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1 I nt r oduct i on

1 . The gl obal envi r onment i s a mat t er of beat i mpor t ance t o al l nat i ons .

The Ri o Convent i on acknowl edged t he pot ent i al gai ns f r om co- oper at i on

i n r esponse t o t he t hr eat t o cl i mat e changes due t o i ncr easi ng concent r a-

t i on of C0 2 i n t he at mospher e . Yet di f f er ences of opi ni ons pr evai l about

t he mai n pr obl ems, and about t he i nst i t ut i ons t o manage cooper at i on . I n-

dust r i al count r i es t ypi cal l y f ocus on t he pot ent i al pr obl ems posed by t he

r api d gr owt h of popul at i on i n devel opi ng count r i es, and t he envi r onmen-

t al pr essur e, i n par t i cul ar f r om car bon emi ssi ons, t hat t hi s coul d cr eat e i n

25- 50 year s t i me . The devel opi ng count r i es vi ew t he car bon emi ssi on pr ob-

l em as one whi ch or i gi nat es, hi st or i cal l y and cur r ent l y, f r om t he i ndust r i al

count r i es, and one whi ch r equi r es t hei r i mmedi at e act i on . [ 7] ( 81-

2. The pr obl em of f i ndi ng car bon abat ement pol i ci es i s compl i cat ed by t he

sci ent i f i c uncer t ai nt y about t he i mpact of car bon emi ssi ons on t he cl i mat e.

We have l i mi t ed exper i ence i n eval uat i ng and i mpl ement i ng t he t ype of

pol i ci es whi ch woul d be needed f or t he abat ement of t hese emi ssi ons [ 91 .
I n or der t o i mpl ement gl obal envi r onment al pol i ci es successf ul l y i t seems

cr uci al t o devel op a cl ear eval uat i on of t he f act s, of t he di f f er ent posi t i ons,

and of t he economi c i ssues at st ake . I t al so seems cr uci al t o devel op,

as a st ar t i ng poi nt , a common l anguage t o f aci l i t at e communi cat i on and

negot i at i on, and t o i ncr ease t he l i kel i hood of f i ndi ng and i mpl ement i ng

cooper at i ve sol ut i ons f or al l count r i es i nvol ved . The concept ual f or mul a-

t i on of mar ket s and t he economi c dat a pr ovi ded by t he OECD economi c

model GREEN coul d pr ove ver y val uabl e, and wi l l be used i n t hi s paper .

3 . A good st ar t i ng poi nt i s pr ovi ded by t he paper " I mpl ement i ng Gl obal

Envi r onment al Pol i cy" by J . Coppel of t he OECD Resour ce Al l ocat i on

Di vi si on [ 10] . Coppel ' s paper i s an excel l ent cont r i but i on, pr ovi di ng an

i nt er est i ng di scussi on of t he mai n i ssues . Some of i t s val ue i s i t s f ocus,

whi ch devel ops an i ndust r i al count r y' per spect i ve .

4. Thi s paper was commi ssi oned t o di scuss Coppel ' s, and t o addr ess t he

same i ssues whi l e f or mul at i ng a cooper at i ve appr oach t o car bon emi ssi on

abat ement pol i cy, whi ch t akes i nt o consi der at i on t he posi t i on of devel opi ng

and wel l as i ndust r i al count r i es .

9 I ncent i ves f or I mpl ement i ng Abat ement Pol i ci es 11
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5 . 1 wi l l di scuss Coppel ' s paper , and eval uat e hi s pr oposal f or a car bon abat e-

ment t ax usi ng basi c economi cs and t he dat a of f er ed by GREEN and ot her

sour ces such as t he I AE. I wi l l al so pr opose a compl ement ar y set of eco-

nomi c pol i ci es, i ncl udi ng a modi f i ed car bon t ax, and ot her associ at ed pol i -

ci es f or cont ai ni ng envi r onment al damage i n t he cont ext of i nt er nat i onal

t r ade, and of f i nanci al pol i ci es by t he Wor l d Bank and t he I MF .

2 Car bon Emi ssi ons, Popul at i on and I ndust r i -

al i zat i on

1 . Hi st or i cal l y and pr esent l y, t he l ar ge maj or i t y of t he car bon emi ssi ons,

about 73%, or i gi nat e i n i ndust r i al i zed count r i es . These count r i es have t he

l owest popul at i on gr owt h i n t he wor d, see Tabl e 7 of [ 10] , at t ached at

t he end of t hi s paper . The US al one, wi t h 5%of t he wor l d' s popul at i on,

cont r i but es 24 . 6% of t he wor l d' s t ot al car bon emi ssi ons . Thi s i s not sur -

pr i si ng, si nce t he US consumes about 27%of al l t he pet r ol eum pr oduced

i n t he wor l d [ 15] . About 55% of al l car bon emi ssi ons or i gi nat e i n t he

OECD count r i es, and about 17%i n t he ex- Sovi et Uni on .

2 . Al most 4/ 5 of t he wor l d' s popul at i on i s i n t he non- OECD count r i es . I n

per - capi t a t er ms t he OECD count r i es cont r i but e at l east 450%mor e car -

bon emi ssi on t han do t he non- OECD count r i es .

3 . Obvi ousl y t hi s coul d change i n t he f ut ur e : t he devel opi ng count r i es coul d

i ndeed devi at e f r om past exper i ence and become a ser i ous sour ce of emi s-

si ons . I t seems wi se t o t ake pr ecaut i ons t o avoi d such out comes . Yet i f

i mmedi at e act i on i s needed i n cur t ai l i ng car bon emi ssi ons t o pr event a

maj or cl i mat e change, i n or der t o have a subst ant i ve ef f ect , si gni f i cant

abat ement must t ake pl ace i n t he maj or emi t t er s, namel y i n t he OECD

count r i es and t he ex- Sovi et Uni on .
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Eval uat i ng a Gl obal Car bon Tax

