bl e t o est abl i sh t hat a r edi st r i but i on of i ncome

t owar ds l ower i ncome i ndi vi dual s or count r i es wi l l gener al l y l ead t o an i m-

pr ovement i n t he wor l d' s emi ssi on l evel s, and gener al l y i n t he wor l d' s l evel

of envi r onment al pr eser vat i on. Thi s i s because when pr ef er ences ar e si mi -

l ar and t he i ncome el ast i ci t y of demand i s l ess t han one, a r edi st r i but i on of

i ncome i n f avor of l ower i ncome gr oups i mpl i es t hat r el at i vel y mor e i ncome

wi l l be al l ocat ed t o t he envi r onment al asset . I f t r ader s choose f r eel y, t hey

wi l l choose mor e pr eser vat i on: i n our case hi gher abat ement l evel s ar e t o be

expect ed when mor e r esour ces ar e assi gned t o t he l ower i ncome gr oups of

count r i es .

Ther e i s anot her f act or t hat must however be consi der ed . Thi s i s t hat

devel opi ng count r i es coul d be l ess ef f i ci ent i n t er ms of ener gy use and t her e-

f or e l ead t o mor e emi ssi ons as t hey gr ow. Thi s i s cer t ai nl y an i mpor t ant

concer n f or t he l ong r un f ut ur e, t hat i s t o say i n f i f t y year s or so . I ndeed,

i t seems t hat such concer ns shoul d dr i ve envi r onment al pol i cy t oday. Ever y

ef f or t must be made t o hel p pr event devel opi ng count r i es f r om adopt i ng t he

pat t er ns of envi r onment al over use of i ndust r i al count r i es as t hey gr ow.

" Thi s has nowbeen dommeat ed i n al ar ge number of st udi es i n many di f f er ent count r i es-

Agood r ef er ence i s t he r ecent paper by Kr i st r om. i s
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V.

	

The Desi gn of t he Mar ket

A.

	

Tr ansact i on and i mpl ement at i on cost s

Any pol i cy has cer t ai n i mpl ement at i on cost s associ at ed wi t h i t .

ar e r at her di f f er ent i n nat ur e f or t he t wo pol i cy al t er nat i ves under

her e. For a t r adeabl e quot a r egi me, t he cost s ar e :

1 . t he cost s of est abl i shi ng and mai nt ai ni ng a mar ket

2 . t he cost s of t r ansact i ng i n t he mar ket

3 . t he cost s of moni t or i ng and ensur i ng compl i ance wi t h t he pol i cy.

For a car bon t ax r egi me, one has as cost cat egor i es

1 . t he cost s of col l ect i on, and, as above

2 . t he cost s of moni t or i ng and ensur i ng compl i ance wi t h t he pol i cy .
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r evi ew

Cost s of a t r adeabl e quot a syst em The cost s of est abl i shi ng and mai n-

t ai ni ng a mar ket ar e f i xed cost s, i . e . , cost s t hat ar e l ar gel y i ndependent of t he

si ze of t he mar ket and t he vol ume of busi ness conduct ed i n i t . An ef f ect i ve

mar ket r equi r es a l egal and cont r act ual f r amewor k whi ch def i nes t he com-

modi t y t o be t r aded, est abl i shes t he cont r act ual obl i gat i ons of t he par t i es

t o a t r ade, and set s out payment and set t l ement mechani sms. The cost s of

est abl i shi ng such a f r amewor k ar e l i kel y t o be l ar ge i n t he f i r st pl ace : as t hey

ar e i ndependent of t he vol ume of t r ansact i ons, t hey wi l l be subst ant i al on a

per t r ade basi s f or l ow t r adi ng vol umes, but wi l l become qui t e accept abl e per

t r ade i f , as seems l i kel y, t he vol ume of t r ansact i ons event ual l y r i ses t o sev-

er al $US bi l l i on per year . They ar e t her ef or e pr obabl y not a maj or f act or i n

t he choi ce of pol i cy r egi me- t hough i t must be emphasi zed t hat a successf ul

mar ket does r equi r e r egul at i on and a good l egal i nf r ast r uct ur e . 12

The cost s of t r ansact i ng i n t he mar ket , of buyi ng and sel l i ng, depend

on t he nat ur e of t he mar ket and on i t s l i qui di t y . I n some t r adeabl e quot a

12 The secur i t i es mar ket s of t he US, by gener al agr eement t he most act i ve and open i n t he

wor l d, ar e heavi l y r egul at ed and managed by t he Secur i t i es and Exchanges Commi skon.



mar ket s, t hese have been qui t e hi gh : St avi ns" ci t es a f i gur e i n some cases as

hi gh as $25, 000 per t r ansact i on ( on t r ansact i ons whi ch ar e val ued at mi l l i ons

of dol l ar s) . Such hi gh f i gur es occur r ed because pr i or t o t he devel opment of

t he Chi cago S02 quot a mar ket , mar ket s wer e decent r al i zed and oper at ed

vi a br oker s act i ng as i nt er medi ar i es . The r ol e of t he br oker s was t o br i ng

t oget her buyer s and sel l er s, so t hat t hey cl ai med an i nt r oduct i on f ee as wel l

as a buy- sel l spr ead . The t r ansact i on cost s on t he Chi cago mar ket ar e now

ver y much l ess, and ar e of t he same or der as t r ansact i on cost s i n or gani zed

f i nanci al mar ket s. Such cost s ar e l ow enough not t o be a maj or f act or i n t he

eval uat i on of a t r adeabl e quot a r egi me .

