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1 . 1 Pr oper t y Ri ght s and t he Dynami cs of

Renewabl e Resour ces i n Nor t h- Sout h Tr ade

GRACI ELA CHI CHI LNI SKY I

St anf or d Uni ver si t y, St anf or d, CA and Col umbi a Uni ver si t y, New Yor k,

U. SA .

ABSTRACT

To expl ai n t he pat t er ns of wor l d t r ade of r esour ces, t hi s paper combi nes t he bi o-

l ogi cal dynami cs of t he r enewabl e r esour ce and game t heor et i cal expl anat i ons

of i t s ext r act i on under di f f er ent pr oper t y r egi mes, wi t h a gener al equi l i br i um

model of Nor t h Sout h t r ade ( Chi chi l ni sky, 1981, 1986) . The t wo r egi ons pr o-

duce, consume and t r ade t wo goods usi ng t wo i nput s, a r enewabl e r esour ce E

and capi t al . To expose t he i mpor t ance of pr oper t y r i ght s i n expl ai ni ng t r ade,

t he t wo r egi ons ar e t aken as i dent i cal except f or t he pr oper t y r i ght s r egi mes on

t he pool f r om whi ch t he r esour ce i s ext r act ed : t he Sout h has common pr oper t y

and t he Nor t h pr i vat e pr oper t y . The paper f or mul at es t he Nash equi l i br i um of

a game whi ch expl ai ns t he har vest i ng of t he r esour ce under di f f er ent pr oper t y

r i ght s r egi mes : mor e i s suppl i ed at each pr i ce under unr egul at ed pr oper t y r i ght s

t han i t i s wi t h pr i vat e pr oper t y ( Lemma 1) . Theor em 1 pr oves t hat t he di f f er ence

i n pr oper t y r i ght s by i t sel f expl ai ns t r ade bet ween ot her wi se i dent i cal r egi ons :

t he Sout h expor t s t he envi r onment al l y i nt ensi ve pr oduct even t hough i t has no

compar at i ve advant age and t he Nor t h t he capi t al i nt ensi ve pr oduct s . The Nor t h

over consumes t he r esour ce i nt ensi ve pr oduct s whi ch i t i mpor t s at pr i ces whi ch

ar e bel ow soci al cost s . Thi s occur s even t hough i n equi l i br i um t he pr i ces of al l

goods and al l f act or s of pr oduct i on ar e equal acr oss t he wor l d . Resour ces ar e

over ext r act ed and t he wor l d pat t er n of consumpt i on and t r ade of r esour ces i s

Par et o i nef f i ci ent . Sever al pol i ci es whi ch coul d r edr ess t he i nef f i ci ency, par t i cu-
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l ar l y r ecent pr oper t y r i ght s pol i ci es t owar ds bi odi ver si t y and l and owner shi p i n

t he Amer i cas, ar e di scussed i n t hi s paper .

1 . I NTRODUCTI ON

The gl obal envi r onment can be descr i bed by t he physi cal dynami cs and t he

economi c use of t he ear t h' s r esour ces . I t has become, t a cer t ai n ext ent , a Nor t h-

Sout h i ssue . 2 Devel opi ng count r i es t end t o speci al i ze i n t he pr oduct i on and t he

expor t of goods whi ch depl et e envi r onment al r esour ces such as r ai n f or est s, or

mi ner al s whose combust i on l eads t o t he emi ssi on of gr eenhouse gases . Cur r ent l y

t wo t hi r ds of t he expor t s f r omLat i n Amer i ca ar e r esour ces, and r esour ces make

an even hi gher pr opor t i on of Af r i ca' s expor t s . Most of t hese r esour ces ar e

i mpor t ed and consumed by t he i ndust r i al count r i es . For exampl e, most of t he

wor l d' s pr oduct i on of wood pul p i s consumed i n t he i ndust r i al count r i es, as i s

t he pet r ol eum expor t ed by devel opi ng count r i es . The r esul t i s t hat i ndust r i al

count r i es account f or appr oxi mat el y 75% of t he wor l d' s C02 emi ssi ons : t he

US al one consumes 25- 30%of t he wor l d' s oi l pr oduct i on year l y ( Chi chi l ni sky,

1994x) . When t r yi ng t o def i ne pr eci sel y t he concept of sust ai nabl e devel opment

we ar e l ed t her ef or e t o quest i on t he r ol e of i nt er nat i onal t r ade . 3 I n pr act i cal

t er ms : ar e t r ade pol i ci es based on t he t r adi t i onal compar at i ve advant ages of

devel opi ng count r i es compat i bl e wi t h envi r onment al pr eser vat i on? Shoul d t he

devel opi ng count r i es expor t mor e r esour ce and l and i nt ensi ve pr oduct s such as

agr i cul t ur al goods? Or shoul d a new vi si on of i nt er nat i onal t r ade, one t hat i s

mor e consi st ent wi t h t he wor l d' s envi r onment , r epl ace t he ol d?

Thi s paper st udi es t hese i ssues wi t hi n a t wo r egi on wor l d economy wher e t he

Nor t h r epr esent s t he i ndust r i al count r i es and t he Sout h t he devel opi ng count r i es .

I consi der a cl ass of envi r onment al i ssues ar i si ng f r om t he use of r enewabl e

envi r onment al r esour ces as i nput s t o t he pr oduct i on of t r aded goods . Typi cal

exampl es ar e r ai n f or est s used f or t i mber , or dest r oyed t o gi ve way t o t he

pr oduct i on of cash cr ops such as cof f ee, sugar and pal moi l . 4 I n many devel opi ng

count r i es, t hese ar e unr egul at ed common pr oper t y r esour ces ( Dasgupt a and Heal .

1979) whose owner shi p i s shar ed wi t h f ut ur e gener at i ons ( Ar r ow and Fi sher .

1974) .

I t coul d be ar gued t hat sust ai nabl e devel opment i s al l about t he pr oper man-

agement of t he wor l d' s r enewabl e r esour ces . I f pet r ol eum i s r epl aced by f uel s

based on bi omass as cur r ent l y done i n par t s of Br azi l and Aust r i a, and el ect r i ci t y
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i s gener at ed by wi nd or wat er power as i s done i n par t s of Eur ope and t he USA,

t hen even ener gy can be obt ai ned f r om r enewabl e r esour ces . The at mospher e

can be consi der ed a r enewabl e or sel f - r egener at i ng r esour ce, as ar e bodi es of

wat er , f or est s and f i sher i es . To a gr eat ext ent t he gl obal envi r onment al di l emma

i s descr i bed by t he dynami cs of t he pr oduct i ve use of t he ear t h' s r enewabl e

r esour ces .

Fol l owi ng t he Heckscher - Ohl i n si mpl e and power f ul f or mul at i on, t he pr ob-

l em of Nor t h- Sout h t r ade i s st udi ed her e i n a t wo r egi on wor l d wi t h t wo goods

and t wo i nput s of pr oduct i on each . I consi der compl et el y unr egul at ed compet

i t i ve economi es whi ch t r ade f r eel y wi t h each ot her i n t he i nt er nat i onal mar ket .

Ther e ar e, however , t wo si gni f i cant depar t ur es f r om t r adi t i onal t r ade t heor y . One

i s t hat one i nput t o pr oduct i on i s an envi r onment al r esour ce . Thi s envi r onment al

r esour ce i s sel f - r enewabl e and i n pr i nci pl e exhaust i bl e, such as a f or est or a

f i sher y . I t s popul at i on dynami cs i s r epr esent ed by a di f f er ent i al equat i on whi ch

descr i bes t he demogr aphi c pr ogr ess of t he speci es, i t s st ock t hr ough t i me . The

ecol ogi cal dynami cs of t he r esour ce t hen mer ges wi t h t he f unct i oni ng of t he t wo

r egi on mar ket economy whi ch uses t he st ock of t he r esour ce as an i nput t o t he

pr oduct i on of t r aded goods . Our concer n i s t o st udy t he i mpact t hat i nt er nat i onal

t r ade bet ween t he r egi ons has on t he pr ogr ess of t he speci es . The second maj or

depar t ur e f r om t r adi t i onal t heor y i s t hat t he r egi ons ar e char act er i zed her e by

t hei r pr oper t y r i ght s r egi mes f or t he envi r onment al r esour ce t o emphasi ze t he

i mpor t ance of pr oper t y r i ght s i n expl ai ni ng t r ade, t he t wo r egi ons ar e t aken t o

be i dent i cal i n ever y way ( same t echnol ogi es, i nput s, pr ef er ences) except i n

t he pr oper t y r i ght s r egi mes on a pool f r om whi ch t he r enewabl e r esour ces ar e

ext r act ed . I n t he Nor t h pr oper t y r i ght s ar e wel l def i ned, whi l e i n t he Sout h t he

envi r onment al r esour ce i s common pr oper t y .

I t seems wor t h mot i vat i ng t hi s f r amewor k of anal ysi s and r el at i ng i t wi t h t he

t r adi t i onal t heor y of i nt er nat i onal t r ade . The r egi ons i n a Heckscher - Ohl i n wor l d

di f f er sol el y i n t hei r r el at i ve f act or endowment s, and t hi s di f f er ence suf f i ces t o

expl ai ns t r ade f l ows . However , endowment s do not al ways expl ai n obser ved t r ade

f l ows i n envi r onment al r esour ces . For exampl e Hondur as i s an act i ve expor t er of

wood t o t he US, even t hough t he US i s over whel mi ngl y r i cher i n f or est ed l and

and Hondur as r el at i vel y r i cher i n l abor . Ri car do' s expl anat i on of why count r i es

t r ade does not wor k i n t hi s cont ext ei t her , because US l abor i s mor e pr oduct i ve i n

wood ext r act i on t han i s Hondur as' . I t i s wor t h obser vi ng however t hat Hondur as'

f or est s ar e most l y a nat i onal pr oper t y, whi l e wood cut t i ng i n t he US occur s

most l y i n pr i vat e l and . Pr oper t y r i ght s i n t he t wo r egi ons ar e di f f er ent , wi t h
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Hondur as t r eat i ng i t s f or est s as unr egul at ed common pr oper t y . Anot her exampl e

i s pr ovi ded by t he t r adi t i onal r ubber - t opper s i n t he Amazon f or est , who use t he

f or est as a common pr oper t y r enewabl e r esour ce ; t he Kor ub Nat i onal Par k i n

Camer oon at 60 mi l l i on year s of age, one of t he ol dest r ai n f or est s i n t he wor l d,

i s al so expi oi t ed as a common pr oper t y r esour ce t o pr oduce pal m oi l f or t he

i nt er nat i onal mar ket ( Rui t enbeck, 1990) . I n t he i ndust r i al count r i es t he si t uat i on

i s qui t e di f f er ent . Japan has wel l def i ned pr oper t y r i ght s f or envi r onment al

r esour ces such as sun l i ght . The US has an ext ensi ve l egal i nf r ast r uct ur e f or

el i mi nat i ng t he over expl oi t at i on t hat accompani es common pr oper t y r esour ces,

such as t he Hot Oi l Act of 1936 and " uni t i zat i on" l aws ( McDonal d, 1971) .

Ci t i zen' s pr oper t y r i ght s t owar ds t he use of r unni ng wat er ar e wel l est abl i shed

i n t he Uni t ed Ki ngdomsi nce t he Mi ddl e Agess .

Wi t h such exampl es i n mi nd, we consi der t wo r egi ons whi ch di f f er sol el y

i n t hei r pr oper t y r i ght s r egi mes f or an envi r onment al r esour ce whi ch i s used

as an i nput t o pr oduct i on . I t i s i mpor t ant t o di st i ngui sh pr oper t y r i ght s r egi mes

f r om t he r egul at i on of mar ket s . We consi der her e compet i t i ve and unr egul at ed

mar ket s t hr oughout . The envi r onment al r esour ce i s r enewabl e and i n pr i nci pl e

exhaust i bl e . I f l ef t on i t s own i t f ol l ows i t s own ecol ogi cal dynami cs whi ch we

r epr esent by a st andar d di f f er ent i al equat i on . The equat i on i s modi f i ed by t he

economi c use of t he r esour ce as an i nput t o pr oduct i on .

We pr ove t hat due t o t he di f f er ences i n pr oper t y r i ght s f or t he r esour ce, i n a

st eady st at e t he t wo r egi ons wi l l t r ade ; i ndeed t hi s di f f er ence al one expl ai ns t he

pat t er n of t r ade bet ween t he t wo r egi ons . The di f f er ence i n pr oper t y r i ght s f or

t he envi r onment al r esour ce i s shown t o l ead t o a mar ket i nduced " compar at i ve

abundance" of envi r onment al i nput s i n t he Sout h, i n t he sense t hat at each

mar ket pr i ce, t he st abl e st eady st at e ext r act i on of t he envi r onment al r esour ce

i n t he Sout h exceeds t hat of t he Nor t h, Lemma 1 . The r esour ce ext r act i on i n

t he Sout h exceeds opt i mal ext r act i on, so t hat t her e i s over expl oi t at i on of t he

r esour ce . I n some cases t hi s can l ead t o t he ext i nct i on of t he speci es .

A mar ket - i nduced " compet i t i ve advant age" i n r esour ces ar i ses i n t he Sout h

despi t e t he f act t hat t he t wo r egi ons ar e i dent i cal i n t he economi c sense : same

endowment s, t echnol ogi es and pr ef er ences . Fur t her mor e, nei t her r egi on has

envi r onment al r egul at i ons, so t hat di f f er ences i n mar ket r egul at i on do not expl ai n

why t he Sout h expor t s r esour ces t o t he Nor t h .

At a f r ee and compet i t i ve mar ket equi l i br i um, al l pr i ces, f or t he t r aded goods

and f or al l t he i nput s of pr oduct i on, ar e equal acr oss t he r egi ons . Ther ef or e t he

expor t s of t he Sout h ar e not expl ai ned by t he Sout h havi ng l ower i nput pr i ces .
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I n t he absence of any mar ket i nt er vent i on, i t i s shown t hat i n a compet i t i ve

and unr egul at ed mar ket , di f f er ences i n pr oper l y r i ght s bet ween t he t wo r egi ons

l ead t o a st eady st at e pat t er n of i nt er nat i onal t r ade i n whi ch t he Sout h expor t s

envi r onment al l y i nt ensi ve goods, and over ext r act s and uses i t s envi r onment al

r esour ces beyond what i s Par et o ef f i ci ent . I n t hi s wor l d economy, i nt er nat i onal

t r ade i s expl ai ned sol el y by t he di f f er ence i n pr oper t y r i ght s bet ween t he t wo

t r adi ng r egi ons, Theor em 1 .