1 . J . Coppel ' s paper [ 10] pr oposes a gl obal car bon t ax of US$25 per t on

of car bon emi t t ed ( or equi val ent ) . Cer t ai n aspect s of hi s pr oposal wer e

si mul at ed usi ng t he OECDmodel GREEN. These si mul at i ons, whi ch wer e

r epor t ed i n [ 10] , wi l l be di scussed her e . They compar e GDP l oss, t ax

r evenues and emi ssi on r educt i ons up t o year 2020 ( see Tabl e 3, page 23 of

2 . Usi ng basi c economi c pr i nci pl es, economi c dat a f r omt he OECD' s GREEN

model and f r om t he I nt er nat i onal Ener gy Agency [ 18] and [ 17] 1 wi l l es-

t abl i sh t hat whi l e maki ng a val uabl e cont r i but i on and exhi bi t i ng many



posi t i ve f eat ur es, unl ess cer t ai n modi f i cat i ons ar e i nt r oduced, t he gl obal

car bon t ax pr oposed by J . Coppel : zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

" ( a) woul d be excessi vel y r egr essi ve, i mposi ng a di spr opor t i onat el y l ar ge
bur den on t he l ower i ncome count r i es, and decr easi ng t he l i kel i hood of i t s
i mpl ement at i on .

" ( b) coul d be count er pr oduct i ve i n t er ms of over al l economi c ef f i ci ency .

J . Coppel ' s pr oposal :

" ( c) concent r at es on possi bl e di st or t i ons f r omener gy subsi di es i n devel opi ng
count r i es, but makes no r ef er ence of si mi l ar di st or t i ons ar i si ng f r om t he
l ar ge ener gy subsi di es exi st i ng i n OECD count r i es, and

" ( d) coul d be associ at ed wi t h hi gher r at es of popul at i on gr owt h i n devel -

opi ng count r i es, cont r adi ct i ng i t s own st at ed obj ect i ves .

4

	

A Pr oposal f or a Modi f i ed Gl obal Car bon Tax

1 . 1 pr opose her e a compl ement ar y gl obal car bon t ax ; whi ch coul d al so be

si mul at ed usi ng t he OECD' s GREEN model . The si mul at i ons coul d have
a st ar t i ng dat e of 1995, unt i l 2050 . By r unni ng t hi s new t ax pr oposal i n
par al l el wi t h Coppel ' s, one shoul d be abl e t o expl or e t he advant ages and
di sadvant ages of t he t wo pr oposal s, and coul d t her ef or e i mpr ove upon

bot h .

2 . I f pr oper l y i mpl ement ed, my pr oposal :

" ( e) woul d i ncr ease ener gy pr i ces pr ogr essi vel y i n al l OECDcount r i es over a

per i od of sever al year s so as t o r each t he l evel s cur r ent l y pai d i n Ger many

and Japan,

( f ) woul d phase down gr adual l y over t he same per i od al l ener gy subsi di es
i n OECD count r i es,

( g) woul d i ni t i at e t he t axat i on of car bon emi ssi ons i n l owi ncome count r i es
when t hei r cont r i but i on t o emi ssi ons becomes si gni f i cant , f or exampl e,
when i t r eaches a gi ven pr opor t i on of t he wor l d' s emi ssi on . At pr esent ,
devel opi ng count r i es, whi ch make up about 4/ 5 of t he wor l d' s popul at i on,
cont r i but e l ess t han 30%of gl obal car bon emi ssi ons,
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Pol i ci es Associ at ed t o a Car bon Tax

The f ol l owi ng pol i ci es coul d be at l east as ef f ect i ve as a car bon t ax, and ar e

r ecommended as means t o cont ai ni ng envi r onment al damage : zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

" ( h) Ref or mul at e t r ade st r at egi es i n devel opi ng count r i es away f r om en-

vi r onment al l y i nt ensi ve sect or s such as r aw mat er i al s and mi ner al s, and

i nt o ski l l i nt ensi ve and envi r onment al l y f r i endl y sect or s whi ch use newer

t echnol ogi es and whi ch have hi gher gr owt h pot ent i al .

" ( i ) Ref or mul at e and i mpl ement new i nt er nat i onal nat i onal and i nt er na-

t i onal account i ng syst ems whi ch i ncor por at e a measur e of i nt er nat i onal

envi r onment al ef f ect s,

" ( j ) Ref or mul at e Wor l d Bank and I t i 1F f i nanci ng cr i t er i a so t hat t hey be-
come consi st ent wi t h t hese envi r onment al obj ect i ves .

" ( k) Devel op bet t er syst ems of pr oper t y r i ght s and mar ket - based st r at egi es

f or pr ot ect i ng t hose common pr oper t y envi r onment al r esour ces i n devel -

opi ng count r i es whi ch ar e most endanger ed at pr esent such as f r esh wat er ,
f or est ed and gr azabl e l and, and bi odi ver si t y r eser voi r s .
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Anal yzi ng t he Economi c Foundat i ons of Car -

bon Emi ssi on Abat ement

1 . J . Coppel ' s pr oposal i s f or a smal l gl obal car bon t ax of $25 per t on whi ch

cor r esponds t o about S3 per bar r el of oi l ( [ 10] , par agr aph 22, page 9) .

About 50%of t he expect ed wor l d r evenues, of about US$ 150 bi l l i on per

annum, woul d be r ai sed f r om OECD count r i es . Coppel ' s paper [ 10] uses
t he OECD GREENmodel t o anal yze t he consequences of t hi s t ax wi t hout

any expl i ci t si de- payment s t o non- OECD count r i es ( [ 10] par agr aph 23,

page 9) . Pot ent i al si de- payment s t o devel opi ng count r i es ar e never t hel ess

ment i oned by Coppel ; t hese ar e l i mi t ed t o at most 25% of OECD t ax

r evenues ( [ 10] , par agr aph 52, page 19) . I n pr act i ce, however , no si de-

payment s have been i ncl uded i n t he si mul at i ons of t he GREEN model

[ 10] , page 9, par agr aph 23 and f oot not e 13 .