Ther e i s one i mpor t ant gener al obser vat i on about t he cost s of t r adeabl e

emi ssi on quot a r egi mes : t hi s i s t hat t her e i s a t r ade- of f bet ween t he si ze of

t r ansact i ons cost s i n t he mar ket and t he l evel of t he i ni t i al i nvest ment i n

mar ket i nf r ast r uct ur e . The poi nt her e i s t hat t he l ar ger i s t he i ni t i al i n-

vest ment i n est abl i shi ng a t r anspar ent wel l - r un mar ket open t o al l woul d- be

t r ader s, t he smal l er ar e t he per t r ansact i on cost s when t he mar ket i s oper -

at i ng . The r eason i s t hat a wel l r un cent r al i zed mar ket obvi at es t he need t o

pay br oker s and ot her i nt er medi ar i es t o f i nd count er par t i es t o a t r ansact i on :

i t al so gr eat l y r educes t he cost s of set t l i ng a t r ansact i on, and by pr ovi di ng a

st andar d l egal f r amewor k and est abl i shi ng cont r act ual r el at i onshi ps bet ween

t r adi ng past i es and t he mar ket r educes t he r i sks associ at ed wi t h possi bl e

f ai l ur e of a count er par t y t o a t r ade t o per f or m t hei r par t of t he deal . I n

i nf or mal mar ket s char act er i zed by bi l at er al bar gai ns t hese r i sks have hi st or -

i cal l y been consi der abl e . Awel l - r un mar ket pr ovi des a suppl y of t r ader s, a

cont r act ual f r amewor k t hat t ni ni r ni ~es non- payment and non- del i ver y r i sks

and an or gani zed payment and set t l ement syst em.

The cost s of moni t or i ng and ver i f yi ng compl i ance ar e much t he same

under ei t her pol i cy r egi me: t hese ar e t he cost s of ver i f yi ng t hat a quot a i s

opened, or a t ax pai d, f or each uni t of C02 emi t t ed. As di scussed bel ow, t hi s

wi l l t ypi cal l y not r equi r e t he measur ement and r ecor di ng of each uni t of C02

emi t t ed: a compl i ance syst em wi l l t ypi cal l y r equi r e quot as t o be pur chased,

or t axes pai d, at t he whol esal e l evel . I t wi l l r equi r e pr oducer s of gas, coal

and r ef i ned pet r ol eumpr oduct s t o compl y wi t h t he pr ovi si ons of a t r adeabl e

quot a or t ax r egi me, on t he pr i nci pl e t hat t he over whel mi ng maj or i t y of

car bon- based f uel s t o r each end user s wi l l pass t hr ough t hese channel s . Such

an appr oach wi l l l i mi t t he number of sour ces t o be moni t or ed t o a number
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i n t he hundr eds or at most t housands .

The cost s of a t ax r egi me The i nf r ast r uct ur e needed t o i mpl ement a

r egi me of car bon t axes i s qui t e convent i onal r el at i ve t o t hat r equi r ed f or a

t r adeabl e quot a r egi me, and i s of a t ype al r eady possessed by al most ever y

gover nment . I t i s essent i al l y t he admi ni st r at i ve appar at us need t o admi n-

i st er a f uel t ax, whi ch i s al r eady i n pl ace i n many count r i es . The cost s of

moni t or i ng compl i ance wi t h a t ax r egi me ar e t he same as t hose of moni t or i ng

compl i ance wi t h a t r adeabl e quot a r egi me and have been di scussed above.

Pr i vat e sect or i nvol vement i n i mpl ement at i on The gover nment s of

most count r i es wi l l pr obabl y f i nd i t easi er t o i mpl ement car bon t axes t hat

t r adeabl e quot as . However , i t i s possi bl e t hat pr i vat e sect or f i nanci al i n-

st i t ut i ons wi l l be wi l l i ng t o or gani ze and pr ovi de much of t he i nst i t ut i onal

f r amewor k needed f or a t r adeabl e quot a r egi me, i n exchange f or t he r i ght

t o par t i ci pat e as br oker s and mar ket - maker s i n t he r esul t i ng mar ket s . I n

f i nanci al mar ket s, such r i ght s t o par t i ci pat e ar e val uabl e : i n many cases t he

mar ket s ar e f i nanced by char gi ng member shi p f ees t o t he f i nanci al i nst i t u-

t i ons who subsequent l y become t he key par t i ci pant s . Sever al maj or pr i vat e

sect or i nt er nat i onal f i nanci al i nst i t ut i ons have al r eady i ndi cat ed i nt er est i n

becomi ng par t i ci pant s i n a gl obal C02 t r adeabl e emi ssi ons quot a mar ket .

$.

	

The or gani zat i on of quot a mar ket s

For t he f ul l economi c pot ent i al of a r egi me of t r adeabl e emi ssi on quot as

t o be r eal i zed, t he mar ket f or t r adeabl e quot as must be compet i t i ve, f r ee of

mani pul at i on, and gi ve al l woul d- be t r ader s equal access t o i nf or mat i on . I t

must al so pr ovi de mechani sms f or hedgi ng pr i ce uncer t ai nt y . The i ssue of

hedgi ng mechani sms i s addr essed bel ow: t hi s sect i on f ocuses on i ssues asso-

ci at ed wi t h t he nat ur e of compet i t i on i n quot a mar ket s and t he or gani zat i on

of access t o t hese mar ket s .

A key i ssue i s whet her t he number of t r ader s i n t hese mar ket s wi l l be

l ar ge enough t o ensur e compet i t i on, and whet her any of t he t r ader s wi l l

have t he power t o domi nat e t he mar ket . These i ssues ar e i n t ur n l i nked t o

t he quest i on of who par t i ci pat es i n t he t r adeabl e quot a mar ket s . Ther e ar e

sever al possi bi l i t i es her e, wi t h mi xt ur es of t hemal so possi bl e:



i nt er nat i onal quot a mar ket s wi l l be i nt er - gover nment al mar ket s, pur el y

f or t he r edi st r i but i on of quot as bet ween count r i es. Par t i ci pat i on woul d

be open onl y t o desi gnat ed gover nment agenci es . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

" i nt er nat i onal quot a mar ket s wi l l be open t o al l f i r ms i n al l count r i es,

est abl i shi ng a t r ul y gl obal mar ket f or C02 emi ssi on quot as .