Gai ns f r om t r ade must now be r edef i ned si nce nei t her Heckscher - Ohl i n nor

Ri car do' s concept s appl y. Thi s i s achi eved i n Sect i ons 2 and 3 . Ther e may be

pr i vat e gai ns f r om t r ade but due t o t he l ack of pr oper t y r i ght s ext er nal i t i es i n

t he ext r act i on of t he r esour ces ar e not i nt er nal i zed . As shown i n Sect i ons 3 and

4, under t hese condi t i ons t r ade can l ead t o pr i vat e gai ns but t o soci al l osses .

We def i ne her e t he concept s of pr i vat e and publ i c compar at i ve advant age and

of pr i vat e and publ i c gai ns f r om t r ade . The weaker ar e t he pr oper t y r i ght s t he

l ar ger i s t he di f f er ence bet ween pr i vat e and publ i c compar at i ve advant age and

bet ween pr i vat e and publ i c gai ns f r om t r ade . Pr i vat e gai ns f r om t r ade i n envi r on-

ment al l y i nt ensi ve goods may be accompani ed by publ i c l osses f r om t r ade, and

pr i vat e compar at i ve advant age may be accompani ed by publ i c compar at i ve di s-

advant ages . Thi s l eads us t o quest i on t he ext ent t o whi ch t r adi t i onal compar at i ve

advant ages i n t he devel opi ng count r i es ar e a good f oundat i on f or Nor t h- Sout h

t r ade .

I t seems wor t h not i ng t hat envi r onment al over use i n t he Sout h does not occur

sol el y because t he l ocal s over consume t hei r r esour ces, but because t hey expor t

t hese r esour ces t o a r i ch i nt er nat i onal mar ket at pr i ces whi ch ar e bel ow soci al

cost s . Thi s i s why t he gl obal envi r onment al i ssue i s i next r i cabl y connect ed

wi t h Nor t h- Sout h t r ade . The Sout h over pr oduces, but most l y because t he Nor t h

over consumes . The i nt er nat i onal mar ket t r ansmi t s and enl ar ges t he ext er nal i t i es

of t he gl obal commons . No pol i cy whi ch i gnor es t hi s connect i on can wor k .

Possi bl e pol i cy i mpl i cat i ons ar e di scussed : t hey i nvol ve i mpr ovi ng pr oper t y

r i ght s of t he l ocal user s of t he common r esour ce . Exampl es of i nnovat i ve i nt er -

nat i onal pr oper t y r i ght s ar r angement s bet ween US i ndust r y and t he l ocal i t i es

near r ai n f or est s i n Cent r al and Sout h Amer i ca ar e di scussed . I n addi t i on, i t

seems i ndi cat ed t o r econsi der t r ade pol i ci es based on t r adi t i onal compar at i ve

advant ages i n t he Sout h . These pol i ci es pr omot e t he expor t of envi r onment al l y

i nt ensi ve goods, such as wood pr oduct s or cash cr ops . The Wor l d Bank has been

f or many year s, and st i l l i s, a st r ong pr omot er f or such pol i ci es . One ought t o

t ake i nt o account t he possi bl e soci al l osses i n t he Sout h f r om f ol l owi ng such
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pol i ci es, as wel l as t he l osses t o t he Nor t h . The over use of r esour ces i n t he Sout h

i s t r ansmi t t ed and enl ar ged by t he i nt er nat i onal mar ket and becomes a pr ob-

l em f or t he wor l d economy . The r esul t i ng al l ocat i on i s i nef f i ci ent f or t he wor l d

economy . Under t hese condi t i ons, ei t her pr oper t y r i ght s i n t he Sout h must be

br ought up t o t he l evel of t he Nor t h' s, or el se t r ade pol i ci es based on t r adi t i onal

compar at i ve advant ages ought t o be de- emphasi zed as much as possi bl e . The

pr oduct i on of agr i cul t ur al pr oduct s f or t he domest i c mar ket coul d be r easonabl y

car r i ed out i n t he Sout h, but pr oduct s based on agr i cul t ur e seem t o be a poor

choi ce f or t hei r expor t s . Such pr oduct s coul d be pr oduced f or domest i c use i n

t he Sout h, but expor t ed by t he Nor t h, whi ch has a compar at i ve advant age i n

t er ms of agr i cul t ur al pr oduct i vi t y . The same hol ds f or ot her envi r onment al l y

i nt ensi ve pr oduct s . Thi s coul d of cour se mean an i ncr ease i n t he mar ket pr i ce

of such pr oduct s, but i f so t hi s woul d i nduce a mor e ef f i ci ent use of r esour ces,

and as such i t shoul d be wel come . I n any case, t he pr i ces of envi r onment al l y

i nt ensi ve goods may not necessar i l y i ncr ease i f t hese ar e expor t ed by t he Nor t h .

Mar ket pr i ces r ef l ect i nput pr i ces as much as t hey r ef l ect t he pr oduct i vi t y of

t hese i nput s . Expensi ve but pr oduct i ve i nput s coul d l ead t o l ower pr i ces : i ndeed

t hi s i s t he exper i ence of agr i cul t ur al pr oduct i on i n t he i ndust r i al count r i es . The

Sout h coul d emphasi ze, i nst ead, ski l l ed- l abor i nt ensi ve pr oduct s, such as con-

sumer el ect r oni cs, bi ot echnol ogy, t el ecommuni cat i ons and ot her manuf act ur ed

pr oduct s whi ch ar e pr oduced under condi t i ons of ext er nal economi es of scal e,

f ol l owi ng t he exampl e of t he new i ndust r i al i zed nat i ons i n Asi a .

The t heor y of t r ade based on di f f er ent i al pr oper t y r i ght s pr esent ed her e i ni -

t i at ed i n Chi chi l ni sky ( 1991) , and on t he Nor t h- Sout h model i nt r oduced i n

Chi chi l ni sky ( 1981, 1986) . The model and t he r esul t s i n t hi s paper di f f er how

ever f r om t he pr evi ous wor k i n t hat t he dynami cs of t he r enewabl e r esour ce

i s cr uci al t o our ar gument s, whi l e al l t he ot her pi eces consi der i nst ead st at i c

economi es . A di st i nct i ve f eat ur e of t hi s paper i s t hat we consi der t he dynami cs

of t he r enewabl e r esour ce whi ch i s used as an i nput t o pr oduct i on, and how t hi s

var i es wi t h di f f er ent pr oper t y r i ght s r egi mes .

The paper i s or gani zed as f ol l ows . Lemma 1 st udi es t he connect i on bet ween

di f f er ent pr oper t y r i ght s r egi mes and t he st eady st at e st ock of t he r enewabl e

r esour ce as a f unct i on of pr i ces . On t he basi s of t hi s r esul t , Theor em 1 est ab

l i shes t he pat t er ns of t r ade i mpl i ed by t he di f f er ence i n pr oper t y r i ght s i n t he

t wo r egi ons . I t shows t hat di f f er ent pr oper t y r i ght s al one expl ai n i nt er nat i onal

t r ade bet ween count r i es, even when t he count r i es ar e ot her wi se i dent i cal ( same

t echnol ogi es, pr ef er ences and endowment s) . Cor ol l ar y 1 expl or es t he wel f ar e
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i mpl i cat i on of changes i n pr oper t y r i ght s . Lemma 1, Theor em 1 and Cor ol l ar y

1 appl y t o unr egul at ed and compet i t i ve mar ket s . Sect i on 6 di scusses pr oper t y

r i ght s pol i ci es . Sect i on 7 i s i s a concl usi on whi ch summar i zes t he r esul t s . The

Appendi x f or mal i zes t he model of Nor t h- Sout h t r ade wi t h var i abl e pr oper t y

r i ght s f or an envi r onment al r esour ce whi ch i s used as an i nput t o pr oduct i on,

and i t pr oves t he uni queness of a mar ket equi l i br i um.

The r esul t s pr ovi de a f oundat i on f or t he desi r abi l i t y of i mpr ovi ng pr oper t y

r i ght s r egi mes, and, i n t hi s sense, suppor t Coase' s ( 1960) pr oposi t i ons wi t hi n

t he cont ext of i nt er nat i onal mar ket s . However , as poi nt ed out i n Chi chi l ni sky

( 1991) , i n our case t he pat t er n of owner shi p of pr oper t y r i ght s mat t er s . Not onl y

shoul d pr oper t y r i ght s be wel l - def i ned, but t he owner s of t hese r i ght s shoul d have

appr opr i at e economi c char act er i st i cs and i ncent i ves, a poi nt whi ch Dasgupt a and

Heal ( 1979) al so make wi t hi n a di f f er ent cont ext .

2 . GAI NS FROMTRADE: PRI VATE VS. SOCI AL DI MENSI ONS

Envi r onment al i ssues ar e gener al l y conenct ed wi t h Exer nal i t i es i n pr oduct i on

and consumpt i on . Ext er nal i t i es come i n many f or ms . They occur f or exampl e

when t he out put of t r aded goods by one f i r m af f ect s t he pr oduct i on by ot her s .

Her e I shal l addr ess, i nst ead, a cl ass of envi r onment al i ssues ar i si ng f r om t he

use of envi r onment al common pr oper t y r esour ces as i nput s of pr oduct i on . I shal l

concent r at e on st udyi ng t he behavi or of f r ee mar ket s i n whi ch t he pr oper t y

r i ght s f or t he common pr oper t y r esour ces var y acr oss r egi ons . Of par t i cul ar

i nt er est i s how pr oper t y r i ght s det er mi ne t he pat t er ns of t r ade i n a f r ee mar ket

( gener al ) equi l i br i um, as wel l as t he pat t er n of envi r onment al use acr oss t he

t r adi ng r egi ons .

Consi der , f or exampl e, a t r opi cal f or est whi ch i s a common pr oper t y r esour ce

used as an i nput t o pr oduct i on of t i mber , pal m oi l , f i sh, t r appi ng, f i shi ng, and

phar maceut i cal pr oduct s based on i t s bi odi ver si t y . The f act t hat envi r onmen

t al r esour ces ar e common pr oper t y r esour ces l eads i nevi t abl y t o a di ver gence

bet ween pr i vat e and soci al cost s ( Dasgupt a, 1990 ; Dasgupt a and Heal , 1979 ;

Baumol and Oat es, 1974) . Many of t hese ar e r enewabl e r esour ces . They can

be " pr oduced" at a cost , up t o a poi nt , and used as cr uci al i nput s t o pr oduc-

t i on . " Over gr azi ng, over f i shi ng, t he depl et i on of t r ees and shr ubs f r om common

l and f or use as f uel ar e f ami l i ar pr obl ems . They ar e t r aceabl e t o t he " common

pr oper t y" nat ur e of such r esour ces as gr azi ng l and, f i sher i es and f or est cover .
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So t oo wi t h t he dr awi ng of wat er f r om aqui f er s whi ch by t he nat ur e of t hi ngs

must usual l y be common pr oper t y even when t he l and cover i ng t he aqui f er i s

pr i vat el y owned" ( Dasgupt a, 1990) .

Common pr oper t y r esour ces have t he char act er i st i c t hat one per son' s use

i nt er f er es wi t h t he use by ot her s, and di mi ni shes t he pr oduct i vi t y of t he r esour ce

t o t hem. Hence pr i vat e r et ur ns exceed soci al r et ur ns and t her e i s over use ( Das

gupt a and Heal , 1979) . Because of t he di ver gence bet ween pr i vat e and soci al

pr i ces, any st andar d measur ement of compar at i ve advant ages and of gai ns f r om

t r ade wi l l be di f f er ent i f comput ed i n t er ms of soci al cost s t han i f comput ed wi t h

pr i vat e cost s . Publ i c and pr i vat e gai ns f r omt r ade wi l l di f f er .

When t he envi r onment i s t aken ser i ousl y, and we have l i t t l e choi ce i n t he

mat t er , t he cl assi cal t heor ems on i nt er nat i onal compar at i ve advant ages and gai ns

f r om t r ade must be r econsi der ed . We must now account f or publ i c compar at i ve

advant ages and f or publ i c gai ns f r om t r ade . Obvi ousl y t hese coul d be ver y

di f f er ent f r om t hei r pr i vat e count er par t s . 6 We t ur n now t o t he f or mal i zat i on of

t hi s i ssue .

3 . AGENERAL EQUI LI BRI UMMODEL OFNORTH- SOUTHTRADE:

PUBLI C VS. PRI VATE COMPARATI VE ADVANTAGES

We shal l st udy publ i c vs . pr i vat e compar at i ve advant ages and gai ns f r omt r ade

wi t hi n a gener al equi l i br i um model i n whi ch t he envi r onment ent er s as an i nput

of pr oduct i on . Envi r onment al r esour ce mar ket s wi l l be shown t o r ef l ect and

t r ansmi t al l aspect s of t he pr i vat e vs . publ i c di l emmas . Thr ough t hese mar ket s,

envi r onment al i nput s have an i mpact on t he gener al equi l i br i um of t he econ-

omy : on t he mar ket pr i ce of goods, t he di st r i but i on of i ncome, t he pat t er ns of

consumpt i on and i nt er nat i onal t r ade .

The model we def i ne i s a t wo goods, t wo i nput s, t wo count r y model si mi l ar

t o t hat of Heckscher - Ohl i n ( Ohl i n, 1933) , a ver si on of t he Ar r ow- Debr eu model .

However , i n t er ms of t he under l yi ng anal yt i cal st r uct ur e t her e i s a maj or di f f er

ence : t he t r eat ment of one of t he i nput s . Thi s i nput i s a r enewabl e envi r onment al

r esour ce wi t h i t s own ecol ogi cal dynami cs . Fr om t he st eady st at e behavi or of

t hi s dynami cs we der i ve t he suppl y f or t he st ock of t he r esour ce as a f unct i on of

i t s pr i ce . The suppl i es of i nput s i n t hi s economy, capi t al h and envi r onment al

r esour ces E, ar e t her ef or e pr i ce dependent , i n cont r ast wi t h t he Heckscher - Ohl i n

t heor y wher e t hey ar e, i nst ead, f i xed .
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I n t he next sect i on we der i ve t he st eady st at e behavi or of t he suppl y of t he

r esour ce as a f unct i on of pr i ces . Fr omt he ecol ogi cal dynami cs of t he r esour ce

and i t s economi c use, we der i ve a st eady st at e r el at i on bet ween t he quant i t y of t he

ext r act ed r esour ce and t he pr i ce of t he r esour ce, E' = EI ( PE ) . Thi s i s gener al l y

an i ncr easi ng f unct i on so t hat we may al so wr i t e i t s i nver se PE = PE( E) , wher e

pE i s t he pr i ce of a uni t of t he envi r onment al r esour ce E. 7 I n t hi s sense t he

model f ol l ows Chi chi l ni sky' s Nor t h- Sout h model ( 1981, 1986) wher e i nput s ar e

pr i ce dependent , but her e t he i nput s of pr oduct i on ar e capi t al and envi r onment al

r esour ces, r at her t han capi t al and l abor . A di st i nct i ve f eat ur e of t hi s paper i s t hat

we consi der t he dynami cs of t he r enewabl e r esour ce whi ch i s used as an i nput

t o pr oduct i on, and how t hi s var i es wi t h di f f er ent pr oper t y r i ght s r egi mes . Thi s

changes t he anal ysi s si gni f i cant l y, as shown i n Lemma 1 and Theor em l . Ther e

ar e t wo maj or di f f er ences wi t h ear l i er ver si ons of t he Nor t h- Sout h model . One i s

t hat her e one of t he i nput s i s a common pr oper t y r esour ce and i t s suppl y cur ve i s

shown t o be det er mi ned by and t o var y wi t h, t he st r uct ur e of pr oper t y r i ght s i n t he

economy ( Sect i on 4) . I n t he Nor t h- Sout h model ( Chi chi l ni sky, 1986) t he i nput s

ar e pr i vat e goods, and t hei r pr i ce- dependent suppl y cur ves ar e f i xed t hr oughout ,

so t hat t he i mpact of pr oper t y r i ght s on t he suppl y of common pr oper t y r esour ces

coul d not be exami ned . The ef f ect s of pr oper t y r i ght s r egi mes on t he suppl y of

r esour ces wer e al so exami ned i n Chi chi l ni sky ( 1991) , but onl y wi t hi n a st at i c

economy .