2 . A sal i ent f eat ur e of Coppel ' s gl obal car bon t ax i s t hat devel opi ng count r i es

ar e t axed at sever al t i mes t he r at e of i ndust r i al count r i es, as a pr opor t i on

of t hei r GNPs . For exampl e, hi gh i ncome count r i es such as t he US and

Fr ance woul d pay i n t axes appr oxi mat el y 3/ 4% and 1/ 3% of t hei r GNP

r espect i vel y, whi l e l ower i ncome count r i es such as Chi na and Mexi co pay

i nst ead sever al t i mes t hat amount . I n f act Chi na pays 4 . 40% of GNP and

Mexi co, 1 . 25% of i t s GNP' s see Tabl e 2, page 22 of [ 10] . Fur t her mor e, i f



comput ed i n t er ms of GNP per capi t a, t hi s di f f er ence woul d i ncr eases dr a-
mat i cal l y . Thi s di spr opor t i on i s mai nt ai ned acr oss t he boar d : t he devel -
opi ng count r i es i n gener al pay sever al t i mes t he r at e pai d by t he i ndust r i al

count r i es, see t abl e 2 of [ 10] .

3 . The t ax pr oposed by Coppel i mposes a di spr opor t i onat e l ar ge t ax bur den
on l ower i ncome count r i es, see par agr aphs 10 and 17 of [ 10] , because al -
t hough t hei r per - capi t a emi ssi ons ar e ext r emel y l ow compar ed wi t h t hose
of t he i ndust r i al count r i es, t hei r out put ( GNP) i s mor e car bon i nt ensi ve .
Si nce t he t ax i s l evi ed on out put , t he l ower i ncome count r i es pay mor e t ax
as a pr opor t i on of t hei r GNP.

4 . Of cour se, i f t he car bon t ax wer e l evi ed on t he basi s of car bon emi ssi ons
per - capi t a, t hen t he i mpact of t he t ax woul d be r ever sed : t he i ndust r i al
count r i es woul d pay t hen sever al t i mes as much as t he devel opi ng count r i es
do .
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The I ssue of Abat ement Cost s

1 . The devel opi ng count r i es ar e sai d t o have l ower abat ement cost s t han
t he OECD count r i es, see pages 4, 5 and 7 of [ 10] . Fol l owi ng up on t hi s

poi nt , t he aut hor t hen ar gues t hat " A wel l - desi gned agr eement wi l l t r y t o
ensur e t hat mar gi nal cost s of abat ement wi l l be equal i zed acr oss count r i es .
Count r i es wi t h l ower abat ement cost s wi l l i ni t i at e t he l ar gest absol ut e
emi ssi on changes' " , see page 7, par agr aph 17 of [ 10] . Al t hough i n pr i nci pl e

t hi s obser vat i on about cost s has l i t t l e bear i ng on t he act ual t ax bur den

of count r i es as pr opor t i on of t hei r GNP, i t may appear t o be of f er ed as
an expl anat i on of t he f act t hat t he devel opi ng count r i es' bur den i s sever al
t i mes hi gher t han t hat of t he i ndust r i al count r i es . For t hi s r eason i t seems
wor t h exami ni ng t he quest i on of cost s i n some det ai l .

2 . The ar gument summar i zed i n t he pr evi ous par agr aph i n suppor t of equat -

i ng mar gi nal cost s, and t he di spr opor t i onat e t axat i on of l ow i ncome coun-

t r i es, has t hr ee f l aws . The f i r st per t ai ns dat a, and t he l at t er t wo ar e based

on basi c economi c anal ysi s .

3 . The evi dence of f er ed i n [ 10] f or t he f act t hat devel opi ng count r i es have

l ower abat ement cost s t han i ndust r i al count r i es, pr ovi ded i n i t s par agr aph

10 and i n f oot not e 7 on page 5 i s : " si mul at i ons wi t h GREEN and ot her

gener al equi l i br i um model s suggest t hat Chi na, I ndi a and t he ex- USSR

coul d abat e at l ow cost wher eas abat ement cost s coul d t end t o be hi gh i n

OECD count r i es' " . The dat a r ef er ence pr ovi ded i s a 1992 OECDeconomi c

st udy No . 19 by A. Dean and P. Hoel l er , whi ch does not i n f act r epor t on

act ual dat a but r at her , as i t s t i t l e i ndi cat es, on " evi dence f r om si x gl obal

model s" . Thi s pr esent s a pr obl em i n t er ms of t he i nt er pr et at i on of t he



dat a . Gl obal model s ar e not sour ces of dat a, as much as of si mul at ed or
pr oj ect ed dat a whi ch i s a r esul t ant of obser vat i ons pl us t he assumpt i ons

whi ch ar e bui l t i nt o t he model s . For exampl e, t he si mul at i ons car r i ed out

i n GREEN cont ai n many speci f i cat i ons whi ch may not be a r epr esent at i on

of r eal i t y but r at her a r epr esent at i on of cer t ai n assumpt i ons about t echnol -

ogy. Ther ef or e t he quest i on of whet her devel opi ng count r i es have hi gher

or l ower abat ement cost s t han t he i ndust r i al count r i es i s not sat i sf act or i l y

r esol ved by r ef er r i ng t o si mul at i ons i n GREEN or i n ot her gl obal model s .

The i nf or mat i on we obt ai n f r om t hese sour ces depends on t he assumpt i ons

of t hese model s . I n ot her wor ds, one may be assumi ng t hat devel opi ng

count r i es have l ower abat ement cost s r at her t han est abl i shi ng i t . Thi s i s-

sue i s of i mpor t ance, because a way t hat t he " f r ee r i der " pr obl em appear s

i n t he case of pr ovi di ng publ i c goods- such as f or exampl e, abat ement

whi ch decr eases C02 concent r at i on i n t he at mospher e- i s by each par t y

pr oposi ng t hat ot her s shoul d pr ovi de t he good, because i t cost s t heml ess

t o do so . For a t r eat ment of f r ee r i di ng pr obl ems see e . g . At ki nson and
St i gl i t z [ 20] .