" t he i nt er nat i onal mar ket wi l l be open onl y t o gover nment s, but wi l l

be suppl ement ed by domest i c quot a mar ket s wi t hi n whi ch f i r ms i n a

count r y t r ade t he quot as t hat have been i ssued t o or pur chased by i t s

gover nment .

I n t er ms of est abl i shi ng a t r ul y compet i t i ve mar ket , t he second opt i on

her e- i nt er nat i onal mar ket s open t o al l comer s- woul d be t he best . Such an

appr oach woul d however r ai se quest i ons about t he abi l i t y of gover nment s t o

i mpl ement nat i onal pol i ci es, as i t woul d al l ow t he t r ansf er of per mi t s bet ween

count r i es wi t hout any gover nment appr oval .

The i ssue of whet her f i r ms i n a count r y shoul d be f r eel y abl e t o expor t

or i mpor t t r adeabl e quot as i s a compl ex one. Many gover nment s wi l l have

an i nst i nct i ve r eact i on t o r est r i ct t hi s abi l i t y and r et ai n cont r ol of t he t ot al

number of quot as i n t hei r count r y. Ther e woul d i n f act be no r eason f or

r est r i ct i ons on t he expor t or i mpor t of quot as i f , and onl y i f , i t wer e cl ear

t hat mar ket pr i ces r ef l ect ed f ul l y t he soci al val ue of a t r adeabl e C02 quot a

t o a count r y. I n t hi s case t he expor t of an emi ssi on quot a f r om a count r y

woul d gi ve i t an amount of cash whi ch f ul l y compensat ed f or t he l oss of t he

quot a.

Unf or t unat el y t her e ar e l i kel y t o be many ci r cumst ances wher e t hi s con-

di t i on i s not f ul f i l l ed. For exampl e, a devel opi ng count r y gover nment mi ght

f eel t hat t he cur r ent mar ket pr i ce of an emi ssi on quot a does not r ef l ect t he

val ue t o i t of t hat quot a at some f ut ur e dat e when i t s i ndust r i al i zat i on st r at -

egy i s f ur t her advanced and i t s emi ssi ons of C02 consequent l y much gr eat er ,

and i t may t her ef or e wi sh t o accumul at e quot as not cur r ent l y needed f or f u-

t ur e use. An al t er nat i ve st r at egy, f easi bl e i f t her e i s a l i qui d f ut ur es mar ket

f or quot as, woul d be f or t he count r y i n such a posi t i on t o al l ow t he sal e of

cur r ent quot as and at t he same t i me t o make f or war d pur chases t o cover

ant i ci pat ed f ut ur e needs.

I n an act i ve mar ket , one woul d expect t o see " mat ur i t y swaps" devel oped

t o pr ovi de pr eci sel y t hi s ser vi ce: equi val ent swaps ar e r out i ne i n gover nment
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debt mar ket s, and ar e al so avai l abl e i n t he Chi cago mar ket f or S02 quot as :

t her e a ut i l i t y wi t h a sur pl us of quot as f or t he near f ut ur e and a def i ci t f or

t he l onger t er mmay swap t he sur pl us near - t er mper mi t s f or per mi t s of f ut ur e

val i di t y.

Ther e ar e sever al possi bl e model s of what mi ght ul t i mat el y emer ge i f a

gl obal t r adeabl e quot a pol i cy i s adopt ed. One i s a t wo- t i es mar ket syst em.

I n t hi s case one mi ght see r egi onal mar ket s i n such ar eas as Nor t h Amer i ca,

West er n Eur ope and Sout h Amer i ca, wi t h al l f i r ms and gover nment s i n a

r egi on f r ee t o t r ade on t he r egi onal mar ket , and t hen a gl obal mar ket i n

whi ch onl y gover nment s or r egi onal aut hor i t i es t r ade t o al t er t he di st r i but i on

of quot as bet ween r egi ons .

An al t er nat i ve woul d be a gl obal mar ket i n whi ch some gover nment s

al l ow domest i c f i r ms t o t r ade di r ect l y on t he gl obal mar ket s and expor t or

i mpor t quot as f r eel y, and ot her gover nment s r est r i ct t he r i ght t o t r ade on

t he gl obal mar ket . I n such a case, t he maj or i ndust r i al count r i es mi ght be

expect ed t o per mi t any domest i c f i r ms t o t r ade on t he gl obal quot a mar ket ,

whi l e devel opi ng count r y gover nment s mi ght exer ci se mor e cont r ol over t he

i mpor t and expor t of quot as . They coul d f or exampl e i mpose t ar i f f s on t r ade

i n quot as, r equi r i ng expor t i ng . f i r ms t o pay a f r act i on of t he r evenues f r om

expor t s i nt o a nat i onal t r adeabl e quot a bank, or r equi r e expor t l i censes .

Fr omt he per spect i ve of ensur i ng a compet i t i ve mar ket wi t h i ncent i ves f or

br oker s t o i nnovat e i n t he pr oduct i on of i nst r ument s such as swaps, f ut ur es

and opt i ons, t he l ast r egi me i s cl ear l y t he best .

C.