The model f or one r egi on i s f or mal i zed as f ol l ows . Ther e ar e t wo i nput s

of pr oduct i on, K, capi t al , and E, t he envi r onment al r esour ce . They ar e used t o

pr oduce t wo goods, A and B; B i s mor e i nt ensi ve i n t he use of t he envi r onment al

r esour ces t han A, whi ch i s mor e capi t al i nt ensi ve . The pr oduct i on f unct i ons ar e

A = f ( KA, EA) and B = g( KB, EB) , bot h of whi ch ar e concave and exhi bi t

const ant r et ur ns t o scal e . A st r i ct l y concave homot het i c ut i l i t y f unct i on U( A, B)

f or goods i s post ul at ed ; t hi s coul d be consi der ed t he count r y' s " communi t y

pr ef er ence" . g I ni t i al endowment s of E and K ar e gi ven by t he suppl y f unct i ons

PE = PE( E) and r = r ( K) , wher e PE denot es t he pr i ce of t he envi r onment al

r esour ce, and r t he r ent al pr i ce of capi t al . Es = Es( PE) i s der i ved i n t he next

sect i on f r omt he ecol ogi cal dynami cs of t he r enewabl e r esour ce i nt er act i ng wi t h

t he opt i mal economi c ext r act i on r at e . Her e i t suf f i ces t o not e t hat bot h of t hese

f unct i ons ar e cont i nuous and i ncr easi ng i n t hei r ar gument s, and i n par t i cul ar ,

i nver t i bl e, E = E( pE) and K = K( r ) . One of t he goods, A, i s t he numer ai r e,

i . e . PA = l . Si nce endowment s, t echnol ogi es and pr ef er ences ar e def i ned, al l

i ngr edi ent s of a acner al equi l i br i um model have been pr ovi ded .
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Demand i s f or mal i zed as usual . For each vect or of pr i ces 9 P = ( PE, r , PB)

ut i l i t y U( A, B) i s maxi mi zed subj ect t o a budget const r ai nt : t he val ue of con-

sumpt i on of A and B cannot exceed t he val ue of i ni t i al endowment s . Under

appr opr i at e ( st r i ct ) concavi t y assumpt i ons, t hi s yi el ds an aggr egat e demand

vect or f or commodi t i es denot ed ( DA, DB) , and a demand vect or f or i nput s

denot ed ( DK, DE) , f or each pr i ce vect or p . For mal l y :

( DA, DB, DK, DE) = D( PB, r , PE)

Suppl y i s f or mal i zed as f ol l ows . At each pr i ce vect or p = ( pE, r , PB) a quant i t y

of i nput s i s suppl i ed accor di ng t o t he suppl y f unct i ons PE = PE( E) and r =

r ( K) . We shal l assume t hat E i s pr oduced i n t he Sout h f r oman i nput x whi ch

r epr esent s f or exampl e l abor i n t he subsi st ence sect or of t he economy .

The pr oducer s of goods A and B use t hese i nput s ef f i ci ent l y, and so t hat al l

avai l abl e capi t al and envi r onment al r esour ces ar e empl oyed . Thi s det er mi nes

t he quant i t y of A and B pr oduced, 10 denot ed ( SA, SB) = S( PE, r , PB) .

The excess demand f unct i on of t he economy i s t her ef or e O( PB, r , PE) _

D( PB, r , PE) - S( PB, r , PE) . Because t he budget const r ai nt i s sat i sf i ed, at al l

pr i ces Wal r as Law i s t oo : t he val ue of excess demand equal s zer o :

( DA - f ( K, E) ) + PB( DB - g ( K, E) )

+ r . ( DK - K( r ) ) + PE- ( DE - E( PE) ) = 0.

	

( 2)

Aone r egi on equi l i br i um i s a pr i ce vect or p* at whi ch each of t he f our mar ket s

cl ear s" i . e . p* = 0 - i ( 0) ( or p* E{ O- 1( 0) } ) . Thi s i s a st andar d def i ni t i on of a

mar ket equi l i br i um i n a compet i t i ve mar ket economy .

The t wo r egi on model ( Nor t h- Sout h) gener al equi l i br i ummodel i s const r uct -

ed as usual by consi der i ng t wo one- r egi on model s t oget her , and r el axi ng t he

hypot hesi s t hat each commodi t y mar ket ( f or goods A and B) cl ear s i n each

r egi on, so as t o al l ow i nt er nat i onal t r ade . I nput mar ket s cl ear i n each count r y

because f act or s ( K and E) ar e not t r aded i nt er nat i onal l y . For t he same r eason,

i n a wor l d equi l i br i um t he pr i ces of t hese i nput s coul d i n pr i nci pl e be di f f er ent

i n t he t wo count r i es al t hough we pr ove bel ow t hat at a wor l d equi l i br i um al l

pr i ces, i ncl udi ng i nput pr i ces, ar e equal acr oss t he wor l d economy . 12

The t wo r egi ons ar e assumed t o be i dent i cal i n most r espect s : same t ech-

nol ogi es, same i nput s and pr oduced goods, same ut i l i t i es and t he same suppl y

f unct i on f or capi t al . The onl y di f f er ence bet ween t he r egi ons i s i n t he pr oper t y

r i ght s whi ch wi l l l ead i n t ur n t o di f f er ent suppl y f unct i ons 13 f or t he envi r onmen-

t al common pr oper t y r esour ce E, t o whi ch we nowt ur n .
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We shal l consi der t wo t ypes of suppl y cur ves f or t he envi r onment al common

pr oper t y r esour ce : one i s t he pr i vat e suppl y cur ve, der i ved f r om t he pr i vat e

mar gi nal cost cur ve of usi ng or ext r act i ng t he r esour ce, t he ot her t he soci al

suppl y cur ve der i ved f r om t he soci al mar gi nal cost s of use or ext r act i on, and

whi ch t akes account of t he negat i ve ext er nal i t i es t hat each user has on ot her s .

Thi s i s f or mal i zed i n t he f ol l owi ng sect i on, wher e we show t hat at each mar ket

pr i ce t he pr i vat e
14

suppl y cur ve pr ovi des mor e E t han t he soci al suppl y cur ve .

I n t he model we shal l consi der one suppl y cur ve f or t he Nor t h, i t s soci al suppl y

cur ve, and t wo f or t he Sout h, bot h t he soci al and t he pr i vat e suppl y cur ves . Thi s

i s because we assume t hat pr oper t y r i ght s f or envi r onment al common r esour ces

i n t he Nor t h ar e suf f i ci ent l y good t hat most soci al cost s ar e i nt er nal i zed . The

Nor t h' s soci al and pr i vat e cur ves ar e t her ef or e ver y cl ose, and we assume t hey ar e

equal . On t he ot her hand, i n t he Sout h such pr oper t y r i ght s ar e not wel l - def i ned,

so t hat t he pr i vat e and soci al cur ves ar e qui t e di f f er ent . Thi s i s subst ant i at ed i n

t he next sect i on . Usi ng t he t wo di f f er ent cur ves i n t he Sout h, pr i vat e and soci al ,

l eads t o di f f er ent concept s of compar at i ve advant ages and of gai ns f r omt r ade .

A new concept of compar at i ve advant age must now be def i ned . Nei t her t he

Ri car di an nor Heckscher - Ohl i n concept s can be ut i l i zed her e : si nce t echnol ogi es

ar e t he same, Ri car di an compar at i ve advant age does not exi st i n our model , and

si nce t he endowment s of f act or s var y wi t h t hei r pr i ces, t he Heckscher - Ohl i n

concept of compar at i ve advant age i s not wel l - def i ned her e ei t her . We adopt t he

f ol l owi ng def i ni t i on : Regi on S i s sai d t o have a compar at i ve advant age i n t he

pr oduct i on of good B, whi ch i s i nt ensi ve i n t he use of t he i nput E, when f or

each pr i ce PE t he suppl y of E r el at i ve t o t hat of K i n r egi on S i s l ar ger t han

t he cor r espondi ng r el at i ve suppl y i n r egi on N at t he same pr i ce . Obvi ousl y

t hi s def i ni t i on r equi r es t hat we speci f y whi ch suppl y cur ve i s used : We shal l

di f f er ent i at e bet ween publ i c and pr i vat e compar at i ve advant ages as f ol l ows .

Pr i vat e compar at i ve advant age i n r egi on S i s def i ned by usi ng t he pr i vat e

suppl y cur ve f or E i n t he Sout h ; publ i c compar at i ve advant age i s def i ned by

usi ng t he soci al suppl y cur ve f or E. As we shal l pr ove i n t he f ol l owi ng sect i on,

when pr oper t y r i ght s ar e l ess devel oped i n t he Sout h, t he Sout h wi l l exhi bi t a

pr i vat e compar at i ve advant age i n t he pr oduct i on of B, even t hough i t has no

publ i c compar at i ve advant age .

Di f f er ent suppl y cur ves wi l l al so gi ve r i se t o di f f er ent pr oduct i on possi bi l i t y

set s . Consi der at each pr i ce vect or p t he quant i t y of E suppl i ed accor di ng t o t he

pr i vat e suppl y cur ve E, and t he cor r espondi ng quant i t y of K = K( r ) . Wi t h t hese

t wo quant i t i es of E and K we may comput e t he set of al l possi bl e combi nat i ons
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of out put s A and B whi ch ar e f easi bl e usi ng t he pr oduct i on f unct i ons f and g .

Thi s set i s denot ed PP" ( p) . Taki ng t he uni on f or al l p, we obt ai n t he pr i vat e

pr oduct i on possi bi l i t y set PPS" = UPPP' ( p) , whi ch we assume t o be convex .

Per f or mi ng t he same pr ocedur e, but usi ng t he soci al suppl y cur ve yi el ds t he

publ i c pr oduct i on possi bi l i t y set PPS' = UPPP° ( p) , whi ch i s al so convex .

At t he wor l d equi l i br i umpr i ce15
P*

	

( PB* >
r * N

	

* N r * s

	

* s
w

	

, PE >

	

> PE ) , wi t h super -=

scr i pt s i ndi cat i ng r egi ons, t he quant i f i es expor t ed and i mpor t ed of t he t wo goods

A and B mat ch : t he wor l d' s excess demand vect or i s zer o, i . e . p~ = owl ( 0) .

Not e t hat t he wor l d' s excess demand f unct i on ow( pw) i s a f unct i on of f i ve r el a-

t i ve pr i ces 16 wi t h val ues i n si x mar ket s : t he mar ket s f or goods A and B, and t wo

mar ket s f or i nput s K and E i n each r egi on ( N and S) . At t he equi l i br i umpr i ce

p~ i n each r egi on t he suppl y of capi t al mat ches i t s demand K( r * ) = Dh ( PI )

and t he suppl y of t he envi r onment al r esour ces mat ches i t s demand as wel l ,

E( PEzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ) = DE( pw) .

Gai ns f r om t r ade ar e def i ned as usual : t hey ar e gi ven by t he i ncr ease i n ut i l i t y

U( A, B) associ at ed f r oma move f r om an equi l i br i umal l ocat i on i n aut ar ky ( each

count r y i n i sol at i on) t o a wor l d equi l i br i um. Agai n we must di f f er ent i at e bet ween

pr i vat e and publ i c gai ns . Publ i c gai ns f r om t r ade ar e comput ed by compar i ng

wel f ar e i n aut ar ky and at a wor l d equi l i br i um, wi t h r espect t o t he model wi t h

publ i c pr oduct i on possi bi l i t y set s . Pr i vat e gai ns f r om t r ade ar e def i ned i n t he

same f ashi on, but usi ng t he pr i vat e pr oduct i on possi bi l i t y set s .

Si nce pr i vat e and publ i c suppl y cur ves ar e si mi l ar i n t he Nor t h, t he Nor t h' s

publ i c and pr i vat e pr oduct i on possi bi l i t y set s ar e al so si mi l ar . Thus pr i vat e and

publ i c gai ns f r omt r ade ar e t he same i n t he Nor t h . Not so i n t he Sout h . The weaker

t he pr oper t y r i ght s i n t he Sout h, t he l ar ger wi l l be t he di ver gence bet ween t he

publ i c and pr i vat e suppl y cur ves, and bet ween t he pr i vat e and publ i c pr oduct i on

possi bi l i t y set s . Thus t he weaker t he pr oper t y r i ght s i n t he Sout h, t he l ar ger wi l l

be t he di ver gence bet ween i t s pr i vat e and i t s publ i c gai ns f r om t r ade .

4 . THE DYNANI I CS OF RENEWABLE RESOURCES WI THDI FFER-

ENT PROPERTY RI GHTS

Thi s sect i on der i ves t he suppl y cur ve f or t he r enewabl e envi r onment al r esour ce E

under di f f er ent pr oper t y f i ght r egi mes . We st udy t he dynami cs of t he popul at i on

of t he r enewabl e r esour ce wi t h and wi t hout economi c use . Fr om i t s st eady st at e

behavi or we der i ve t he suppl y cur ve as a f unct i on of i t s pr i ce . Fi nal l y we show
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H ( Z)

Fi g . 1 .

	

The gr owt h of t he popul at i on i ncr eases wi t h t he popul at i on si ze unt i l

t her e i s over cr owdi ng .

how t he l ong r un suppl y cur ve of t he r esour ce var i es wi t h t he pr oper t y f i ght s

r egi mes .

4 . 1 .

	

The Dynami cs of t he Renewabl e Resour ce

A st andar d manner i n whi ch r enewabl e r esour ces - such as f or est s and f i sher i es

- ar e model ed i s by assumi ng a " popul at i on gr owt h cur ve" t hat descr i bes t he

demogr aphi c pr ogr ess of t he speci es . I f z t i s t he st ock or popul at i on si ze at

t i me t :

i t = H( zt ) .