4 . Equal l y quest i onabl e i s t he assumpt i on t hat mar gi nal cost s of abat ement

shoul d be equal i zed acr oss count r i es f or economi c ef f i ci ency . Ther e ar e t wo

economi c r easons f or t hi s . The f i r st r eason i s t hat economi c act i vi t i es wi t h

l ar ge f i xed cost s may have decr easi ng mar gi nal cost s . Under t hese condi -
t i ons, t he equat i ng of mar gi nal cost s can l ead t o economi c i nef f i ci enci es .
As a mat t er of f act , i n t he pr esence of f i xed cost s, t he al l ocat i ons obt ai ned

by aver age cost pr i ci ng may be mor e ef f i ci ent t han t hose obt ai ned under

mar gi nal cost pr i ci ng . These ar e wel l known f act s whi ch wer e est abl i shed

i n t he l i t er at ur e sever al year s ago, see e . g . Guesner i e [ 16] , Br own and Heal
[ 11] and [ 12] , and Chi chi l ni sky [ 5] .

5 . Abat ement t echnol ogi es have l ar ge f i xed cost s . A t ypi cal exampl e i s t he

shi f t f r om l eaded t o unl eaded gasol i ne, a shi f t whi ch i s yet t o be made

i n many devel opi ng count r i es . The devel opment of engi nes whi ch r un on

unl eaded f uel , t he r e- equi pi ng r ef i ner i es t o pr oduce unl eaded gasol i ne, and
t he r epl acement of exi st i ng vehi cl es, must al l be i ncl uded and l ead t o ver y
l ar ge f i xed cost s i ndeed. Republ i ca Domi ni cana i s an exampl e of a count r y

i n whi ch l eaded gasol i ne i s cur r ent l y i n use, and t he onl y obst acl e whi ch i s

r ecogni zed f or i t s subst i t ut i on by unl eaded f uel i s t he obsol ence t hat t hi s

wi l l i mpl y f or i t s st ock of vehi cl es . Lar ge f i xed cost s f or abat ement l ead t o

decr easi ng mar gi nal cost s, or economi es of scal e . I n such cases mar gi nal

cost pr i ci ng may not l ead t o ef f i ci ent out comes, see e . g . Guesner i e [ 16] ,

Br own and Heal [ ?] , [ 12] , and Chi chi l ni sky [ 5] .

6 . Ther e i s a second r eason f or quest i oni ng t he pol i cy of equal i zi ng mar gi nal

cost s of abat ement . Thi s equal i zat i on woul d l ead t o ef f i ci ency i f t he goods

under consi der at i on wer e pr i vat e goods . But i n our case we ar e deal i ng



wi t h a publ i c good, i . e . one whi ch, by def i ni t i on, i s consumed by al l i n t he
same quant i t y : t he decr eases i n at mospher i c C0 2 concent r at i on . Whi l e
t he i mpact of weat her changes may var y f r om count r y t o count r y, i n ways
t hat i t i s ver y di f f i cul t t o pr edi ct , t he over al l C0 2 concent r at i on i s shar ed
equal l y by al l nat i ons i n t he wor l d . The qual i t y of t he wor l d' s at mospher e
i s a publ i c good, Heal [ 14] and Nor dhaus [ 19] .

7 . Thi s publ i c good i s " pr oduced" by t he C02 emi ssi ons ( or by t he abat e-

ment of t hese emi ssi ons) of a f i ni t e number of l ar ge agent s, namel y t he

count r i es . I n t hi s sense, t he cl assi cal sol ut i ons f or f i ndi ng t he ef f i ci ent
l evel s of pr oduct i on of publ i c goods of Li ndahl ( 1919) and Bowen ( 1943) ,

whi ch wer e ext ended subsequent l y by Samuel son ( 1954) , see At ki nson and

St i gl i t z, par t i cul ar l y Lect ur e 16, and page 489, f oot not e 3, [ 20] , do not
appl y . I n t hese cases t he publ i c good i s pr oduced by a si ngl e agent . Ex-
ampl e of such publ i c goods ar e a br i dge or a r oad : t he r el evant ef f i ci ency
condi t i ons i n t hese cases ar e t o equat e t he sum of t he agent ' s r at e of sub-
st i t ut i on bet ween t he publ i c good and a pr i vat e good ( such as i ncome)

and t he mar gi nal r at e of t r ansf or mat i on bet ween t he t wo, at a cent r al

pr oduct i on f aci l i t y .

8 . When each consumer i s al so a pr oducer of t he publ i c good, as i t i s t he
case of emi ssi ons or abat ement of car bon, t hen ef f i cnet al l ocat i ons t ake a

di f f er ent f or m, cl oser t o t he ef f i ci ent al l ocat i ons of a mar ket economy wi t h

ext er nal i t i es [ 1] . An ef f i ci ent al l ocat i on now r equi r es t hat t he mar gi nal cost
of abat ement i n each count r y be i nver sel y pr opor t i onal t o t hat count r y' s
mar gi nal ut i l i t y of consumpt i on of al l ot her pr i vat e goods . Thi s poi nt i s
devel oped i n det ai l i n t he l ast Sect i on of t hi s paper .

9 . Economi c ef f i ci ency i n t he al l ocat i on of pr i vat e and publ i c goods di c-
t at es i n t hi s case t hat count r i es wi t h hi gher mar gi nal ut i l i t i es of pr i -
vat e consumpt i on- whi ch ar e t ypi cal l y t he l ower i ncome count r i es- shoul d

have l ower mar gi nal cost of abat ement t han count r i es wi t h l ower mar gi nal

ut i l i t y of consumpt i on- whi ch ar e t ypi cal l y t he hi gher i ncome count r i es .

I n par t i cul ar , one shoul d not expect t he ef f i ci ent al l ocat i on t o equal i ze

mar gi nal cost s of abat ement acr oss count r i es, because doi ng so coul d con-

f l i ct wi t h t he Paxet o ef f i ci ency of t he al l ocat i on bet ween pr i vat e consump-

t i on and t he pr oduct i on of a cl ean at mospher e . I t shoul d be emphasi zed

t hat t hi s r esul t appl i es t o t he case wher e t he good i n quest i on i s a publ i c

good, such as t he C02 concent r at i on i n t he at mospher e, and not when
i t i s a pr i vat e good . I n addi t i on, t hi s r esul t appl i es t o t he case wher e

abat ement i s " pr oduced" i n each count r y, and pr oduced at t he expense of
ot her pr i vat e consumpt i on goods, r at her t han when i t i s " pr oduced at a
cent r al f aci l i t y" such as a br i dge or a r oad . Thi s i s di scussed i n det ai l i n

Sect i onl l , Pr oposi t i on 1 .