	

Desi gn of t he t r adeabl e quot a

What exact l y i s t he obj ect t o be t r aded i n a mar ket f or t adeabl e emi s-

si ons per mi t s? The f undament al sour ce of possi bl e cl i mat e change i s t he

st ock of C02 i n t he ear t h' s at mospher e: t he l ar ger t hi s i s, t he l ar ger i s t he

chance of a si gni f i cant change i n t he cl i mat e . So t he ul t i mat e obj ect i ve of

economi c pol i ci es i s f i r st t o st abi l i ze and t hen t o r educe t he st ock of C02 i n

t he at mospher e. Ther e i s a nat ur al C02 cycl e i n t he envi r onment : human

act i vi t y emi t s CO2, whi ch i s r emoved f r omt he at mospher e ei t her by sol ut i on

i n t he oceans or by phot osynt hesi s by gr een pl ant s, a pr ocess whi ch t ur ns

CO2 i nt o ener gy f or t he pl ant and i nt o oxygen whi ch i s emi t t ed i nt o t he

ai r . So t o st abi l i ze and t hen r educe t he st ock of C02 i n t he at mospher e, t he
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emi ssi on of C0 2 has t o be r educed bel owt he r at e at whi ch i t i s r emoved f r om

t he at mospher e by sol ut i on i n t he oceans and phot osynt hesi s . One par t of

a pol i cy st r at egy may be t o i ncr ease t he r at e of r emoval by phot osynt hesi s,

whi ch can be af f ect ed by t he pr eser vat i on and ext ensi on of f or est s . I n pr i nci -

pl e, t hen, a pol i cy has t o di scour age t he emi ssi on of C02 and encour age i t s

absor pt i on .

What ar e t he i mpl i cat i ons of t hi s f or t he nat ur e of t r adeabl e quot as?

Damage i nf l i ct ed depends upon t he st ock of C02 i n t he at mospher e, and

not on t he f l ow of C02 i nt o t he at mospher e. The r at e of emi ssi on of a

gi ven t ot al i s much l ess i mpor t ant t hat t he si ze of t he t ot al : i t i s of l i mi t ed

concer n whet her a gi ven amount of C02 i s emi t t ed at a gr eat r at e over one

mont h, or much mor e sl owl y over a year or mor e. Quot as shoul d t her ef or e

gover n t he t ot al amount of C02 t o be emi t t ed over some i nt er val , not t he

r at e of emi ssi on . Thi s means t hat a f i ve- year quot a f or say 100, 000 t ons of

C02 ent i t l es t he hol der t o emi t a t ot al of 100, 000 t ons i n any t i me pat t er n

what soever over t he f i ve year val i di t y of t he quot a: i t i s not a r i ght t o emi t

20, 000 t ons annual l y f or f i ve year s . The 100, 000 coul d al l be emi t t ed i n t he

f i r st mont h, or i n t he l ast mont h. The t i mi ng of emi ssi on mi ght mat t er onl y i n

one r espect . Thi s i s t hat t he soci al cost s i mposed on t he gl obal communi t y

by an i ncr ement al uni t of emi ssi on may be l ess when t he st ock of C02 i n

t he at mospher e i s l ess : i n t he l i mi t , i f t he st ock i n t he at mospher e wer e t o

r et ur n t o pr e- i ndust r i al l evel s, t her e woul d be no soci al cost s of emi ssi on not

r ef l ect ed i n t he pr i vat e cost s . However , wi t hi n t he f or eseeabl e f ut ur e t hi s i s

l i kel y t o be an i nsi gni f i cant ef f ect , and i t seems saf e t o assume t hat wi t hi n

f i ve t o t en year i nt er val s t he t i mi ng of emi ssi on i s i r r el evant t o t he economi c

si gni f i cance of t he emi ssi on .

Romt he per spect i ve of a f i r m, however , t her e ar e i mpor t ant i ssues r el at ed

t o t he t i mi ng of t he emi ssi ons al l owed by a quot a and t he dur at i on of t he

quot a. Af i r mseeks t o choose t he l east - cost t echnol ogy f or a cer t ai n pur pose.

Suppose f or exampl e t hat a ut i l i t y sel ect s oi l as t he l east cost ener gy sour ce on

t he basi s of pr esent and ant i ci pat ed ener gy pr i ces and pr i ces of C02 emi ssi ons

per mi t s . Then by const r uct i ng an oi l - f i r ed power st at i on i t wi l l be maki ng

a t went y t o t hi r t y year commi t ment on t he basi s of t hese pr i ces, and wi l l

wi sh t o ` l ock i n" t hese pr i ces t o t he gr eat est degr ee possi bl e. I n t he case

of emi ssi on quot as, t hi s coul d be f aci l i t at ed by t he r egul at or y r egi me i n one

of t wo ways : one way i s t o gi ve quot as a t went y t o t hi r t y year l i f e, so t hat
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quot as pur chased now by t he ut i l i t y at cur r ent pr i ces wi l l r emai n val i d over

t he l i f e of t he power st at i ons t hat i t i nt ends t o bui l d . An al t er nat i ve way

i s t o gi ve shor t er l i f e- spans t o t he quot as- per haps f i ve t o t en year sbut

est abl i sh f ut ur es mar ket s i n quot as so t hat t he ut i l i t y can l ock i n a suppl y of

quot as f or t he l i f e of i t s power st at i on t oday at known pr i ces .