	

( 3)

The f unct i on H i s f r equent l y assumed t o have a f or m as depi ct ed i n Fi gur e 1

bel ow, i mpl yi ng t hat gr owt h of t he popul at i on i ncr eases wi t h t he popul at i on si ze

unt i l t her e i s over cr owdi ng . Thi s assumes t hat t he speci es pr ogr esses wi t hi n a

st abl e envi r onment . A wel l known case i s when H i s quadr at i c i n z,

z = H( z) = 0z - ,
yz

2
wi t h 0, - y > O,

	

( 4)

whi ch we now assume . Thi s i nt egr at es t o yi el d t he cl assi c l ogi st i c cur ve

zt = Oz, , / [ 1' z, + ( Q - - yzo) exp( - ) t ) ] ,

	

( 5)
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Thi s l ogi st i c cur ve r epr esent s t he popul at i on gr owt h wi t hout economi c i nt er ven-

t i on and wi t hi n a st abl e ecol ogi cal envi r onment . I t has been used i nt er - al i a t o

descr i be t he gr owt h equat i on f or t he hal i but i n t he Paci f i c .

Now assume t hat t he r esour ce i s har vest ed f or use as an i nput t o pr oduct i on.

I f Et ( > 0) i s t he t ot al har vest or " cat ch" at t i me t , t he new gr owt h equat i on

( ecol ogy wi t h economi c i nt er vent i on) t hen r eads :

i t = H( zt ) - Et .

	

( 6)

Consi der now a pr oduct i on f unct i on f or t he r esour ce f r om i nput s x . At each

st ock l evel z we have

E = F( z, x)

wher e x i s t he t ot al i nput , z i s t he st ock and E i s t he quant i t y har vest ed or

ext r act ed whi ch we assume depends al most excl usi vel y on t he i nput x . I f q i s

t he oppor t uni t y cost of t he i nput , and PE i s t he mar ket val ue of t he r esour ce,

bot h gi ven by t he mar ket i n a compet i t i ve f r amewor k, t hen net pr of i t at t i me t i s

7r t = PEF( zt , xt ) - qx t ,

	

( 8)

and opt i mal behavi or under a pr i vat e pr oper t y r egi me i mpl i es t hat

whi ch i mpl i es t hat

F = a1ax( F) = g1PE

	

( 9)

f r om whi ch t he pr obl em i s r educed t o anal yzi ng a si ngl e f i r st or der di f f er ent i al

equat i on . To f i x i deas, consi der f or exampl e t he case wher e

F( z, x) = zax b , 0 < a l b < 1,

	

( 10)

i t = H( zt ) -
( PEb1q) b1( 1_b) zt 1( 1- b) .

	

( 11)

I n t hi s case t he l ong r un or st eady st at e sol ut i on t o t hi s pr obl emr equi r es anal yzi ng

a si ngl e f i r st or der di f f er ent i al equat i on

H( zt ) - ( PEb1 q) b1( 1- b) zt
1( 1- b ) = 0 ( 12)

To st udy t he st abi l i t y of t he st eady st at e sol ut i on we post ul at e t hat t he adj ust ment

mechani sm f or t he i nput x i s t hat t he quant i t y of t he i nput appl i ed t o har vest i ng
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The l ar ger st eady st at e zs i s st abl e under t he assumpt i ons .

t he r esour ce i ncr eases wi t h pr of i t s as def i ned i n ( 8) ( see al so Dasgupt a and Heal ,

1979, p . 122 . ) i . e .

. i t = yr c , wher e

	

> 0 .

	

( 13)

Typi cal l y ( i . e . when a < 1- b) ) t her e wi l l be t wo st eady st at es, gi ven by t he i nt er -

sect i on of t he cur ves H( t ) , a quadr at i c equat i on, and E( z) = ( PE1gb) b1( ' - h)

zt / ~t - 6) )
as i l l ust r at ed i n Fi gur e 2 . The l ar ger st eady st at e ( denot ed zs i n Fi gur e

2) i s st abl e under ( 13) when az - 0, whi ch we now assume . The sol ut i on pat h

of t he adj ust ment pr ocess def i ned by ( 13) depends on i t s i ni t i al val ue ; t he nat ur al

i ni t i al val ue i s t he l ong- r un popul at i on si ze i n i t s nat ur al envi r onment , i . e . t he

l ong- r un st ock wi t hout economi c encr oachment , zo i n Fi gur e 2 . I n t hi s event , t he

popul at i on si ze t ends i n t he l ong r un t o t he st eady st at e zs as i l l ust r at ed i n Fi gur e

2 bel ow, wher e z' i s a f unct i on of TAE and q, zs = zs( PE/ q) . The cor r espondi ng

har vest or ext r act i on i s ES = E' ( PE/ q) .

4 . 2 .

	

Resour ce Suppl i es and Pr oper t y Ri ght s

The sol ut i on z s ( PE/ q) descr i bes t he l ong- r un behavi or of t he st ock of t he

r enewabl e r esour ce E under pr i vat e pr oper t y r egi mes ( equat i ons 7 t o 9) . Not e
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, I

	

PE

E S ( PE )

E

Fi g . 3 .

	

The st abl e st eady st at e of t he r esour ce i s an i ncr easi ng f unct i on of t he

mar ket pr i ce PE .

t hat ES = zs( PE/ q) i s an i ncr easi ng f unct i on of t he r el at i ve mar ket val ue of t he

r esour ce, PE. Thi s i s because a l ar ger val ue of PE l eads t o an upwar ds ver t i cal

shi f t of t he cur ve ( pEb/ q) b1( l - b) zt
/ ( l - 6) i n Fi gur e 2 whi ch i n t ur n i mpl i es a

l ar ger st eady st at e har vest and a cor r espondi ngl y smal l er st eady st at e st ock zs .

For each q, l et

Es = Es ( PE) ,

	

( 14 )

denot e t he suppl y cur ve of t he r esour ce Ei n a st abl e st at i onar y st at e as a f unct i on

of t he pr i ce PE. E' ( pE) i s an i ncr easi ng f unct i on of PE as i l l ust r at ed i n Fi gur e 3 .

The cur ve E$( PE) i n ( 14) i s t he soci al suppl y cur ve of t he r esour ce Eas def i ned

i n Sect i on 3, si nce i t i s der i ved usi ng ( 9) , i . e . maxi mi zi ng pr of i t s and i nt er nal i zi ng

f ul l y t he i mpact of each uni t ext r act i on on t he pr oduct i vi t y of t he f ol l owi ng uni t s .

Our next st ep i s t o st udy t he var i at i on of t he st at i onar y st ock of E, or

equi val ent l y of t he st eady st at e sol ut i on zs, wi t h r espect t o di f f er ent pr oper t y

r i ght s r egi mes . We wi sh t o compar e t he suppl y cur ve f or t he r esour ce wi t h a

common; pr oper l y r egi me - wi t h t he soci al suppl y cur ve ES( PE) def i ned i n ( 14) .
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Compar at i ve Dynami cs of t he St ock of Envi r onment al Resour ces wi t h

Respect t o Pr oper t y Ri ght s

We wi sh t o per f or mt he compar at i ve dynami cs of t he st ock of t he envi r onment al

r esour ce wi t h r espect t o pr oper t y r i ght s r egi mes acr oss st at i onar y st at es . For

each pr oper l y r i ght s r egi me, we must r edef i ne t he pr oduct i on f unct i on i n ( 7)

above t o r ef l ect t he ext ent t o whi ch t he har vest er t akes i nt o consi der at i on t he

ext er nal i t i es t hat i t s har vest i ng pr oduces on t he ot her har vest er s at t hat r egi me .

For exampl e, i n t he pr i vat e pr oper t y r egi me al r eady di scussed t he har vest er f ul l y

i nt er nal i zes t he i mpact of i t s cat ch on t he pr oduct i vi t y of t he next uni t of i nput

by t aki ng i nt o account t he mar gi nal pr oduct i vi t y of t he cat ch ( 9) . Wi t h common

pr oper t y r esour ces t hi s may not be t he case, l eadi ng i n a l i mi t i ng case t o t he

so cal l ed " t r agedy of t he commons" , as di scussed bel ow. I n or der t o compar e

t he suppl y cur ves i n each case, we shal l now der i ve expl i ci t l y t he cost cur ves

associ at ed wi t h t he ext r act i on of E f r om a common pr oper t y r esour ce pool , such

as a f i sher y . 17

Let t her e be N " har vest er s" of a common pr oper l y r esour ce, i ndexed i =

1, . . . , N. Let x, be t he i nput of har vest er t i t o har vest i ng t he common pr oper t y

r esour ce E. Let x = 1: N1 xi . We assume t hat t he i nput s of al l har vest er s ar e

i dent i cal and i nt er changeabl e, so t hat f or each st ock z t he t ot al har vest can be

expr essed as a f unct i on E = F( x) of t he t ot al i nput . We al so assume t hat

al l har vest er s ar e symmet r i c, so t hat f or a st ock z each har vest er obt ai ns as

i t s out put a f r act i on of t he t ot al out put equal t o t he f r act i on t hat i t suppl i es of

t he t ot al i nput , f or mal l y Ei = F( x) ( x i l x) . These ar e al l nat ur al and st andar d

assumpt i ons, as i n Dasgupt a and Heal ( 1979) , Chapt er 3 . We assume t hat f or

a st ock z, each har vest er chooses i t s i nput l evel xi t o maxi mi ze t he val ue of

i t s shar e of out put s net of cost s, PEEj ( xi ) - q . xi , t aki ng as gi ven t he out put

l evel s of ot her s, Ej f or j $ i . Her e PE i s t he mar ket i nduced pr i ce of t he

r esour ce, whi ch i s an exogenous par amet er f or t he compet i t i ve har vest er , and

q i s t he " oppor t uni t y cost " of t he i nput xi . We ar e t her ef or e model i ng a Nash

equi l i br i um pat t er n of use of a common pr oper t y r esour ce . Fi nal l y, F( x) i s

assumed t o be st r i ct l y concave, so t hat f or each st ock z t he pr oduct i on of t he

envi r onment al good E i s char act er i zed by st r i ct l y di mi ni shi ng r et ur ns, ar i si ng

per haps f r omt he appl i cat i on of i ncr easi ng mount s of var i abl e i nput x t o a f i xed

body of l and or wat er . Under t hese condi t i ons we show i n t he f ol l owi ng l emma

t hat t he pr i vat e suppl y cur ve of t he common pr oper t y r esour ce l i es bel ow t he

soci al suppl y cur ve .
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Lemma 1

	

Under t he assumpt i ons l i st ed above t he pr i vat e suppl y cur vef or t he

common pr oper t y r esour ce l i es bel ow t he soci al suppl y cur ve, so t hat at each

pr i ce mor e r esour ces ar e suppl i ed under common pr oper t y t han i t i s soci al l y

opt i mal .

Pr oof .

	

Consi der a gi ven l evel of t he st ock z, and l et F( z, x) = F( x) . Then t he

mar gi nal pr oduct of t he i nput x i s F' ( x) , and t he aver age pr oduct i s F( x) l x .

Obser ve t hat by st r i ct concavi t y, F( x) / x > F' ( x) . Look f i r st at mar gi nal pr od-

uct s . The pr i vat e mar gi nal pr oduct of t he i nput i s denot ed Pmp and t he soci al

mar gi nal pr oduct i s Smp . Wi t h i dent i cal har vest er s, i f har vest er i uses i nput s

xi , hi s/ her yi el d i s by assumpt i on yt = x ; F( x) l x, i . e . aver age yi el d per uni t of

i nput t i mes amount of i nput . So har vest er i s pr oduct i on f unct i on f or E i s gi ven

by

Now,

Hence under t he assumpt i ons

yt ( xt ) = x, - F( x) l x .

Pmpi = dl dx ; [ x, F( x) l x] =

d/ dxt [ x, - F( xt + x_, - ) ] / ( x, - + x_t ) wher e x- i = ~xJ .

Pmpi = F( x) l x - } - xi { ( xF' ( x) - F( x) l l x2}

	

( 15)

= F( x) l x + ( xt l x) { F' ( x) - F( x) l x) .

Thi s anal ysi s i s i ndependent of t he number of har vest er s as l ong as t her e i s mor e

t han one, N> 1 . Not e t hat as t he number of har vest er s becomes ver y l ar ge, xi l x

goes t o zer o, and t he pr i vat e mar gi nal pr oduct becomes t he aver age pr oduct . I n

t hi s l i mi t i ng case we r ecover t he wel l - known r esul t t hat har vest er s equat e i nput

pr i ces t o aver age r et ur n r at her t han t o mar gi nal pr oduct , t he basi s of t he " t r agedy

of t he commons" . Our r esul t s, however , do not r el y on any l i mi t i ng assumpt i ons

on t he number of har vest er s . Si nce Smp ; = F' ( x) ,

Smp; - Pmpt = F( x) - F( x) l x - ( xt l x) [ F' ( x) - F( x) l x]

	

( 16)

= [ F ( x) - F( x) / x] [ I - x, - I x] < 0.

Ther ef or e t he soci al mar gi nal pr oduct of t he i nput i s l ower t hat t he pr i vat e one,

and t he cur ve i n Fi gur e 3 i f def i ned wi t h common pr oper t y r esour ces, i s hi gher

t han t he cur ve E( z) def i ned under a pr i vat e pr oper t y r egi me . Si nce F i s a concave
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Fi g . 4 .

	

The st abl e st eady st at e ext r act i on under common pr oper t y r egi mes i s

l ar ger t han t hat under pr i vat e pr oper t y .

f unct i on of x, t hi s i mpl i es t hat f or each gi ven z and at each val ue of PE, t he

st abl e st eady st at e quant i t y har vest ed under a common pr oper l y r egi mes PE- 1

( Fi gur e 4) i s l ar ger t han t he cor r espondi ng amount E' under pr i vat e pr oper t y .

Or , equi val ent l y, t he l ong r un st eady st at e of t he st ock denot ed i s smal l er i n

t he case of common pr oper t y r esour ces t han t he same st eady st at e wi t h pr i vat e

pr oper t y . I n a l i mi t i ng case t he ext r act i on wi t h common pr oper t y r egi mes i s

suf f i ci ent l y hi gh t hat no st eady st at e wi t h a posi t i ve st ock exi st s ( Fi gur e 5) . The

speci es event ual l y di sappear s .