10 . Ef f i ci ent al l ocat i ons al so r equi r e t hat t hose count r i es wi t h a hi gher i ncome
l evel cont r i but e a hi gher pr opor t i on of t he abat ement , wi t h t he const ant

of pr opor t i onal i t y i ncr easi ng wi t h t he over al l pr oduct i vi t y of t he count r y' s

abat ment t echnol ogy . Thi s poi nt i s al so di scussed i n Sect i on 11, Pr oposi -

t i on 2 .

11 . Once t he opt i mal al l ocat i on of t he publ i c good i s f ound, t hen i t i s pos-
si bl e t hat ot her agr eement s coul d emer ge about changi ng t he t echnol ogy
of pr oduct i on, so t hat a cent r al wor l d f aci l i t y pr oduces abat ement , and i t
does so by al l ocat i ng abat ement ef f or t s i n count r i es wi t h l ower mar gi nal
cost s . But t he achi evement of t hi s cent r al t echnol ogy agency seems hi ghl y
unl i kel y . Thi s i s because car bon emi ssi ons ar e " pr oduced" aut omat i cal l y
whenever pr i vat e goods whi ch use f ossi l f uel ener gy ar e pr oduced . I t seems
i mpossi bl e at pr esent t o ent er t ai n t he i dea of a cent r al pr oduct i on f or emi s-
si ons wi t hout a si mul t aneous cent r al f aci l i t y f or t he pr oduct i on of pr i vat e

goods, an event t hat seems wel l beyond t he scope of what i s possi bl e or
desi r abl e at pr esent .

12 . Once t he opt i mal consumpt i on/ abat ement l evel s i n each count r y ar e f ound,
t hen ot her ar r angement s coul d be achi eved f or t he payment and pr oduc-
t i on of t he publ i c good . For exampl e, quot as on emi ssi ons coul d be as

si gned t o each count r y on t he basi s of opt i mal abat ement / consumpt i on
l evel s, and t hen per mi t s coul d be i ssued and f r eel y t r aded as f i nanci al
i nst r ument s acr oss count r i es, on t he basi s of t hese quot as . However , i t
i s not cl ear t hat such a per mi t s mar ket woul d i mpr ove wel f ar e, or under
what condi t i ons . I n economi es wi t h publ i c goods, t he appr opr i at e pr i c-
i ng syst em may be one whi ch i s per sonal i zed t o t he t r ader s, r at her t han
a compet i t i ve pr i ci ng syst em. The mat t er r equi r es f ur t her r esear ch . A
syst em of per mi t s f or car bon emi ssi ons has of cour se been cont empl at ed
f or some t i me, but t he count r y- by- count r y quot as f or t hese per mi t s, have
not been connect ed so f ar t o t he opt i mal i t y condi t i ons f or t he al l ocat i on

of publ i c goods . How t he quot as ar e r el at ed t o i ncome i s t he subj ect of
Pr oposi t i on 2 i n t he l ast Sect i on . Typi cal l y, Par et o ef f i ci ency di ct at es t hat
quot as f or emi ssi on be i nver sel y pr opor t i onal t o i ncome l evel s, see Pr opo-
si t i on 2, and al so i nver sel y r el at ed t o t he pr oduct i vi t y of t he count r y' s

abat ement t echnol ogy.

8 Coal Subsi di es i n I ndust r i al and Devel opi ng

Count r i es

1 . Anot her i nt er est i ng aspect of Coppel ' s paper i s t he emphasi s on phasi ng

out what i t cal l s " ener gy subsi di es" i n devel opi ng count r i es . Thi s i s one
of t he pol i ci es pr oposed, see Par t b) Page 13 of [ 10] .



2 . GREEN measur es ener gy subsi di es by t he di ver gence bet ween t he wor l d' s

and t he count r y' s pr i ce of ener gy . Ther ef or e i t i s not ent i r el y appr opr i at e

t o cal l t hese subsi di es . They shoul d r at her be cal l ed di f f er ences i n f act or
pr i ces .

3 . I t i s wel l known, however , t hat f act or pr i ces and i ndeed most pr i ces i n

devel opi ng count r i es, ar e l ower t han t hei r count er par t s i n i ndust r i al coun-

t r i es . A wel l known exampl e i s t he pr i ce of l abor . I ndeed, pr i ce di f f er -

ences ar e so subst ant i al , wi t h t he devel opi ng count r i es exhi bi t i ng t ypi cal l y

l ower pr i ces t han t he i ndust r i al count r i es, t hat r ecent l y t he Wor l d Bank

has t aken t o measur e GNP usi ng " pur chasi ng power par i t y" r at her t han

i nt er nat i onal pr i ces . Thi s has made a l ar ge di f f er ence i n t he comput at i on

of i ncome di f f er ent i al s bet ween i ndust r i al and devel opi ng count r i es .

4 . I t i s not abl e t hat t he di f f er ences i n l abor pr i ces acr oss count r i es have not
l ed, and ar e not l i kel y t o l ead, t o i nt er nat i onal i nt er vent i on i n t he f or m of

l abor t axes . Coppel i n f act pr oposes such a t ax f or a si mi l ar i nput , ener gy .

5 . Mor eover , i n t he case of coal t her e exi st ver y l ar ge r eal pr oduct i on subsi -

di es i n t he i ndust r i al count r i es . A pr el i mi nar y obser vat i on i ndi cat es t hat
t hey coul d be at l east as l ar ge i n val ue as t he val ue of t hose pr i ce di f f er -
ences whi ch GREEN cal l s " subsi di es" i n devel opi ng count r i es, al t hough

t he act ual compar i son must be made i n mor e det ai l , see [ 10] , Tabl e 6 . [ 18]
and [ 17] .