Fr omt he r egul at or y per spect i ve, . t her e i s a di f f er ence bet ween t hese t wo

appr oaches, i . e . , bet ween gi vi ng l ong- l i ved quot as or est abl i shi ng f ut ur es mar -

ket s i n shor t er - l i ved quot as . The l at t er appr oach gi ves mor e f l exi bi l i t y . I n

par t i cul ar , i t al l ows changes i n t he di st r i but i on of quot as . As di scussed bel ow,

t he al l ocat i on of C02 emi ssi on quot as bet ween count r i es i s a pol i t i cal l y com-

pl ex and i mpor t ant i ssue, and i t i s qui t e possi bl e t hat i t mi ght be appr opr i at e

t o al t er t hi s al l ocat i on over t i me, f or - exampl e by shi f t i ng t he di st r i but i on of

quot as over t i me t owar ds t he devel opi ng count r i es . I f quot as have a l i f e of

t went y year s, a di st r i but i on cannot be changed wi t hi n t hi s t i me span: i f t hey

have a t en year l i f e, t hen af t er t en year s a new set of quot as can be di s-

t r i but ed accor di ng t o di f f er ent r ul es . One r emar k t hat shoul d be made about

t hi s possi bi l i t y, i s t hat i f t her e ar e shor t - l i ved quot as and uncer t ai nt y about

t he f ut ur e di st r i but i on of quot as, t hi s woul d l ead t o uncer t ai nt y about t he

f ut ur e pr i ces of quot as . Count r i es uncer t ai n of t hei r f ut ur e al l ocat i ons woul d

not know whet her t hey woul d be net buyer s or sel l er s, so t hat f ut ur e pr i ces

coul d not be est abl i shed . So i f quot a di st r i but i ons wer e t o be al t er ed over

t i me, i t shoul d i deal l y be accor di ng t o a pr e- announced st r at egy.

D. Enf or cement f r amewor k

1 . Moni t or i ng compl i ance

Ther e ar e t wo aspect s t o an enf or cement f r amewor k. One i s t he moni t or -

i ng of compl i ance wi t h t he r egul at or y f r amewor k and det ect i ng vi ol at i ons .

The ot her i s r espondi ng t o vi ol at i ons i n a way whi ch ensur es t hat i t i s al ways

i n t he i nt er est s of par t i ci pant s t o compl y.

The f i r st of t hese aspect s i s by f ar t he mor e st r ai ght f or war d of t he t wo.

Ar r angement s f or moni t or i ng compl i ance have been ment i oned sever al t i mes.

I n. par t i cul ar , we have made t he poi nt t hat t o moni t or over al l compl i ance i t

i s not necessar y t o moni t or ever y possi bl e i ndust r i al sour ce of C02 . I t wi l l

be suf f i ci ent t o moni t or t he sal es of t he maj or di st r i but or s of car bonbased

f uel s, i . e . , t he maj or di st r i but or s of gas, oi l and coal . These ar e l i mi t ed i n



number and f ai r l y pr omi nent . Pr ovi ded t hat t he sal es of f ossi l f uel s by t hese

agent s ar e wi t hi n a count r y' s quot a, t he t ot al use of such f uel s much al so be

wi t hi n t he quot a . These di st r i but or s ar e of cour se not t he ul t i mat e user s of

f ossi l f uel s, and so ar e not r esponsi bl e f or bur ni ng t hemand emi t t i ng C02 .
They woul d t her ef or e not be r equi r ed t o hol d per mi t s, but never t hel ess t hei r

out put s woul d pr ovi de a good gui de t o t he t ot al emi ssi ons of C02 . TEQs
woul d be needed and t r aded by t hei r cust omer s . I n f act , est i mat es of t he

consumpt i on of t he var i ous car bon- based f uel s i n each count r y ar e al r eady

avai l abl e f r om dat a on pr oduct i on, i mpor t , expor t and i nvent or i es . Such dat a

i s avai l abl e t o i nt er nat i onal agenci es, and woul d be di f f i cul t t o f al si f y t o a

si gni f i cant degr ee .

I t i s al so possi bl e t o moni t or f ai r l y r eadi l y t he pr eser vat i on of car bon

di oxi de si nks such as f or est s and ot her l ar ge ar eas of veget at i on . The ext ent

of t hese can be obser ved and measur ed f r omsat el l i t e pi ct ur es : i n f act , t hese

ar e t he mai n sour ces of i nt er nat i onal l y- agr eed dat a i n t hi s ar ea t oday .

Ther e i s t her ef or e t he capaci t y t o moni t or annual emi ssi ons and absor p-

t i ons of C02 by count r i es . However , as not ed i n t he pr evi ous sect i on, emi ssi on

quot as shoul d not i n gener al speci f y an annual emi ssi on r at e: t hey shoul d

speci f y a t ot al of emi ssi ons over a mul t i - year l i f e . I f al l t he quot as i n a

count r y have t he same val i di t y dat esf or exampl e, al l ar e val i d f r om 1995

t o 2005- t hen t hi s does not compl i cat e mat t er s : i t i s decadal r at her t han

annual emi ssi ons t hat ar e moni t or ed.

I f t he l i ves of quot as ar e not synchr oni zed, mat t er s coul d be mor e di f f i cul t .

Consi der f or exampl e a count r y wi t h t wo ut i l i t i es usi ng quot as : one has a

quot a val i d f r om 1995 t o 2000 f or a t ot al emi ssi on of 0. 5 mi l l i on t ons, and

a quot a val i d f r om 2000 t o 2010 f or 1 mi l l i on t ons . The ot her ut i l i t y has

a 1 mi l l i on t on quot a f r om 1995 t o 2005 and a 0 . 5 mi l l i on t on quot a f r om

2005 t o 2010. I h t hi s case, emi ssi on f r om 1995 t o 2000 coul d l egi t i mat el y be

anywher e i n t he r ange f r om 0 . 5 mi l l i on t ons t o 1 . 5 mi l l i on t ons . The upper

end of t he r ange woul d occur i f t he second ut i l i t y used al l of i t s 1995 t o 2005

quot a i n t he f i r st f i ve year s of i t s l i f e. I t i s pr obabl e t hat wi t h l ar ge number s

of quot a- usi ng, f i r ms such. ef f ect s woul d be l ess si gni f i cant i n t he aggr egat e:

i t i s al so l i kel y t o be t he case t hat t he l i ves of quot as wi l l be synchr oni zed.