Si nce t he opt i mal cat ch cur ve i s nowhi gher f or each z, t hen f or z = Pzs we

obt ai n t he r el at i on bet ween t he har vest si ze and i t s pr i ce, i . e . t he pr i vat e suppl y

cur ve PE' of t he r esour ce E. Thi s i s an i ncr easi ng f unct i on of PE gi vi ng a l ar ger

st eady st at e har vest of E ( and a smal l er st eady st at e of t he st ock) f or each pr i ce

pE t han does t he soci al suppl y cur ve E' ( PE) i n ( 14) , i . e . f or al l PE,

PE' ( PE) > E( PE)

	

( 17 )

Fi gur e 6 i l l ust r at es t he pr i vat e and soci al suppl y cur ves f or t he envi r onmen-

t al r esour ce E. The soci al suppl y cur ve i s obt ai ned by equat i ng t he oppor t uni t y
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A

H( z)

z

Fi g . S.

	

Ext i nct i on of t he Speci es i n t he Long Run

cost q wi t h t he val ue of Smpt , q = PE. F' ( Z ) . I nst ead, t he pr i vat e suppl y cur ve

i s obt ai ned by equat i ng :

q = Pmp; - FE

5 . PROPERTY RI GHTS ANDNORTH- SOUTH TRADE

We shal l now use t he r esul t s of Sect i on 4 t o st udy t he behavi or of compet i t i ve

and unr egul at ed mar ket s, by anal yzi ng t he pr oper t i es of t he mar ket equi l i br i a of

t he Nor t h- Sout h model def i ned i n Sect i on 3 .

We al r eady obser ved t hat t he Sout h speci al i zes i n t he expor t of envi r onmen-

t al l y i nt ensi ve goods, such as t i mber , cash cr ops r equi r i ng f or est cl ear i ng such

as pal moi l and sugar , and ot her r esour ce i nt ensi ve commodi t i es . I n t hi s sect i on

we shal l est abl i sh t hat a r eason f or t hi s i s t hat common pr oper t y r esour ces ar e

over used i n t he Sout h, because t he t r ue soci al cost s of i nt ensi ve envi r onment al

use ar e not pr oper l y comput ed . Thi s i s al so t r ue i n some measur e i n t he Nor t h .

However , we shal l ar gue t hat t he di ver gence bet ween pr i vat e and soci al cost s i s

much l ar ger i n t he Sout h t han i t i s i n t he Nor t h- Thi s di ver gence causes t he Sout h

t o speci al i ze i n t he expor t of envi r onment al l y i nt ensi ve goods . The di ver gence
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P
E

E

Fi g . 6 .

	

The soci al l y opt i mal suppl y cur ve i s t he soci al suppl y cur ve whi ch

i nt er nal i zes al l ext er nal i t i es ( under pr i vat e pr oper t y r egi mes) . The soci al suppl y

cur ve suppl i es l ess r esour ces at each pr i ce t han does t he pr i vat e suppl y cur ve .

bet ween pr i vat e and soci al cost s i s, i n t ur n, expl ai ned by t he l ack of pr oper t y

r i ght s i n common pr oper t y pool s f r omwhi ch t he r esour ce i s ext r act ed .

Consi der t he Nor t h- Sout h model wher e t he envi r onment ent er s as an i nput

of pr oduct i on, E. Envi r onment al i nput s wi l l be shown t o have a par t i cul ar l y

pr onounced ef f ect on t he pat t er n of i nt er nat i onal t r ade . Thi s can be seen as

f ol l ows .

Recal l t hat our model has pr i ce- dependent suppl y f unct i ons f or envi r onmen-

t al r esour ces, gi ven by PE = PE( E) , wher e PE i s t he pr i ce of a uni t of t he

envi r onment al r esour ce E. The i mpor t ance of t hi s pr i ce dependence became

cl ear i n Lemma l wher e we pr oved t hat t he suppl y f unct i on of an envi r onment al

r esour ce depends on t he nat ur e of t he pr oper t y r i ght s f or t hat r esour ce . Thi s i n

t ur n wi l l det er mi ne t he pat t er ns of t r ade .

Consi der t he common pr oper t y r esour ce E. I f t her e ar e no r egul at i ons con-

cer ni ng t he use of t he r esour ce and no enf or ceabl e pr i vat e pr oper t y r i ght s i n t hi s

r esour ce, t hen t he cost t o an i ndi vi dual of ext r act i ng an addi t i onal uni t of E as

an i nput of pr oduct i on wi l l be r el at i vel y l ow. Thi s wi l l mer el y r ef l ect t he pr i vat e

cost s such as e . g . i n t he case of a f i sher y, t he pr i vat e cost s of cat chi ng, and i n

t he case of an aqui f er , t he pr i vat e cost s of obt ai ni ng t he wat er . They wi l l not
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r ef l ect t he f ul l i mpact on soci et y of t he use of t he r esour ce, whi ch : n t he case

of t he f i sher y coul d event ual l y be t he depl et i on of t he st ock . I n t he case of t he

aqui f er t hi s coul d be damage f r om over use such as t he sal i nat i on whi ch t akes

pl ace when wat er l evel s f al l bel ow cr i t i cal l evel s ( Dasgupt a, 1982) . I f however

ext er nal i t i es ar e f ul l y i nt er nal i zed ( by r egul at i on or by pr oper t y r i ght s) so t hat

t he cost t o an i ndi vi dual of usi ng t he r esour ce r ef l ect s f ul l y t he soci al cost s of

i t s use, t hen t he pr i vat e cost s wi l l be hi gher and coul d i ncr ease r api dl y wi t h t he

l evel of use ( Dasgupt a and Heal , 1979, Chapt er 3) .

Di f f er ences i n t he st r uct ur e of pr oper t y r i ght s i n t he ext r act i on of t he r esour ce

t hat i s used as an i nput of pr oduct i on wi l l t her ef or e be r ef l ect ed i n di f f er ences i n

t he suppl y condi t i ons of t hat r esour ce . I n i ndust r i al democr aci es pr oper t y r i ght s

ar e bet t er est abl i shed and mor e wi del y enf or ceabl e t han i n devel opi ng count r i es,

and r egul at or y pol i ci es desi gned t o i nt er nal i ze cost s of usi ng an envi r onment al

r esour ce ( such as pol l ut i ng cl ean ai r wi t h aut omobi l e exhaust f umes, or bur ni ng

coal f or heat i ng pur poses) ar e mor e wi despr ead and wi del y enf or ced . Thi s i s

due i n par t t o t he l ar ge cost s associ at ed wi t h a l egal i nf r ast r uct ur e and a syst em

of enf or cement and cont r ol : such cost s ar e r el at i vel y mor e accessi bl e t o r i ch

i ndust r i al count r i es .

I f t he t wo r egi ons ar e i dent i cal but onl y i n t he Nor t h ar e pr oper t y r i ght s f or t he

envi r onment al r esour ce wel l - def i ned, t hen t he pr i vat e cost s of an envi r onment al

r esour ce as an i nput of pr oduct i on wi l l be hi gher i n an i ndust r i al democr acy t han

t hose i n a l ow i ncome count r y . I n bot h count r i es t he soci al cost s ar e t he same,

but i n t he l ow i ncome count r y t he pr i vat e cost s may be wel l bel ow soci al cost s .

We saw i n Lemma 1 t hat t hi s i mpl i es t hat t he suppl y f or envi r onment al r esour ces

wi l l be l ar ger ( a l ar ger sl ope of t he suppl y cur ve) at each l evel of pr i ces i n t he

l ow i ncome count r i es ( t he Sout h) t han i n t he i ndust r i al count r i es ( t he Nor t h) . I n

gener al , t he l ar ger t he di ver gence bet ween pr i vat e and soci al r esour ce cost s, t he

l ar ger wi l l be t he di ver gence bet ween soci al gai ns f r om t r ade and pr i vat e gai ns

f r om t r ade . When soci al pr i ces di f f er wi del y f r ompr i vat e pr i ces what appear s as

a r el at i ve advant age may act ual l y be a r el at i ve di sadvant age . We can t her ef or e

expect t hat consi der i ng t r ade i n a wor l d wher e envi r onment i s a cr uci al i nput

whose suppl i es ar e " abundant " i n t he Sout h because of t he di ver gence bet ween

pr i vat e and soci al cost s, wi l l l ead t o subst ant i al economi c i mpl i cat i ons . Thi s wi l l

be di scussed bel ow.

We may consi der a wi de var i at i on i n pr oper t y r i ght s, i ndeed a cont i nuum

of t hese, par amet er i zed by t he sl ope of t he suppl y cur ve f or t he envi r onment al

r esour ce used as an i nput of pr oduct i on . ' I \ vo l i mi t i ng cases wi l l be expl or ed :
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when t he i nput i s a common pr oper t y r esour ce, and when t he i nput i s i nst ead

pr i vat el y owned . Bet ween t hese t wo l i mi t i ng cases t her e i s a wi de var i et y of

pr oper t y r i ght s r egi mes i n whi ch t he i nput i s par t l y pr i vat e and par t l y commonl y

owned . As l ong as t he i nput i s not ent i r el y pr i vat e, t he suppl y of t he r esour ce

i s det er mi ned wi t hout f ul l y account i ng f or t he cost s of each i ndi vi dual ' s use t o

ot her s, and t her ef or e t he ext r act i on of t he r esour ce wi l l yi el d a f l at t er cur ve, one

whi ch i s mor e r esponsi ve t o t he mar ket pr i ce of t he i nput , t han woul d be t he

case under a pr i vat e pr oper t y r egi me .

Obser ve t hat when t he r esour ce i s pr i vat el y owned, owned f or exampl e by

one f i r m, or by a smal l cooper at i ve of peasant s i n t he r egi on, 18 t hen t he pr i vat e

and t he soci al suppl y cur ves ( or mar gi nal cost cur ves) ar e one and t he same . Our

assumpt i on i s t hat t hi s i s of t en t he case i n an i ndust r i al democr acy, and i ndeed

many pr act i cal exampl es exi st t o subst ant i at e t hi s assumpt i on . But t hi s i s of t en

not t he case i n devel opi ng count r i es . Thi s means t hat i n an i ndust r i al democr acy,

whi ch we cal l t he Nor t h, t her e i s essent i al l y one pr i ce- dependent suppl y cur ve

f or t he envi r onment al r esour ce ( pr i vat e and soci al cost s bei ng t he same) whi l e

i n t he Sout h t her e ar e t wo di f f er ent cur ves, t he pr i vat e and t he soci al cur ves . The

soci al cur ve i s a t heor et i cal cur ve whi ch woul d emer ge i f pr oper t y r i ght s wer e

wel l def i ned i n t he Sout h .

The pr i vat e cur ve pr evai l s i n set t i ng up t he pat t er ns of t r ade i n f r ee mar ket s .

For t he same i nput , under t he same pr oduct i on condi t i ons, t hi s di f f er ence i n

pr oper t y r i ght s l eads t o di f f er ent ef f ect i ve suppl y cur ves i n t he Nor t h t han i n

t he Sout h : a l ower and f l at t er cur ve i n t he Sout h . Thi s i s qui t e i ndependent of

any assumpt i ons on i nput pr i ces or i n any ot her pr i ces . The di f f er ence si mpl y

r ef l ect s t he l ack of pr oper t y r i ght s .

When soci al cost s di f f er subst ant i al l y f r om pr i vat e cost s and pr oper t y r i ght s

ar e not wel l est abl i shed, t he soci al cost of t he envi r onment al i nput i s subst ant i al l y

under est i mat ed by mar ket pr i ces . Thi s means t hat at t he same pr i ce much mor e

of t he i nput woul d be pr ovi ded t han woul d be soci al l y opt i mal . I n ot her wor ds,

t he Sout h, because of l acki ng pr oper t y r i ght s, appear s t o have a r el at i vel y hi gher

suppl y of envi r onment al r esour ces at each pr i ce t han does t he Nor t h . I ndeed, at

each pr i ce, t he suppl i es of f er ed wi l l be hi gher t han t hey ought t o be i f pr oper

soci al cost s wer e comput ed .

The r eal i t y coul d be ver y di f f er ent f r omt he appear ances . Even t hough her e we

assumed f or si mpl i ci t y t hat t he t wo r egi ons ar e i dent i cal , i t i s cl ear t hat t he poi nt

i s r at her - -; f er al. For exampl e, when soci al cost s ar e comput ed, t he Sout h coul d

have a compar at i ve di sadvant age i n t he pr oduct i on of envi r onment al l y i nt ensi ve
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goods even i f i t exhi bi t s a pr i vat e compar at i ve advant age . E. g . t he soci al cost

of ext r act i ng t he same amount of envi r onment al r esour ces coul d be hi gher i n

t he Sout h, due f or exampl e t o a r el at i vel y smal l er t ot al st ock . Ever yt hi ng el se

bei ng equal , t he l ack of pr oper t y r i ght s i n t he Sout h expl ai ns why t he Sout h

speci al i zes i n t he expor t s of envi r onment al l y i nt ensi ve goods . Thi s occur s wi t h

t he f unct i oni ng of mar ket s i n a cl assi cal model of t r ade t hr ough compar at i ve

advant ages . Her e, however , t he compar at i ve advant ages ar e not r eal : t hey der i ve

f r om a mar ket f ai l ur e t o comput e t he t r ue soci al cost s of t he envi r onment al i nput .

Theor em l

	

Consi der t he Nor t h- Sout h model wher e bot h r egi ons have t he same

t echnol ogi es, t he same homot h et i c pr ef er ences, and t he same nat ur al endowment

of envi r onment al i nput s i e . t he same soci al suppl y cur ves . The model as def i ned

i n t he Appendi x has at most one compet i t i ve equi l i br i um. I f t he Sout h has i l l -

def i nedpr oper t y r i ght sf or t he envi r onment al i nput e . g . t he r esour ce i s ext r act ed

f r om a common pr oper t y pool . Then at a wor l d equi l i br i um t he t wo r egi ons

wi l l t r ade, and t he Sout h wi l l expor t envi r onment al l y i nt ensi ve goods . The Sout h

wi l l exhi bi t pr i vat e gai ns f r om t r ade ( as def i ned i n Sect i on 3) but i n a st eady

st at e i t ext r act s mor e envi r onment al r esour ces . and i t pr oduces and expor t s mor e

envi r onment al l y i nt ensi ve goods ( B) t han i s Par et o ef f i ci ent .

Pr oof .

	

Recal l our assumpt i on t hat t he t wo r egi ons ar e i dent i cal , but t he Sout h' s

suppl y of E i s gi ven by t he pr i vat e suppl y cur ve pE' ( PE) whi l e t he Nor t h' s i s i t s

soci al suppl y E' ( PE) . Consi der t he map f r om t he wor l d equi l i br i um commodi t y

pr i ces PA. and pBzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" t o equi l i br i um f act or pr i ces i n each r egi on r * and PE'
19 .