6 . For exampl e, i n Ger many al one coal pr oduct i on i s subsi di zed at t he r at e
of about US86 bi l l i on per annum. A l ar ger f i gur e of US88 bi l l i on hol ds f or
t he UK. I n t ot al t he OECD count r i es subsi di ze coal pr oduct i on by about

USS16 bi l l i on year l y, see [ 17] , page 201, copy encl osed at t he end of t hi s

paper .

7 . I ndeed, t he Eur opean Coal and St eel Communi t y, whi ch was cr eat ed be-
f or e t he si gnat ur e of t he Tr eat y of Rome and whi ch was a pr ecur sor of

t he EEC, had as a mai n pur pose t he suppor t and r at i onal i zat i on of t hese

i ndust r i es and i ncl uded pr ovi si ons f or subsi di es t o suppor t empl oyment

and pr oduct i on . The exi st ence of such si zabl e subsi di es shoul d i nduce se-

r i ous i nef f i ci enci es i n t he i ndust r i al count r i es, but t he i ssue i s not r ai sed

by Coppel , and t he f i gur es ar e not even r epor t ed i n [ 10] or [ 3] . Cl ear l y any

pol i cy f or el i mi nat i ng pr oduct i on subsi di es shoul d i ncl ude t he subsi di es of

OECD count r i es .
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I ncent i ves f or I mpl ement i ng Abat ement Pol i -

ci es

1 . As al r eady ment i oned, abat ement t echnol ogi es have l ar ge f i xed cost s . A

t ypi cal exampl e i s t he shi f t f r oml eaded t o unl eaded gasol i ne, a shi f t whi ch

i s yet t o be made i n many devel opi ng count r i es . Mar gi nal cost s may t hen

decr ease wi t h vol ume, l eadi ng t o i ncr easi ng r et ur ns t o scal e . I n such cases,
mar gi nal cost pr i ci ng may not l ead t o ef f i ci ent out comes, and i t may, i n
f act , be i nf er i or i n t er ms of ef f i ci ency, t o aver age cost pr i ci ng . These r esul t s

have been known i n t he l i t er at ur e f or some t i me, see e . g . Guesner i e [ 16] ,
Br own and Heal [ ?] , [ 12] , and Chi chi l ni sky [ 5] .

2 . I n addi t i on, abat ement t echnol ogi es ar e knowl edge i nt ensi ve . Thi s l eads
al so t o i ncr easi ng r et ur ns t o scal e, Chi chi l ni sky [ 6] , some of whi ch ar e
i nt er nal and ot her s ext er nal t o t he f i r m. Knowl edge of t en has of t en spi l l -

over ef f ect s f or soci et y as a whol e . Thi s i s anot her r eason why mar gi nal

cost pr i ci ng may not l ead t o ef f i ci ent out comes .

3 . I t i s sel dom not i ced t hat t he economi es of scal e of abat ement shoul d be

wel come, because t hi s coul d l ead nat ur al l y t o mor e cooper at i on t han i s t o
be expect ed bet ween t he count r i es who ar e par t i es t o an abat ement ef f or t .
Thi s i s because, f or t he same cost s t wo count r i es can achi eve pr opor t i on-
at el y mor e t han each one can . Thi s i nduces mor e i ncent i ves f or cooper -

at i on t han i s nor mal l y expect ed i n t he pr obl ems connect ed wi t h payi ng

f or t he pr ovi si on of publ i c goods, Heal [ 13] , and Car r ar o and Si ni scal co

[ 4] . For exampl e, i t checks t he t endency t owar ds t he st andar d " f r ee r i der "
pr obl em t o r each agr eement s t o pay f or t he pr ovi si on of publ i c goods .

4 . The ext ent of ext er nal economi es of scal e i n t he adopt i on of car bon abat e-
ment t echnol ogi es depends on t he i ni t i al l evel of knowl edge . For exampl e,
count r i es of si mi l ar l evel s of devel opment can benef i t mor e r eadi l y f r omt he

economi es of scal e i mpl i ci t i n adopt i ng each ot her ' s new cl ean t echnol ogi es

t han do count r i es at di f f er ent l evel s of devel opment .

5 . The t r ansf er of t echnol ogy bet ween count r i es coul d t her ef or e have a sal u-

t ar y ef f ect i n t hei r abi l i t y and wi l l i ngness t o cooper at e i n i nt er nat i onal

abat ement ef f or t s, Heal [ 13] Car r ar o and Si ni scal co [ 4] .
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I ncome, Abat ement and Popul at i on Gr owt h

1 . Coppel ment i ons t hat , accor di ng t o t he Wor l d Bank, an addi t i onal i nvest -

ment of 2- 3% of GNP i s needed i n devel opi ng count r i es t o r educe l ocal

envi r onment al damages and t o pr ovi de access t o sani t at i on and cl ean wa-

t er , t o i mpr ove ai r qual i t y and pr ot ect nat ur al habi t at s, see par agr aph 14,

page 6 of [ 10] .



2 . Coppel al so poi nt s out t o popul at i on gr owt h i n devel opi ng count r i es as one
of t he maj or causes of envi r onment al degr adat i on, t o t he ext ent t hat he
r ecommends usi ng t ax r evenues t o f i nance t he pr ovi si on of cont r acept i ves
i n devel opi ng count r i es, see page 3, par a 5 and pages 14- 17 par agr aphs 38
t o 43 .

3 . Si nce t he t r ansf er s suggest ed Coppel ' s paper have not been si mul at ed wi t h

GREEN, see page 9, par agr aph 23 and f oot not e 13, t hei r over al l ef f ect s
and t he use of such t r ansf er s f or t he pr ovi si on of cont r acept i ves i s a hi ghl y
specul at i ve mat t er . Ther ef or e t he r ecommendat i on seems somewhat un-
r eal i st i c .

4 . But mor e f undament al l y, t he st r at egy of r ai si ng pr opor t i onat el y hi gher
t axes f r omdevel opi ng count r i es coul d be count er pr oduct i ve wi t h t he st at ed
ai ms of popul at i on cont r ol i n t he paper . The l evel of i ncome i s t he onl y
gener al l y accept ed and pr edi ct abl e expl anat i on f or popul at i on gr owt h, and
i s i nver sel y r el at ed t o i t . Ther ef or e, i f a hi ghl y r egr essi ve car bon t ax i s
l evi ed, as i s t he one pr oposed by Coppel , i t wi l l decr ease t he l evel of
i ncome i n devel opi ng count r i es, and t hi s coul d l ead t o i ncr eases i n popu-
l at i on gr owt h and t o f ur t her envi r onment al degr adat i on . The t ax coul d
def eat i t s own pur poses .