2 .

	

Enf or ci ng compl i ance

The enf or cement of an i nt er nat i onal agr eement cl ear l y poses ser i ous pr ob-

l ems, al t hough t her e ar e many pr ecedent s f or mul t i - nat i onal agr eement s

whi ch have been r espect ed by t hei r si gnat or i es . These i ncl ude t he Mon

t r eal Pr ot ocol on Subst ances t hat Depl et e t he Ozone Layer , and t he Nucl ear

Non- Pr ol i f er at i on ' Meat y, bot h of whi ch l i mi t ei t her envi r onment al emi ssi ons

or nat i onal sover ei gnt y over power sour ces and t her ef or e have some el ement

i n common wi t h a t r eat y on gl obal war mi ng . A gl obal war mi ng t r eat y woul d

however be much mor e f ar - r eachi ng t han ei t her of t hese .

Ul t i mat el y, enf or cement coul d onl y be achi eved by a combi nat i on of en-

l i ght ened sel f - i nt er est and di pl omat i c and economi c pr essur es : t he i nt er na-

t i onal communi t y has no ef f ect i ve l egal sanct i ons whi ch coul d be used t o en

sur e compl i ance. Economi c pr essur es woul d be exer t ed t hr ough i nt er nat i onal

agenci es and pat t er ns of i nt er nat i onal t r ade: di pl omat i c pr essur es t hr ough

t he usual di pl omat i c sour ces . The successf ul i mpl ement at i on of a br oadl y-

based gl obal war mi ng t r eat y woul d unquest i onabl y pose new chal l enges t o

t he i nt er nat i onal communi t y, and set an i mpor t ant pr ecedent f or pl anet ar y

cooper at i on on envi r onment al mat t er s . Successf ul i mpl ement at i on i s r el at ed

t o t he nat ur e of t he count r i es whi ch agr ee t o par t i ci pat e i n t he t r eat y : i n t he

next sect i on we ar gue t hat t he i ncent i ves t o compl y i ncr ease wi t h t he number

of par t i ci pant s, and i ndeed t hat wi t h suf f i ci ent par t i ci pat i on compl i ance wi l l

be i n each count r y' s sel f i nt er est .

E.

	

Par t i ci pat i ng count r i es

Howmany count r i es, and whi ch count r i es, have t o r at i f y a gl obal war mi ng

t r eat y f or i t t o be wor t h i mpl ement i ng i n t he sense t hat i t wi l l make a r eal

di f f er ence t o t he t hr eat of cl i mat e change? Per haps mor e i mpor t ant , how

many count r i es have t o r at i f y such a t r eat y f or t he si gnat or i es t o f eel t hat

t hey wi l l al l gai n f r om t he t r eat y and t hat i t j ust i f i es t hei r suppor t and

commi t ment ? Thi s i s cl osel y r el at ed t o t he i ssue of enf or cement di scussed i n

t he pr evi ous subsect i on .

Ther e ar e sever al anal yt i cal i ssues behi nd t hese quest i ons. Agl obal war m-

i ng t r eat y i s unl i kel y t o have t he par t i ci pat i on of al l count r i es as soon as i t

st ar t s : i t i s l i kel y t o begi n wi t h l i mi t ed par t i ci pat i on and t o gai n suppor t

over t i me. The gr oup of count r i es t hat st ar t s t he t r eat y must t her ef or e be



such t hat t hey al l f eel t hat t he gr oup i s dur abl e, and t hat t he gr oup wi l l

cont i nue t o abi de by t he t r eat y f or l ong enough f or wi despr ead suppor t t o

bui l d up . Whet her or not t hi s condi t i on i s met , depends ver y much on t he

si ze and composi t i on of t he i ni t i al gr oup.

A key i ssue her e i s t hat t he gai ns t o al l count r i es f r ompar t i ci pat i on i n a

gl obal war mi ng t r eat y depend on and i ncr ease wi t h t he number and si ze of

t he par t i ci pat i ng count r i es. The cost s t o each count r y of par t i ci pat i on al so

f al l as t he number of par t i ci pant s i ncr eases . Ther e i s a sense i n whi ch t her e

ar e economi es of scal e i n t he f or mat i on of such agr eement s . Ther e ar e t wo

key poi nt s her e.

One i s t hat when a count r y cut s back i t s emi ssi on of C02, i t al one pays

t he cost s of t hi s abat ement : however , benef i t s accr ue t o al l ot her count r i es

t hat woul d be negat i vel y af f ect ed by cl i mat e change, because cl i mat e change,

i f i t occur s, wi l l be wor l d- wi de . I t f ol l ows t hat i f one count r y abat es C02

emi ssi on on i t s own, i t wi l l cl ear l y be a net l oser f r omt hi s : i t wi l l meet al l of

t he cost s, and many ot her count r i es wi l l shar e t he benef i t s wi t h i t . Suppose

however t hat a gr oup of count r i es agr ee j oi nt l y t o abat e car bon emi ssi ons :

t he cost s of each count r y' s abat ement , as bef or e, ar e bor ne by t hat count r y,

but each count r y now gai ns not onl y f r omi t s own abat ement but al so f r om

t hat of al l of t he ot her par t i ci pat i ng count r i es. The r at i o of benef i t s t o cost s

i s now much mor e f avor abl e : t he cost s t o each count r y ar e unchanged, and

t he benef i t s t o each count r y ar e mul t i pl i ed by t he number of par t i ci pat i ng

count r i es .