Under t hese condi t i ons, at t he wor l d equi l i br i um pr i ce vect or pw, f act or pr i ces

wi l l be t he same i n t he t wo r egi ons, pE " and r * ( see Appendi x) . However , si nce

t he suppl y cur ve of envi r onment al r esour ces i n t he Sout h, pE' ( PE) , was shown

i n Lemma 1 t o be l ower t han t he suppl y cur ve E' ( PE" ) i n t he Nor t h, at t he

wor l d' s equi l i br i um pr i ce vect or pl , t he Sout h suppl i es mor e envi r onment al

r esour ces t han t he Nor t h ( Fi gur e 6) . I t f ol l ows t hat at p * t he Sout h pr oduces a

l ar ger amount of B t han does t he Nor t h, si nce t he pr oduct i on of B i s i nt ensi ve i n

t he i nput E, whi ch i s mor e abundant i n t he Sout h ( see al so Chi chi l ni sky, 1981,

1986) .

Not e t hat si nce t he t wo r egi ons have t he same homot het i c ut i l i t i es, and at

pt i t he t wo r egi ons f ace t he same r el at i ve pr i ces f or goods A and B, t he Nor t h

and t he Sout h demand goods A and B i n t he same pr opor t i ons . Ther ef or e, at

t he equi l i br i um pr i ce vect or p * bot h r egi ons demand t he same pr opor t i on of A

and B, but t he suppl y of B i n t he Sout h i s pr opor t i onat el y l ar ger . I t f ol l ows t hat
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when t he i nt er nat i onal mar ket s cl ear , t he Sout h must expor t B, and t he Nor t h

i mpor t B, i . e . t he Sout h i s an expor t er of envi r onment al l y i nt ensi ve goods at t he

wor l d equi l i br i um. A comput at i on of wor l d equi l i br i umpr i ces i n t hi s model and

a pr oof of t hef t uni queness, i s i n t he Appendi x .

Now consi der a di f f er ent wor l d equi l i br i um ( denot ed by t he equi l i br i um

pr i ces p* ) wher e t he Sout h' s pr oper t y r i ght s ar e wel l def i ned and t her ef or e t he

suppl y of E i s gi ven by t he soci al suppl y f unct i on E' ( pE) . 2° By assumpt i on t hi s

equi l i br i um i s uni que, and by t he f i r st wel f ar e t heor em, t he equi l i br i umal l ocat i on

i s Par et o ef f i ci ent . I n par t i cul ar t he quant i t y of envi r onment al r esour ces Eused

and t he amount of B pr oduced i n t he Sout h i s Par et o ef f i ci ent at t he equi l i br i um

pE, wi t h E* = E' ( pE) .

Now as shown above, i n t he wor l d equi l i br i um ( p * ) wher e t he Sout h has i l l -

def i ned pr oper t y r i ght s and t her ef or e has a pr i vat e suppl y cur ve f or E, pE' ( PE) ,

t he quant i t y of B pr oduced by t he Sout h exceeds t he quant i t y suppl i ed by t he

Nor t h ( whi ch equal s t he Par et o opt i mum B* ) . Si mi l ar l y, t he quant i t y of E

ext r act ed at t hi s new equi l i br i um, E* = E' ( pE) ) , exceeds t he same quant i t y

at t he equi l i br i um p* * , whi ch i s E* = E' ( pE) . Ther ef or e at p * t he Sout h uses

mor e r esour ces ( E) and expor t s mor e envi r onment al l y i nt ensi ve goods ( B) t han

i s i s Par et o ef f i ci ent , as we wi shed t o pr ove .

Not e t hat t he envi r onment al over use descr i bed i n Theor em 1 i s i nduced by

a compet i t i ve mar ket r esponse t o t he l ack of pr oper t y r i ght s i n t he Sout h :

Cor ol l ar y 1

	

Fr ee and compet i t i ve t r ade l eads t o t he equal i zat i on of al l goods

andf act or pr i ces and i n par t i cul ar equal i zes t hepr i ce of envi r onment al r esour ces

used as hVut s i n t he t wo r egi ons. Yet t he Sout h uses mor e envi r onment al

r esour ces t han t he Nor t h ( and mor e t han i s Par et o opt i mal ) unl ess pr oper t y

r i ght sf or t he common pr oper t y r esour ces ar e i mpr oved i n t he Sout h . i f pr oper t y

r i ght s ar e not i mpr oved i n t he Sout h, t hen i t s expor t s of envi r onment al l y i nt en-

si ve goods ar e i t s domest i c pr oduct i on woul d have t o be cur t ai l ed i n or der t o

achi eve pat t er ns of consumpt i on whi ch dupl i cat e t he Nor t h' s soci al opt i mum.

The equal i zat i on of f act or pr i ces i s est abl i shed i n t he Appendi x .

The cor ol l ar y f ol l ows di r ect l y f r om Theor em 1 and Lemma l . The i nt er est of

t hi s cor ol l ar y i s t o emphasi ze t hat t he over use of envi r onment al r esour ces by t he

Sout h i s not necessar i l y caused by t hei r pr i ces bei ng l ower i n t he Sout h t han i n

t he Nor t h, as i s of t en t hought . Equal i zi ng pr i ces t hr ough t he i nt er nat i onal mar ket

wi l l not r esol ve t he pr obl em of t he wor l d' s over use of envi r onment al r esour ces .
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6 . PROPERTY RI GHTS POLI CI ES

Consi der , f or exampl e, a pol i cy whi ch i mpr oves t he pr oper t y f i ght s of Amazo-

ni an smal l f ar mer s such as r ubber - t apper s . Thi s wi l l change t he suppl y f unct i on

of Amazoni an r esour ces such as l and, t r ees and bi odi ver si t y, and i n t ur n af f ect

r el at i ve i nput pr i ces . I t wi l l i n t ur n change t he comput at i on of compar at i ve advan-

t ages and of gai ns f r om t r ade f r om agr i cul t ur al expor t s based on def or est at i on of

t he Amazon. Pr oduct i on pat t er ns wi l l shi f t . Expor t pat t er ns . wi l l r ef l ect mor e f ul -

l y t he soci al cost of def or est i ng t he Amazon . Exampl es of such pr oper t y r i ght s

appr oach ar e pr ovi ded by r ecent agr eement s i nvol vi ng debt - f or - nat ur e swaps

( Rui t enbeck, 1990) , whi ch change pr oper t y r i ght s i n t he expect at i on of pr ot ect -

i ng envi r onment al r esour ces . Anot her exampl e i s pr ovi ded by r ecent agr eement s

bet ween t he US phar maceut i cal i ndust r y and Cost a Ri ca among ot her count r i es .

The spear head of t hi s pr oj ect i s a pai r of i ngeni ous ef f or t s t o expl oi t t he f or est s t o

obt ai n medi ci nal pr oduct s . The pl ans wer e descr i bed at a Symposi um at Rocke-

f el l er Uni ver si t y, Januar y 1992, or gani zed j oi nt l y by t he Rai n For est Al l i ance, a

non pr of i t or gani zat i on, and t he New Yor k Bot ani cal Gar den' s I nst i t ut e of Eco-

nomi c Bot any . 21 A Cost a Ri can r esear ch i nst i t ut e ( I NBI O) i s pr ospect i ng f or

pr omi si ng pl ant s, mi cr oor gani sms and i nsect s t o be scr eened f or medi cal uses by

Mer ck and Company, t he wor l d' s l ar gest dr ug company . Mer ck & Co . , i n t ur n, i s

suppor t i ng t he pr ospect i ng ef f or t f i nanci al l y and wi l l shar e any r esul t i ng pr of i t s

wi t h Cost a Ri ca i . e . wi l l shar e pr oper t y r i ght s on bi odi ver si t y, see Chi chi l ni sky

( 1993) . The Cost a Ri can gover nment , whi ch has set asi de 25 per cent of i t s l and

as f or est pr eser ves, wi l l use t he r oyal t i es and some of t he i ni t i al payment s t o

suppor t t he conser vat i on ef f or t s . I n anot her ef f or t , a smal l Cal i f or ni an compa-

ny, Shaman Phar maceut i cal s, i s t appi ng t he exper t i se of t r adi t i onal heal er s -

" shamans" or medi ci ne peopl e - i n var i ous par t s of t he t r opi cs . Thi s company

has al r eady i sol at ed a compound f r om a medi ci nal pl ant i n Sout h Amer i ca t hat

i t says i s act i ve agai nst t he i nf l uenza and her pes vi r us . Shaman has f l i ed a pat ent

and t he dr ug i s i nt o cl i ni cal t r i al s . The company i nt ends t o pr omot e t he con-

ser vat i on of t he f or est s by channel i ng some of i t s pr of i t s back t o t he l ocal i t i es

whose medi ci ne peopl e pr ovi ded t he key pl ant s i . e . shar i ng pr oper t y r i ght s . The

t heor y behi nd bot h vent ur es i s t hat ever ybody wi ns : t he wor l d get s new dr ugs,

t he phar maceut i cal compani es ear n pr of i t s, and peopl e i n t he l ocal i t i es ar e j ust l y

compensat ed f or t hei r " i nt el l ect ual pr oper t y" and t hei r conser vat i on and col -

l ect i on ef f or t s . Exampl es of hi ghl y successf ul medi cal r ai n f or est di scover i es

i ncl ude aspi r i n, mor phi ne, t he cur ar e pl ant , di scover ed i n t he 1930' s, t axol ,
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and t he di scover y i n t he 1960' s t hat t he r osy per i wi nkl e coul d be used t o t r eat

chi l dhood l eukemi a and Hodgki n' s di sease .

7. CONCLUDI NGREMARKS

We showed t hat di f f er ent pr oper t y r i ght s r egi mes f or envi r onment al r esour ces

can account f or t he pat t er n of t r ade bet ween t he Nor t h and t he Sout h . The

Sout h expor t s envi r onment al l y i nt ensi ve goods even i f i t i s not wel l endowed

wi t h t hem. We have di scussed sever al exampl es of pol i ci es whi ch coul d l ead t o

t he i mpr ovement of pr oper t y r i ght s i n t he devel opi ng count r i es, par t i cul ar l y i n

t he case of bi odi ver si t y f r om r ai n f or est s . I mpr ovi ng t he pr oper t y r i ght s of t he

l ocal popul at i ons wi l l l ead t o hi gher pr i ces f or t he envi r onment al i nput s, l ower

ext r act i on and expor t s by t he Sout h, and l ower consumpt i on by t he Nor t h . Al l i n

al l , pr oper t y f i ght s i mpr ovement s i n t he Sout h coul d check t he mai n economi c

sour ce of over use: pr i ces whi ch ar e bel ow soci al cost s .

Si mi l ar exampl es hol d f or l and r esour ces . Recent l y t he gover nment of Ecuador

al l ocat ed a pi ece of t he Amazon of t he si ze of t he US st at e of Connect i cut t o

i t s I ndi an popul at i on, a cl ear pr oper t y r i ght s pol i cy . 22 Under t he condi t i ons of

our t heor em, t hi s pol i cy shoul d l ead t o a bet t er use of t he f or est s' r esour ces and

t o a mor e bal anced pat t er n of t r ade bet ween Ecuador and t he US. Jose Mar i a

Cabascango, t he r epr esent at i ve of t he I ndi genous Nat i onal i t i es of Ecuador whi ch

compr i ses about t wo mi l l i on peopl e, has expr essed r esi st ance t o t he over use of

t he Amazon f or oi l expl oi t at i on, or f or gr owi ng cash cr ops f or t he i nt er nat i onal

mar ket . Sever al ot her exampl es of pr oper t y r i ght s pol i ci es wer e pr esent ed i n

some det ai l i n Sect i on 5 . I n par t i cul ar , we di scussed t he pr oper t y r i ght s agr ee-

ment s of Mer ck and Co . , t he l ar gest phar maceut i cal f i r m i n t he wor l d, i n t he

Cost a Ri ca r ai n f or est ( I NBI O) and of Shaman Phar maceut i cal s i n Cent r al and

Sout h Amer i ca, see Chi chi l ni sky ( 1993) .

I t i s t r ue, however , t hat pr oper t y r i ght s may change sl owl y because t hey

r equi r e expensi ve l egal i nf r ast r uct ur e and enf or cement . Poor count r i es may f i nd

t hemsel ves unabl e t o qui ckl y accommodat e such pol i ci es . But t he i mpr ovement

of pr oper t y f i ght s of i ndi genous popul at i ons i n devel opi ng count r i es, whi ch

make up most of t he wor l d' s popul at i on, shoul d cer t ai nl y be consi der ed a maj or

pol i cy goal . Thi s r epr esent s a smal l but appar ent l y gr owi ng t r end i n Br azi l ,

Bol i vi a, Col umbi a . Ecuador , t he Fr ench Guyana and Venezuel a. Suppor t f r om

i nt er nat i onal or gani zat i ons i n est abl i shi ng l egal f r amewor ks and enf or ci ng t he
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f i ght s of i ndi genous popul at i ons shoul d be most desi r abl e . Reci pr ocal l y, any

pol i cy desi gned t o r emove t he r i ght s of l ocal s and i ncr ease t he l and avai l abl e

f or cash cr ops or i ent ed sol el y t o t he expor t s mar ket shoul d be suspect . I ndeed,

r ecent st udi es showt hat 90%of t he t r opi cal def or est at i on occur s wi t h t he pur pose

of t r ansf or mi ng f or est s f or agr i cul t ur al use, much of i t f or cash cr ops f or t he

i nt er nat i onal mar ket ( Amel ung, 1991 ; Bar bi er et al . , 1991, 1992 ; Bi nkl ey and

Vi ncent , 1990 ; Hyde and Newman, 1991) . The Wor l d Bank' s emphasi s on

expor t s of agr i cul t ur al cash cr ops as a f oundat i on f or devel opment i s i n t hi s l i ght

cont r adi ct or y wi t h t he Nor t h' s st at ed desi r e t o pr eser ve gl obal envi r onment al

asset s . Such pol i cy cont r adi ct i ons shoul d be r esol ved i mmedi at el y, si nce t hey

l ead t o an enor mous and danger ous wast e of r esour ces .

But pr oper t y f i ght s ar e onl y one mani f est at i on of t he Nor t h- Sout h di l emma,

one of i t s causes . Ther e ar e out er cl osel y r el at ed causes : t he endemi c pover t y

exper i enced i n many devel opi ng count r i es, par t i cul ar l y i n t hose r egi ons whi ch

have hi st or i cal l y speci al i zed i n t he expor t of envi r onment al l y i nt ensi ve pr oduct s,

such as cash cr ops and mi ner al s, namel y Lat i n Amer i ca and Af r i ca . ' I \ vo t hi r ds

of Lat i n Amer i can expor t s' t oday consi st of r esour ces, and t he Af r i can count r i es

exhi bi t l ar ger pr opor t i ons ( Chi chi l ni sky and Heal , 1987) .