5 . A r egr essi ve car bon t ax as pr oposed by Coppel coul d f ur t her mor e damage
t he f r agi l e gr owt h pr ospect s of many l ower i ncome count r i es . To t he ext ent
t hat cl eaner t echnol ogi es r equi r e a cer t ai n amount of i ndust r i al i zat i on,
r egr essi ve t axat i on coul d decr ease t he pr ospect of i ndust r i al i zat i on and
coul d t her ef or e damage r at her t han i mpr ove t he chances of cont r ol l i ng
car bon emi ssi ons .

11

	

Par et o Ef f i ci ent Abat ement St r at egi es

Thi s sect i on devel ops t he basi c economi c f r amewor k t o comput e an ef f i ci ent
al l ocat i on of abat ement st r at egy acr oss count r i es . I t consi der s t he at mospher e
as a publ i c good ( see Heal [ 14] and Nor dhaus [ 19] ) whi ch i s pr oduced al ong wi t h
t he pr oduct i on of pr i vat e consumpt i on goods, i n each count r y .

Consi der a wor l d economy wi t h N count r i es, N>_ 2, i ndexed by n = 1 . . . 1V.

Each count r y has a ut i l i t y f unct i on un whi ch depends on i t s consumpt i on of
pr i vat e goods cn, , and on t he qual i t y of t he wor l d' s at mospher e, a, whi ch i s a

publ i c good . For mal l y,

un ( czyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� , a) measur es wel f ar e, wher e

u� , : R2 - - > R i s a cont i nuous, concave f unct i on .

The qual i t y of t he at mospher e, a, i s measur ed by i t s concent r at i on of C02 . The
concent r at i on of C02 i s " pr oduced" by emi ssi ons of car bon, whi ch ar e posi t i vel y
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associ at ed t o t he l evel of consumpt i on of pr i vat e goods, cn , : i . e .

a a n

wher e an

	

f or each count r y n = 1 . . . N,

4) n <0 .

The " pr oduct i on f unct i ons" ( D, ar e cont i nuous and concave . For exampl e, con-
si der t he st andar d case wher e each count r y has a l evel of i ncome Yn and t he
const r ai nt ( Dn i s gi ven by :

c, - a,

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

" =Y, , i . e . I D, t ( cn ) = Y, - a, .

An al l ocat i on of consumpt i on and abat ement acr oss al l count r i es i s a vect or

( c l , a l , . . . , c, v, a v) E R2N. An al l ocat i on i s cal l ed f easi bl e i f i t sat i sf i es t he con-
st r ai nt ( 1) . A f easi bl e al l ocat i on ( ci , a, * , . . . , cV, aN* ) i s Par et o ef f i ci ent i f t her e
i s no ot her f easi bl e sol ut i on at whi ch ever ybody' s ut i l i t y i s at l east as hi gh, and
someone' s ut i l i t y i s st r i ct l y hi gher , t han at ( ci , a* , . . . , c, v, a, � * ) .

A Par et o ef f i ci ent al l ocat i on must maxi mi ze a wei ght ed sum of wel f ar e

W( c 1 . . . cn , a) = >
"

A, un( cn, a)
n=1

and f or si mpl i ci t y we shal l assume t hat al l wei ght s ar e equal . Each count r y n
f aces a const r ai nt i n t er ms of al l ocat i ng t ot al endowment s i nt o ei t her consump-
t i on cn or at mospher i c qual i t y, an , r epr esent ed by t he f unct i on 4) � . Then a
Par et o ef f i ci ent sol ut i on i s descr i bed by a sol ut i on t o t he pr obl em:

Not e t hat , by def i ni t i on, t he mar gi nal cost of abat ement i s t he i nver se of t he
mar gi nal pr oduct i vi t y of t he f unct i on ( Dn :

11/ I Cn ( a n ) = 1/ ~n( an)

A Par et o ef f i ci ent sol ut i on sol ves pr obl em ( 3) .
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Pr oposi t i on 1 : At a Par et o ef f i ci ent al l ocat i on ( ci , a* , . . . , c* , a, v* ) , t he mar gi nal

cost of abat ement i n each count r y, NCn ( an) , i s i nver sel y pr opor t i onal , t o

t he mar gi nal ut i l i t y of consumpt i on f or t he pr i vat e good c n , aun / Oc n .

Max W( c, . . . cn , a) = un ( cn, a) , ( 3)
n=1

subj ect t o a n = ( Dn ( cn ) , n = 1 . . . N ( 4)

N

and a = ( 5)

n=1



Pr oof .:

The sol ut i on t o t he maxi mi zat i on pr obl em ( 3) must sat i sf y t he f i r st or der
condi t i ons :

f or each count r y j = 1 . . . 1V. Si nce at a Par et o ef f i ci ent al l ocat i on t he expr essi on

( ~n 1 aun / aa n ) i s t he same const ant f or al l count r i es, denot ed K, and si nce,

as not ed i n ( 6)

I VI C, ( an ) = 1/ ~DT, , ( an)

we have t hat a Par et o ef f i ci ent al l ocat i on i s char act er i zed by :

MCj ( a* ) =

	

K
au ; / ac;

and t he pr oposi t i on f ol l ows . 0

Consi der f or exampl e t he case wher e t her e ar e t wo count r i es, each wi t h a
Cobb- Dougl as ut i l i t y f unct i on,

un( cn, a) = c ' a 1

	

= cn a 1 + a2) ' - ' ,n

and t he abat ement pr oduct i on f unct i on ( Dn i s

an = ( Dn( cn) = kn( Y, - cn) 1~2, k n > 0, f or n = 1 . 2

wher e, f or exampl e, k 1 = k and k2 = 1 . Thi s al l ows us t o accommodat e pot en-
t i al l y di f f er ent ef f i ci ency of abat ement acr oss count r i es . For si mpl i ci t y, t he t wo

count r i es ar e assumed t o have t he same ut i l i t y f unct i on . Then :

Pr oposi t i on 2: At a Par et o ef f i ci ent al l ocat i on, t he pr opor t i on of i ncome whi ch
each count r y al l ocat es t o car bon emi ssi on abat ement , must be pr opor t i onal

t o t hat count r y' s i ncome l evel , and t he const ant of pr opor t i onal i t y i ncr eases
wi t h t he ef f i ci ency of t he count r y' s emi ssi on abat ement .