I n f act , and t hi s i s t he second poi nt l eadi ng t o scal e ef f ect s i n t he f or mat i on

of abat ement agr eement s, count r i es' cost s may act ual l y be r educed i f t he

abat ement i s par t of a si mul t aneous pol i cy move by sever al count r i es . One

of t he mai n cost s of C02 abat ement i s t he devel opment of new t echnol ogi es,

and i f t hi s i s done col l abor at i vel y by sever al count r i es each may f ace a l ower

i ndi vi dual abat ement cost . Ther e i s cl ear evi dence of t hi s i n t he case of

unl eaded vehi cl e f uel s : once r ef i ni ng pr act i ces and engi ne desi gns t o cope

wi t h t hese had been devel oped i n t he Uni t ed St at es ( at consi der abl e cost s) ,

t hese t echnol ogi es coul d be depl oyed by t he compani es t hat devel oped t hem

i n ot her count r i es at l i t t l e or no i ncr ement al cost .

I t f ol l ows f r om t hi s t hat t her e i s a " cr i t i cal mass" i ssue i n f or mi ng t he

i ni t i al gr oup of si gnat or i es of a C02 abat ement t r eat y 13 : t he gr oup has t o

i s3` hi s poi nt i s devel oped i n Heal , ai . 12
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be bi g enough ( si ze her e i s measur ed i n t er ms of t he f r act i on of gl obal C02

emi ssi ons cont r ol l ed) t hat t he gai ns t o each count r y f r ompar t i ci pat i on of t he

ot her s ar e suf f i ci ent t o out wei gh t he cost s each count r y i ncur s . Once such an

abat ement conf i gur at i on i n pl ace, pr obl ems of del i ber at e non- compl i ance at

t he nat i onal l evel shoul d be gr eat l y r educed .

Anot her anal yt i cal i ssue i n eval uat i ng t he adequacy of a gr oup of si gnat o-

t i es t o a gl obal war mi ng t r eat y i s t he phenomenon of " car bon l eakage . Thi s

r ef er s t o t he f act t hat i f t her e i s agr eement by a gr oup of count r i es whi ch ar e

maj or ener gy consumer s t o cut back t he use of f ossi l f uel s as par t of a C02

abat ement pol i cy, t hen t he consequent decr ease i n t hei r demand f or t hese

f uel s wi l l decr ease t hei r pr i ces on wor l d mar ket s, and so encour age ot her

non- par t i ci pat i ng count r i es t o consume mor e. Thi s coul d par t i al l y of f set t he

pol i ci es i mpl ement ed by t he si gnat or i es of t he gl obal war mi ng t r eat y. Ther e

i s as yet l i t t l e agr eement about t he possi bl e magni t ude of t he phenomenon of

" car bon l eakage" , and i ndeed t her e ar e sever al ot her mechani sms t hr ough

whi ch l eakage can occur .

What ar e t he i mpl i cat i ons of t hese i ssues f or t he gr oup t hat shoul d be

t ar get ed as t he i ni t i al si gnat or i es of a C02- abat ement agr eement ? Such a

gr oup has t o be suf f i ci ent l y br oadl y- based t o meet t wo condi t i ons :

1 . i t has t o f or m a " cr i t i cal mass" i n t he sense of bei ng l ar ge enough t o

ensur e t hat al l member s gai n f r ommember shi p and so have i ncent i ves

t o r emai n i n compl i ance.

2 . i t has t o be l ar ge enough t hat t he " car bon l eakage" phenomenon does

not det r act f r omi t s ef f i cacy.

However , i t need not cont ai n i ni t i al l y al l t he count r i es who wi l l ul t i mat el y

have t o j oi n t o make i t a compl et e success . I t shoul d cer t ai nl y cont ai n t he

maj or i ndust r i al count r i es, t he member s of t he OECD. The addi t i onal gr oups

who wi l l ul t i mat el y have t o j oi n f or compl et e success ar e t he economi es of

East er n Eur ope and t he For mer Sovi et Uni on, and t he maj or devel opi ng

count r i es such as I ndi a and Chi na. I t i s pr obabl y not necessar y f or al l of

t hese addi t i onal count r i es t o be f ul l member s of a gl obal war mi ng t r eat y as

soon as i t st ar t s, as l ong as t wo condi t i ons ar e f ul f i l l ed:

14A mor e det ai l ed di scussi on of t hese ef f ect s can be f ound i n OECDEconomi c St udi es,
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1 . t hat t hey wi l l not pur sue pol i ci es t hat wi l l undo t he ef f or t s of t he si g-

nat or i es of a gl obal war mi ng t r eat y, i . e. , t hey wi l l not i ncr ease t hei r

emi ssi ons of COZ t o of f set , f ul l y or par t i al l y, t he measur es t aken by

si gnat or i es . I n par t i cul ar , t hey wi l l neut r al i ze car bon l eakage, and

2. t hey expr ess an i nt ent t o par t i ci pat e f ul l y wi t hi n a speci f i ed per i od of ,

say, t en year s .

I n f act t hese ai ms coul d easi l y be achi eved by al l count r i es j oi ni ng a

TEQr egi me i f t he OECDcount r i es wer e al l ocat ed quot as whi ch f or ced t hem

ei t her t o r educe emi ssi ons or t o buy f r omot her count r i es, and t he devel opi ng

count r i es wer e al l ocat ed quot as suf f i ci ent l y i n excess of t hei r cur r ent needs

t hat t hey woul d not const r ai n t hei r economi c devel opment i n t he near f ut ur e.