An i nt r i gui ng l i nk bet ween over use of r esour ces and pover t y was est abl i shed

i n Chi chi l ni sky ( 1991) : any pol i cy whi ch l eads t o l ower pr i ces of r esour ces wi l l

al so l ead t o mor e over use ; t hi s i s due t o pover t y and t he accompanyi ng i ncome

ef f ect s . Anot her somewhat unexpect ed aspect of pr oper t y r i ght s pol i ci es i s t hat

t hey may be a pr econdi t i on f or successf ul t axat i on of envi r onment al use . I n t he

shor t r un, t axes or out r i ght bans on t he use of envi r onment al i nput s such as f or est

pr oduct s ar e seen as pr ef er abl e si nce t hey r equi r e l ess f undament al changes t han

t hose i mpl i ed by pr oper t y r i ght s . But t axes may onl y wor k appr opr i at el y when

t he pr oper t y r i ght s on envi r onment al r esour ces ar e i mpr oved ( Chi chi l ni sky,

1991) . Legi sl at i on al l owi ng i ndi genous peopl es i n Lat i n Amer i ca and Af r i ca t o

br i ng t o t he Wor l d Cour t s cl ai ms f or t hei r r i ght s coul d wor k i n t andemwi t h t axes

l evi ed on t he use of envi r onment al r esour ces t owar ds checki ng t he over use of

r esour ces .

I n summar y : pr oper t y r i ght s pol i ci es, ei t her t hr ough gover nment act i on or

t hr ough pr i vat e ent er pr i se as i n t he exampl es of f er ed her e, pr ovi de a hopef ul ,

al most a necessar y, f oundat i on f or r esol vi ng t he Nor t h- Sout h envi r onment al

di l emma . I mpr ovi ng pr oper t y r i ght s shoul d al so l ead t o bet t er , mor e bal anced

i ncome pat t er ns, si nce one of t he most di r ect causes of pover t y i n t he devel opi ng

count r i es i s t he l ack of ent i t l ement f or l and and r esour ces ( Dasgupt a, 1983) .
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Si mi l ar l y, as we have shown her e, pover t y can pr event envi r onment al pol i ci es

based on t axat i on t o wor k i t s i nt ended ef f ect s . Pover t y and envi r onment al abuse

have a common r oot , and bot h ar e t he cor e of t he Nor t h- Sout h envi r onment al

di l emma .
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APPENDI X

A. THE NORTH- SOUTH MODEL ANDI TS SOLUTI ONS

Thi s Appendi x pr ovi des a gener al equi l i br i um f or mul at i on of t he Nor t h- Sout h

model wher e one of t he i nput s of pr oduct i on i n t he Sout h i s a common pr op-

er t y r esour ce . Fact or endowment s i n t he t wo count r i es ar e not f i xed as i n t he

Heckscher - Ohl i n model , but ar e var i abl e, dependi ng on f act or pr i ces . I n t hi s

sense t he model f ol l ows Chi chi l ni sky ( 1981, 1986) but her e t he f act or suppl y

cur ves have sl opes whi ch depend on t he pr oper t y r i ght s f or t he common pr oper t y

r esour ce ( as i n Sect i on 4) whi l e i n Chi chi l ni sky ( 1981, 1986) f act or s ar e pr i vat e

goods . I n addi t i on, Chi chi l ni sky ( 1986) consi der s di f f er ent t echnol ogi es i n t he

t wo r egi ons, whi l e her e t he t echnol ogi es and t he pr ef er ences ar e i dent i cal i n t he

t wo count r i es . Except f or t he var i abl e f act or endowment s, t he model f ol l ows an

Ar r ow- Debr eu f or mul at i on of t wo compet i t i ve economi es t r adi ng wi t h each ot h-

er . Acompar i son of t he wel f ar e pr oper t i es of an equi l i br i um i n t he Nor t h- Sout h

model and t he Ar r ow- Debr eu model can be f ound i n Chi chi l ni sky ( 1990) .

To si mpl i f y not at i on and comput at i on we consi der const ant r et ur ns t o scal e

pr oduct i on f unct i ons and si mpl e ut i l i t i es . The model and i t s r esul t s ar e ext end-

abl e t o a wi de var i et y of ut i l i t y f unct i ons and demand speci f i cat i ons and t o

Cobb- Dougl as and CES pr oduct i on f unct i ons, but at t he cost of si gni f i cant l y

l onger comput at i ons . For such ext ensi ons see Chi chi l ni sky ( 1993) .

We speci f y f i r st one economy : t he Sout h . I t pr oduces goods A and B usi ng

t wo i nput s : E and K. We consi der a f i xed pr opor t i ons t echnol ogy i n each sect or ,

al t hough t her e i s subst i t ut i on of f act or s at t he aggr egat e l evel , as i s shown

bel ow, because endowment s ar e var i abl e, see Fi gur e 7 . Ef f i ci ent pr oduct i on

pl ans sat i sf y B1 = EB l ar = KB l cr , and As = EA / a2 = KA / c2, wher e t he

super scr i pt s denot es suppl y . Recal l t hat EA + EB = E3 var i es wi t h pr i ces and

so does KA + KB = Ks .

We assume t hat B i s mor e r esour ce i nt ensi ve t han A so t hat D = ( ar c2 -

a2cr ) > 0 . The f ol l owi ng equat i ons def i ne an equi l i br i um. Compet i t i ve behavi or

on t he par t of t he f i r ms assur es zer o pr of i t s :

PA = al pE + cr r

	

( Al )

PB = a2PE + c2r

	

( A2)

wher e PA and PB ar e t he pr i ces of A and B r espect i vel y, PE i s t he pr i ce of t he

r esour ce . anui r i s t he r ent al on capi t al . As shown i n Sect i on 4, t he envi r onment al
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Fi g . 7 .

	

As PB changes, so do f act or pr i ces r and PE ( A1 and A2) and t her ef or e

f act or endowment s K' and E$ var y . For each set of f act or endowment s we

have a di f f er ent pr oduct i on possi bi l i t y set . As pB var i es, t her ef or e, we obt ai n

t he over al l pr oduct i on possi bi l i t y set shaded above . Thi s exhi bi t s subst i t ut i on

i n t he use of t he t wo f act or s : capi t al K and envi r onment al r esour ces, E. The

subst i t ut i on occur s t hr ough changes i n t he out put mi x .

r esour ce Esuppl i ed i n equi l i br i um E' i s an i ncr easi ng f unct i on of PE - f or any

gi ven q. To si mpl i f y t he comput at i on of sol ut i ons we assume her e a si mpl e f or m

of t hi s r el at i on :

E' = aPEI PB + E°

	

( M)

wher e a > 0 depends on t he pr oper t y r i ght s r egi mes f or E as est abl i shed i n

Sect i on 4, Lemma l : a l ar ge a r epr esent s i l l - def i ned pr oper t y r i ght s, such as

t he case of common pr oper t y r esour ces, and a smal l a r epr esent s bet t er def i ned

pr oper t y r i ght s f or t he r esour ce E, such as pr i vat e pr oper t y . The par amet er a

can var y as a cont i nuum, i ndi cat i ng , a var i et y of " shades" of pr oper t y r i ght s

bet ween t he t wo ext r eme cases . Because of Lemma 1 we knowt hat t he l ess ar e

t he ext er nal i t i es whi ch one har vest er pr oduces t o ot her s i nt er nal i zed, t he l ar ger

wi l l be t he sl ope of E' , a. Si mi l ar l y

K' = Qr - +- K

	

( A4)
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wher e Q > 0; ever yt hi ng t hat f ol l ows appl i es f or Q = 0 as wel l , i . e . when Ks i s

a const ant . For a gi ven pr oper t y r i ght s r egi me, f act or suppl i es var y wi t h f act or

pr i ces, so t hat t he over al l pr oduct i on possi bi l i t y f r ont i er exhi bi t s subst i t ut i on i n

t he t ot al use of capi t al and envi r onment al r esour ces, see Fi gur e 7 . I n equi l i br i um

al l mar ket s cl ear :

Es = Ed

	

( AS)

Ks = Kd

	

( A6)

Ed = E
A + EB = Bs al + A

2
a2

	

( A7)

Kd = KB + KA = B
s

cl + A' C2

	

( A8)

Bs = Bd + XB

	

A9

As = Ad + XA

	

( A10)

wher e XB and XAd denot e expor t s ?, ,. i d i mpor t s of A r espect i vel y, and

PBXB = PAXA

	

( Al l )

i . e . t he val ue of expor t s equal s t he val ue of i mpor t s . The Nor t h i s speci f i ed by a

set of equat i ons si mi l ar t o ( A1) t o ( A11) wi t h t he same t echnol ogy par amet er s

and t he same capi t al suppl y f unct i ons, but wi t h di f f er ent suppl y f unct i ons ( A3)

f or envi r onment al r esour ces, as expl ai ned i n Sect i on 4, denot ed E' ( N) . I n a

wor l d equi l i br i um, t he pr i ces of t he t r ade goods ( A and B) ar e equal and expor t s

mat ch i mpor t s :

wher e ( S) and ( N) denot e t he Nor t h and Sout h r espect i vel y . Si nce t he economi es

ar e i dent i cal except f or pr oper t y f i ght s, i n t he t wo r egi ons t her e ar e ni ne exoge-

nous par amet er s : a l , a2, Ch c2, O, K, E° , and a( N) and a( S) . We add a pr i ce

nor mal i zat i on condi t i on

PA = 1

	

( A16)

and obt ai n a t ot al of t went y si x i ndependent equat i ons, ( Al ) t o ( Al l ) f or t he

Nor t h and f or t he Sout h, pl us ( A12) t o ( A16) . Ther e ar e i n t ot al t went y ei ght

endogenous var i abl es, f our t een f or each r egi on : PA, PB, PE, r , Es, Ed, Ks , Kd,

PA( N) = PA( S) ( A12)

PB( N) = PB( S) ( A13)

XA( N)
= XA( S) ( A14)

Xg( S) = XB( N) ( A15)
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Fi g . 8. The ut i l i t y f unct i on U( A, B) has i ndi f f er ence cur ves as i ndi cat ed above .

For a l ar ger pr i ce r ange, t he demand f or A i s Ad .
.

A' , Ad, B' , Bd , X. , , X, d, so t he syst em i s under det er mi ned so f ar up t o t wo

var i abl es, whi ch r ef l ect s t he f act t hat demand has not been speci f i ed yet . We

consi der a demand speci f i cat i on whi ch al l ows us t o obt ai n si mpl e anal yt i cs ;

mor e gener al ut i l i t y f unct i ons such as Cobb- Dougl as can be consi der ed at t he

cost of mor e comput at i on wi t hout af f ect i ng t he r esul t s . Consi der t he ut i l i t y

f unct i on

U( A, B) =B+ki f A> Ad* , k>0, and

U( A, B) = B + - yA ot her wi se , - y = +k/ Ad* > 0

Then as shown i n Fi gur e 8, f or PB > - y, agent s demand Ad* so by choosi ng k

and - y i n Uappr opr i at el y, we may assume :

Ad( N) = Ad
.
( N) ( A17)

and

Ad( S) = Ad
.

( S) ( A18)
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We have t hus a syst em of t went y ei ght equat i ons on t went y ei ght var i abl es,

dependi ng on ni ne exogenous par amet er s . The economi es of t he t wo r egi ons

ar e i dent i cal except f or t he par amet er s a( N) and a( S) whi ch depend on t he

pr oper t y r i ght s f or t he common pr oper t y r esour ce i n each r egi on . We shal l say

t hat pr oper t y f i ght s ar e bet t er def i ned i n t he Nor t h when a( N) > a( S) ; bot h

count r i es have t he same pr oper t y r i ght s when a( N) = a( S) .

By i nver t i ng equat i ons ( A7) and ( A8) we obt ai n

and

wher e D=ai c2 - a2ci >0 .

B. PROOFOF UNI QUENESS OF ANEQUI LI BRI UM

The Nor t h- Sout h model wi t h pr oper t y r i ght s has at most one compet i t i ve equi l i b-

r i umf or any gi ven set of par amet er s a( S) and a( N) r epr esent i ng t he st r uct ur e

of pr oper t y r i ght s i n t he t wo r egi ons.

Pr oof .

	

Fr om ( A15) ( A17) and ( A18) we have

I nver t i ng ( A1) and ( A2) we obt ai n

A
d.

( S) - As ( S) = As ( N) - A
d.

( N)

	

( A19)

PE = ( PBc2 - ci ) / D and r = ( al - PBa2) / D

wher e D = ai c2 - cl a2 > O.

	

( A20)

We may now r ewr i t e ( A19) as a f unct i on of one var i abl e onl y, pB . Subst i t ut i ng

equat i ons ( A3) , ( A4) , ( A20) , ( A21) , and ( A16) i nt o ( A19) we obt ai n :

P2B[ , ' ( S) +' I ' ( N) ] +PB[ Ad* ( S) +Ad* ( N) +r ( S) +r ( N) ] - [ P( S) +P( N) ] = 0

( A21)

wher e q' = 0al a2/ D

	

P = ac2l / D2 and r = ( 1/ D) [ cl E° - al K+( 1/ D) ( aci c2-

pal a2) ] . Thi s i s a quadr at i c equat i on i n PB whi ch has at most one posi t i ve r oot

because t he const ant t er ns i s negat i ve . Ther ef or e t her e i s at most one equi l i br i um

pr i ce pH. Fr om. T) * -. ) we can obt ai n i n each count r y t he equi l i br i um l evel s of al l

B3 = ( c2E - a2K) / D ( A7/ )

A' = ( al K - cI E) / D ( A8/ )



ot her var i abl es : PE and r ' f r om ( Al ) and ( A2) , E' ' and K' ' f r om ( A3) and

( A4) , B' * and A' ' f r om ( A7~ and ( A8' ) , Xdd ' f r om A' ' , Ad.
, and Xg f r om

( A11) , so t he ( uni que) f ul l equi l i br i umof t he model i s comput ed .

At a wor l d equi l i br i umf act or pr i ces ar e t he same i n bot h r egi ons : t hi s obt ai ns

f r om equat i on ( A20) not i ng t hat by ( A12) and ( A13) Pa ( 1V) = Pe ( S) -

Not e t hat i n or der t o si mpl i f y comput at i ons, we have t aken ut i l i t y f unct i ons

whi ch ef f ect i vel y make t he demand f or A i n each r egi on an exogenousl y chosen

par amet er at an equi l i br i um. Thi s f ol l ows Chi chi l ni sky ( 1981, 1986) , wher e i t

i s al so shown t hat t he r esul t s gener al i ze t o mor e gener al ut i l i t i es and demand

f unct i ons .
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1 . Hospi t al i t y and f i nanci al suppor t f r om t he St anf or d I nst i t ut e f or Theor et i cal Eco-

nomi cs and Mont e dei Paschi at t he Uni ver si t yA di Si ena i s gr at ef ul l y acknowl edged .

Resear ch suppor t was pr ovi ded by NSF Gr ant No. 92- 16028 and t he I nst i t ut e f or

I nt er nat i onal St udi es at St anf or d Uni ver si t y .