Let

Pr oof : Our pr obl em ( 3) can now be wr i t t en as :

Max, , , , , W( Cl , c2) _

ax { ci [ k( Yl - c1)
1 I 2

+ ( Y2 -
c2) 1/ 2]

1- a + c2 [ k( Yl - c 1 ) 1 / 2 + ( y2 -
C2) 1/ 2J 1- a J

A = [ k( Yj -
Cl ) 1/ 2

+ ( Y2 -
C2) 1/ 2]

.

The f i r st or der condi t i ons f or a maxi mum ar e t hen :

aci - ' Al - ° - 1/ 2( Y1 - Cl ) - 1/ 2k { cc' A- " ( 1 - a) + c2 ( 1 - a) A- ° } = 0
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and

ace - l A" - 1/ 2( Y2 - c2)
_1/ 2 { c1" A- ° ( 1 - a) + c2 ( 1 - a) A- ° ` } _

whi ch si mpl i f y t o :

cl

c2

_i

	

Yi _ ci

	

i / 2
- kCY2- c2\

_

Si nce a < 1 t hi s i mpl i es t hat f or Par et o ef f i ci ency, t he i ncome al l ocat ed t o

abat ement by each count r y ( an = Yn - cn, , n = l , 2) must be pr opor t i onal t o

t he i ncome l evel , or t he l evel of consumpt i on, of t he count r y ( cn ) . Fur t her mor e

t he l ar ger i s t he abat ement pr oduct i vi t y of a count r y ( k = k l ) ; t he l ar ger i s i t s

abat ement al l ocat i on as a pr opor t i on of i ncome .

Concl usi ons .

I t f ol l ows t hat t he pr obl emof ef f i ci ent al l ocat i on of abat ement among coun-
t r i es does not yi el d t he usual condi t i on f or t he opt i mal pr ovi si on of publ i c goods .
For a det ai l ed di scussi on of t hi s pr obl emf or economi es wi t h uncer t ai nt y, see al so
Chi chi l ni sky and Heal [ 9] . The f i r st or der condi t i ons f or t he pr ovi si on of a pub-
l i c good ( see At ki nson and St i gl i t z [ 20] ) assumes t hat agent s make i ndependent

consumpt i on deci si ons, but t hat t he good i s pr ovi ded by a cent r al pr oduct i on
f aci l i t y . I t i s t hen st r ai ght f or war d t o der i ve t he cl assi cal f i r st - or der condi t i ons
st at i ng t hat t he sum of agent s' mar gi nal r at es of subst i t ut i on bet ween t he publ i c
good and a pr i vat e good, must equal t he mar gi nal r at e of t r ansf or mat i on be-
t ween t he t wo i n t he cent r al pr oduct i on f aci l i t y . Fr omt hi s one may be t empt ed

t o deduce t hat t he mar gi nal cost of abat ement must be equal i zed among al l
count r i es, but t hi s woul d be i ncor r ect . I n cont r ast wi t h t he cl assi cal case, each
count r y pr oduces emi ssi ons or abat ement on i t s own, and i t may do so wi t h
di f f er ent t echnol ogi es . The r esul t s ar e t hen si gni f i cant l y al t er ed . Ther e i s no
cent r al pr oduct i on f aci l i t y whi ch t r ansf or ms a consumpt i on good i nt o a bet t er

at mospher e concent r at i on or a l ower cl i mat e r i sk : t hi s pr ocess i s under t aken
i ndependent l y i n each count r y vi a i t s own emi ssi on or abat ement ef f or t s . Hence
whi l e t he at mospher e i s a cl assi c publ i c good, t he way i t i s pr oduced i s not
cl assi c, and t he f i r st or der condi t i ons f or ef f i ci ent pr ovi si on of t hi s " good" ar e
di f f er ent f r om t he cl assi cal one, and cl oser t o t hose char act er i st i c of a gener al

ext er nal i t y . I n f act our model i n t hi s Sect i on i s consi st ent wi t h t hat of Baumol

and Oat es [ 1] , Sect i on 4 .

The anal ysi s of Pi gouvi an t axes f or mar ket s wi t h ext er nal ef f ect s whi ch deal s

wi t h t he opt i mal t ax f or t he pr ovi si on of pr i vat e goods whi ch pr oduce ext er nal -

i t i es, but ar e never t hel ess pr i vat e i n t he sense t hat one per son' s consumpt i on

pr ecl udes ot her s' consumpt i on, i s not appl i cabl e her e . By cont r ast , her e t he
good a i n quest i on ( e . g . t he concent r at i on of C02 i n t he at mospher e) i s a pub-

l i c good . Thi s i s because C02 i n t he at mospher e mi xes ver y uni f or ml y, and t he
whol e wor l d i s subj ect t o si mi l ar concent r at i ons .

Pr oposi t i ons 1 and 2 i mpl y t hat t he equal i zat i on of mar gi nal cost s of abat e-

ment i s t her ef or e not a r el i abl e gui de t o ef f i ci ent economi c al l ocat i ons . Anot her
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i mpl i cat i on i s t hat t her e i s no economi c r eason f or pl aci ng t he bur den of t he
l ar gest i ni t i al emi ssi on changes on t hose count r i es wi t h l ower mar gi nal cost s .
Pl aci ng t he bur den of t he i ni t i al adj ust ment s on t he hi gher i ncome count r i es
coul d i n f act be mor e ef f i ci ent , as demonst r at ed i n Pr oposi t i ons 1 and 2 .
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