I n ef f ect t he devel opi ng count r i es woul d t hen be sl eepi ng member s of t he

t r eat y f or a per i od, but dur i ng t hi s per i od woul d be abl e t o benef i t f r om

t he sal e or l oan of t hei r excess quot as t o i ndust r i al count r i es, whi ch woul d

pr ovi de t hemwi t h an i ncent i ve t o keep car bon emi ssi on l ow and maxi mi ze

t he r evenues obt ai nabl e f r om quot as. Such a di st r i but i on of quot as i s, as

al r eady not ed, consi st ent wi t h t hei r ef f i ci ent al l ocat i on .

F. Mar ket management

1.

	

I nst r ument s f or t he t r adi ng of emi ssi ons quot as

What i nst r ument s, apar t f r om t he basi c t r adeabl e quot as, shoul d be

t r aded on t he mar ket s t hat f or ma past of a t r adeabl e quot a r egi me? The r ol e

of der i vat i ves such as f ut ur es and opt i ons i n f aci l i t at i ng hedgi ng pr i ce r i sks

has been ment i oned sever al t i mes, and i s cl ear l y i mpor t ant . These i nst r u

meat s, pl us var i ous mat ur i t y swaps, ar e al r eady t r aded i n associ at i on wi t h

t he sul phur di oxi de quot a mar ket on t he Chi cago Boar d of Made. Exper i ence

t her e t o dat e conf i r ms t he i mpor t ance of t hese i nst r ument s i n hedgi ng .

Ther e i s an addi t i onal ar gument f or t he i nt r oduct i on of such pr oduct s .

Thi s i s t hat der i vat i ves hel p t o achi eve mar ket dept h and l i qui di t y, and so

i mpr ove mar ket f i mct i oni ng. I n t he mar ket t hey ser ve t wo i mpor t ant f unc

t i ons : t hey r eal l ocat e r i sks, as do al l f i nanci al i nst r ument s : i n addi t i on t hey

al so f unct i on as subst i t ut e cr edi t mar ket s, al l owi ng t r ader s wi t h l i mi t ed l i q-

ui d asset s t o t r ade ext ensi vel y. For exampl e, t r adi ng opt i ons on oi l f ut ur es



r equi r es l ess cash t han t r adi ng oi l f ut ur es . Thus mar ket l i qui di t y i s i ncr eased

wi t h opt i ons.

2 .

	

Bor r owi ng & l endi ng vs . buyi ng and sel l i ng

So f ar we have spoken ent i r el y i n t er ms of t he pur chase and sal e of emi s-

si on quot as : sal e by count r i es wi t h a sur pl us over t hei r i mmedi at e r equi r e-

ment s, and pur chase by t hose whose emi ssi ons exceed t hei r al l ocat i on of

quot as . I t i s cl ear t hat some count r i es f eel an unease at sel l i ng, par t i ng per -

manent l y wi t h, t hei r r i ght s t o emi t gr eenhouse gases, r i ght s whi ch t hey mi ght

need i n t he f ut ur e at a di f f er ent st age of economi c devel opment . I n pr i nci pl e

t hey can of cour se buy t hese r i ght s back i n t he f ut ur e when t hey ar e needed,

al t hough t her e i s a r i sk t hat t he pr i ce wi l l t hen be excessi ve. Thi s r i sk can,

as al r eady ment i oned, be r educed by t he use of f ut ur es cont r act s or mat ur i t y

swaps . Never t hel ess, t her e may r emai n a r esi dual unease about t he sal e of

emi ssi on r i ght s . Ther e i s a r at i onal e f or t hi s : no one can pr edi ct t he l i qui di t y

of t he TEQmar ket or t he pr i ces i n t hat mar ket sever al decades hence.

An al t er nat i ve appr oach i s t o al l ow count r i es t o l end or bor r ow emi ssi on

r i ght s, r at her t han buyi ng and sel l i ng t hem- or i ndeed t o al l ow bot h . We can

concei ve of a cent r al bank" at whi ch quot as axe deposi t ed when not needed,

and f r om whi ch def i ci t count r i es bor r ow quot as . A count r y wi t h a sur pl us

of per mi t s t hat i t ant i ci pat ed cont i nui ng f or say f i ve year s woul d make a f i ve

year deposi t i n t he bank, and be pai d i nt er est on t hi s deposi t . Af t er f i ve

year s, i t coul d wi t hdr aw i t s per mi t s, or r ol l over t he deposi t . Thr ough t hi s

syst em, a count r y' s t ot al emi ssi on r i ght s never change : i t never gi ves t hem

up per manent l y, but mer el y l ends t hemwhi l e t hey ar e not needed.

The i nt er est r at e payabl e on per mi t s woul d of cour se depend on t he bal -

ance of suppl y and demand f or per mi t l oans : a l ar ge number of woul d- be

bor r ower s wi t h f ew l ender s woul d f or ce up t he i nt er est r at e, and vi ce ver sa.

The i nt er est r at e woul d be af f ect ed st r ongl y by t he i ni t i al. di st r i but i on of

per mi t s .

Such a syst em not onl y bypasses t he r el uct ance whi ch count r i es may f eel

wi t h r espect t o sel l i ng emi ssi on quot as : i t al so r educes t he r i sks i n t he mar ket ,

because each past y woul d be deal i ng wi t h an i nt er nat i onal i nst i t ut i on- an

" El sewher e Pr of essor Chi chi l ni sky has wr i t t en on t he case f or a ` Bank f or Envi r onmen-

t al Set t l ement " , whi ch coul d pl ay t hi s r ol e .
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i nt er nat i onal envi r onment al bankwhi ch woul d have a cr edi t st at us si mi l ar
t o t hat of t he I MF and t he Wor l d Bank. Thi s ar r angement woul d r emove

any count er par t y r i sks l i nked t o t r adi ng wi t h count r i es of uncer t ai n cr edi t
wor t hi ness.
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