2 . Such as e. g . pr obl ems r el at ed t o aci d r ai n, gl obal war mi ng and t he pr eser vat i on of

r ai nf or est s . One hundr ed nat i ons agr eed t o consi der a t r eat y t o r educe t he t hr eat of

gl obal war mi ng at Ri o de Janei r o, Br azi l , June 1992 . I n Vancouver , Febr uar y 1991

a pact was adopt ed t hat est abl i shes a f r amewor k f or a t r eat y l i nki ng envi r onment al

pol i cy t o economi c i ssues of i nt er est t o i ndust r i al and devel opi ng count r i es, such
as t he r emi ssi on of i nt er nat i onal sover ei gn debt and t r ansf er of t echnol ogy .

3 . W. Baumol and W. Oat es ( 1975) , I . Wal t er ( 1975) , W. Oat es ( 1991) J . A. Tobey

( 1990) and ot her s have st udi ed t he ef f ect s t hat envi r onment al cont r ol measur es

coul d have on pat t er ns of i nt er nat i onal t r ade. Some of t hese st udi es have f ound

measur abl e ef f ect s . Al l t hese st udi es f ocus on t he pol i cy aspect s of measur es t o con-

t r ol pol l ut i on r at her t han on our i ssue: howdi f f er ences i n pr oper t y r i ght s r egi mes

can expl ai n t r ade bet ween count r i es i n f r ee mar ket s, and t he pat t er ns of envi r on-

ment al use. The gener al concer n t hat devel opi ng count r i es devel op an advant age

i n pol l ut i on- i nt ensi ve i ndust r i es, known as t he " pol l ut i on heaven hypot hesi s" has

been st udi ed by I . Wal t er and J . Ugel ow ( 1979) and I . Wai t er ( 1982) . The pot ent i al

i mpl i cat i on of pol i cy measur es t o pr ot ect t he envi r onment on i nt er nat i onal t r ade

was al so st udi ed by Kr ut i l l a ( 1976) , Mai er ( 1976, 1990x) , Chi chi l ni sky ( 1982,

1985, 1988b) . On t he ot her hand, Dasgupt a ( 1990) poi nt s out t hat t he l i t er at ur e on

devel opment economi cs and t he envi r onment i s l ar gel y undevel oped. The i nt er -

nat i onal t r ade l i t er at ur e has not t aken up t he i ssue of pr oper t y r i ght s di f f er ent i al s

af f ect i ng t he pat t er n of t r ade, nor consi der ed t r ade pat t er ns i n a gener al equi l i b-

r i um model wi t h common pr oper t y i nput s . To t he ext end t hat ext er nal i t i es have

been st udi ed i n i nt er nat i onal t r ade, t hey r ef er t o pr oduct i on ext er nal i zes i n a par t i al



50

	

GRACI ELA CHI CHI LNI SKY

equi l i br i umf r amewor k, see e. g . Di xi t and Nor man ( 1980) . I nst ead, we st udy a gen-

er al equi l i br i um model wi t h var i abl e endowment s of a common pr oper t y r esour ce

whi ch i s an i nput t o pr oduct i on, havi ng suppl i es whi ch depend on pr oper t y r i ght s .

4 . Recent st udi es show t hat 90%of ai l t r opi cal def or est at i on i s f or t he agr i cul t ur al use

of f or est s, par t i cul ar l y f or t he i nt er nat i onal mar ket ( Amel ung, 1991 ; Bar bi er et al . ,

1991, 1992 ; Bi nkl ey and Vi ncent , 1990 ; Hyde and Newman, 1991) .

5 . Tr adi t i onal soci et i es managed common pr oper t y r esour ces of t en succesf ul l y, usi ng

cul t ur al cust om enf or ced by puni shment , i n what can be descr i bed as r epeat ed

games st r at egi es, see Chi chi l ni sky, G. ( 1994) ; i n t he t r ansi t i on t o i ndust r i al i zat i on

t r adi t i onal pr act i ces cease t o wor k succesf ul l y because popul at i ons ar e l ar ger and

mor e t r ansi ent , and mor e f or mal , i ndi vi dual i st i c, pr oper t y r i ght s ar e of t en needed

i nst ead.

6 . The t er m " compar at i ve advant age" encompasses t wo di f f er ent def i ni t i ons : one

or i gi nat es i n t he cl assi cal wor k of Ri car do ( 1817) wi t h one i nput of pr oduct i on

( l abor ) ; t he ot her i n t he t wo count r y, t wo f act or , t wo good Heckscher - Ohl i n model

( Ohl i n, 1933 ; Jones, 1956, 1965) . I n t he f or mer , l abor pr oduces goods A and B.

Labor r equi r ement s per uni t of A at Home i s aLA and f or B i s aLB and t he same

number s f or t he f or ei gn count r y ar e aL A and aL B r espect i vel y . Then Home has

a compar at i ve advant age i n A i f t he r at i o of t he uni t r equi r ement i n A t o t hat

of B i s l ower at Home t han i n t he f or ei gn count r y, i . e . aLA/ aLB < a! Al aLB*
I n ot her wor ds, i f Home' s r el at i ve pr oduct i vi t y i n A i s hi gher t han i t i s i n B,

Home has a compar at i ve advant age i n t he pr oduct i on of A. I n t he t wo i nput t wo

good Heckscher - Ohl i n model t he r el at i ve advant age i s measur ed i nst ead not by t he

r el at i ve pr oduct i vi t y of l abor i n t he t wo sect or s of t he count r y ( si nce t echnol ogi es

ar e t ypi cal l y t he same i n t he t wo count r i es) but r at her by t he r el at i ve abundance

of t he t wo f act or s whi ch ent er as i nput s i n t he pr oduct i on of t he t wo goods A and

B. Her e A and R ar e pr oduced usi ng capi t al K and l abor L . The t ot al suppl y

of L and K ar e f i xed i n each count r y, e. g . at home L = Lo and K = KO;

i n For ei gn, L = Lo and K = Ko . Let . 9 be mor e l abor i nt ensi ve t han B i n

bot h count r i es . Then Home has a compar at i ve advant age i n t he pr oduct i on of A

i f t he r at i o LO/ KO >_ Lo / Ko . I n t hi s case Home wi l l expor t A and For ei gn B.

Gai ns f r om t r ade ar e measur ed by consi der i ng wel f ar e bef or e i nt er nat i onal t r ade

( i n aut ar ky) and af t er t r ade ( i n a wor l d mar ket equi l i br i um) . Typi cal l y gai ns f r om

t r ade emer ge f r om an expanded choi ce set , si nce i n aut ar ky t he count r i es consume

what t hey pr oduce, whi l e when t r ade t akes pl ace t hey consume what t hey can

af f or d i n t he budget set whi ch i s det er mi ned by i nt er nat i onal pr i ces and what t hey

pr oduce. The l at t er set i s t ypi cal l y l ar ger t han t he f or mer , because t he f or mer i s t he

pr oduct i on possi bi l i t y set of t he count r y, whi l e t he l at t er i s a hal f space cont ai ni ng

t he pr oduct i on possi bi l i t y set .

7 .

	

The suppl y of t he r esour ce E depends al so on t he oppor t uni t y cost of t he i nput

used t o har vest i t , q as shown i n Lemma 1 bel ow. The Nor t h- Sout h model of

Chi chi l ni sky ( 1981) has i n gener al di f f er ent wel f ar e pr oper t i es f r om t hose of t he

Ar r ow- Debr eu model , f or exampl e, t he compet i t i ve equi l i br i a need not be Par et o

ef f i ci ent , see e. g . Chi chi l ni sky ( 1990) .
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8 . Thi s has t he advant age of avoi di ng pr obl ems of aggr egat i on . Chi chi l ni sky and Heal

( 1983) est abl i shed necessar y and suf f i ci ent condi t i ons on i ndi vi dual pr ef er ences

f or t he exi st ence of a wel l - def i ned communi t y pr ef er ence .

9 . I n an equi l i br i um t he pr i ces of t he i nput s, PE and r , ar e r el at ed t o t hose of t he

out put s, PB .

10 . Thi s gi ves t he quant i t i es of goods A and B pr oduced by pr of i t maxi mi zi ng pr o-

ducer s, when bot h f act or mar ket s cl ear . Not e t hat as i s st andar d i n const ant r et ur ns

economi es t her e may be no wel l - def i ned par t i al equi l i br i um suppl y f unct i on f or

each pr oducer wi t hout t he addi t i onal assumpt i on of f ul l empl oyment of f act or s .

11 . Because Wal r as Law i s sat i sf i ed, i t suf f i ces t hat al l but one mar ket s cl ear ; wi t h

non- zer o pr i ces, t he l ast mar ket wi l l cl ear aut omat i cal l y .

12 . Ef f ect i vel y t he f act or mar ket s i n each count r y ar e di f f er ent mar ket s under t hi s

assumpt i on, and achi eve di f f er ent pr i ces i n an equi l i br i um. Thi s i s a st andar d

speci f i cat i on . Under cer t ai n condi t i ons, di scussed i n t he Appendi x, f act or pr i ces

wi l l equal i ze acr oss t he t wo r egi ons at an equi l i br i um even t hough t he f act or s, K

and E, ar e not t r aded .

13 . Thi s assumpt i on i s made t o emphasi ze t he pat t er ns of t r ade whi ch ar e due t o

di f f er ences i n pr oper t y r i ght s bet ween t he t wo r egi ons . Thi s assumpt i on can be

r el axed or weakened t o consi der di f f er ent t echnol ogi es and pr ef er ences acr oss t he

r egi ons, see Chi chi l ni sky ( 1986) .

14 .

	

E( PE) i s t he i nver se f unct i on of PE( E) ; i t i s assumed t o exi st and t o be cont i nuous .

15 . Condi t i ons t o i nsur e t he exi st ence and uni queness of an equi l i br i umi n t hi s model ar e

gi ven i n Chi chi l ni sky ( 1986) ; t he Appendi x t o t hi s paper est abl i shes t he uni queness

of t he equi l i br i um.

16 .

	

Namel y pB, r N , r s , PE, i f e . g . PA = 1 .

17 . Thi s anal ysi s di f f er s f r om ot her appr oaches t o t he st udy of t he cost s or t he val ue of

common r esour ces, f or exampl e t hat of HJ . Rui t enbeck ( 1990) who i s concer ned

wi t h t he val ue of a r ai nf or est f r om t he poi nt of vi ew of est abl i shi ng t he cor r ect

amount of a t r ansf er t o an LDCf r om t he r est of t he wor l d, t o pr event def or est at i on

i n t he LDC. Hi s def i ni t i on i s cl oser t o a " shadow" pr i ce ; we seek i nst ead t hose

gener al equi l i br i um pr i ces act ual l y pr evai l i ng i n t he mar ket , i n connect i on wi t h

di f f er ent pr oper t y r i ght s r egi mes .

18 . The economi c char act er i st i cs of t he owner s mat t er . For exampl e, ( see Chi chi l ni sky,

1991) t he pr oper t i es of t he suppl y cur ve of t he r esour ce depend on t he endow-

ment s and t he ut i l i t i es of t he har vest er s . Her e we have assumed t hat a har vest er '

endowment i s onl y l abor . The oppor t uni t y cost of l abor i s q .

19 .

	

The exi st ence of such a f unct i on wi t hi n t hi s Nor t h- Sout h model i t i s est abl i shed

i n Chi chi l ni sky ( 1981, 1986) f or t he case wher e t he t wo r egi ons have t he same

const ant r et ur ns t o scal e pr oduct i on f unct i ons wi t hout subst i t ut i on, and i t i s al so

t r ue f or f unct i ons wi t h subst i t ut i on such as Cobb- Dougl as wi t h const ant r et ur ns t o

scal e .

20 . When r esour ce suppl i es i n bot h r egi ons ar e gi ven by t he soci al suppl y cur ves,

i . e . when bot h count r i es have wel l def i ned pr oper t y r i ght s, t he count r i es do no

t r ade l a Nui l i br i um, because t hey ar e i dent i cal i n ever y way . Thi s i s an ext r eme
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speci f i cat i on whi ch i s easi l y r el axed . I n gener al , when bot h count r i es oper at e at

t hei r soci al suppl y cur ves f or E, t r ade wi l l t ake pl ace when ei t her t he t echnol ogi es

or t he demand ar e di f f er ent acr oss t he t wo r egi ons .

21 . See f or exampl e t he r epor t i n Sci ence Ti mes, sci ence suppl ement t o t he New Yor k

Ti mes, Januar y 28, 1992, page C1 .

22 .

	

I ndi an gr oups wi l l gai n t i t l e t o l and i n Past aza Pr ovi nce, a t r adi t i onal homel ands

ar ea cover i ng 4, 305 squar e mi l es i n east er n Ecuador . Ecuador ' s move i s par t of

a wi der t r end i n t he Amazon basi n . Achuar , Shi wi ar and Quechua I ndi ans wi l l

soon admi ni st er an ar ea wher e popul at i on densi t y aver ages f i ve peopl e per squar e

mi l e . I n t he l ast t hr ee year s, t he Gover nment s of Ecuador , Col umbi a and Venezuel a

have r est r i ct ed most of t hei r Amazon ar eas as nat i onal par ks of I ndi an r eser ves,

as have Br azi l and Bol i vi a, and Fr ance has made pl ans t o pr ot ect a t hi r d of t he

Fr ench Guyana. Last year , a coal i t i on of Amazon I ndi ans and f or ei gn and l ocal

envi r onment al i st s hel ped f or ce oi l compani es t o abandon pl ans f or pr oduci ng

oi l i n Ecuador ' s Amazon . Today anot her coal i t i on i s wagi ng a si mi l ar campai gn

agai nst anot her oi l pr oj ect . Ecuador , one of Sout h Amer i ca' s poor est count r i es,

dr aws cur r ent l y about 50%of i t s t ax r evenues f r om oi l expor t s . I n t he hi ghl ands

of Ecuador . I ndi an gr oups have expr essed si mi l ar r esi st ance t o expor t or i ent ed

f ar mi ng . Jose Maf i a Cabascango, a l eader of I ndi genous Nat i onal i t i es of Ecuador

whi ch i s sai d t o r epr esent t he nat i on' s est i mat ed t wo mi l l i on I ndi ans, st at es : " We

shoul d onl y pr oduce f ood f or our own consumpt i on" ' The Amazon r egi on has

a ver y f r agment ed ecol ogy and t o cont i nue col oni zat i on woul d dest r oy i t " . See

e . g . James Br ooke, New Yor k Ti mes, Sunday Sept ember 6, 1992, p . 10- L . Si mi l ar

concer ns wer e expr essed by Ant oni o Macedo, Coor di nat or of t he Nat i onal Counci l

of Rubber - Tapper s of t he Amazon, of Cr uzei r o do Sul , Acr e, Br azi l , i n a r ecent

i nt er vi ew at Col umbi a Uni ver si t y, New Yor k, December 7, 1992 .
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