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Nor t h- Sout h Tr ade, Pr oper t y Ri ght s, and t he

Dynami cs of t he Envi r onment

Gr aci el a Chi chi l ni sky

1 . ENVI RONMENTAL RESOURCESAS A NORTH- SOUTHI SSUE

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 o a cer t ai n ext ent , a Nor t h- Sout h i ssue . )

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 r esour ces such as

pet r ol eum and coal 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 om Lat 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 a l ar ge maj or i t y of CO, emi ssi ons . The U. S . al one consumes 25- 30%of

t he wor l d' s oi l pr oduct i on year l y . Because r esour ces ar e t r aded i nt ensi vel y bet ween

t he Nor t h and t he Sout h, 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 . 2

Wi de debat e f ocuses on 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 .

ZW. Baumol and W. Oat es ( 1975) , I . Wal t er ( 1975) . W. Oat es ( 1991) 1 . 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 ( d' Ar ge and Kneese ( 1971) ) . Al l t hese st udi es f ocus

on t he pol i cy aspect s of measur es t o cont r ol pol l ut i on r at her t han on our i ssue : how di 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 onment 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 1 . Wal t er and 1 . Ugel ow ( 1979) . 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) , Mal er ( 1976, 1990a) , 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 br 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 t i es i n a par t i al equi l i br i um f r amewor k, see, f or exampl e, Di xi t and Nor man ( 1980)

wi t hi n Hechscker - Ohl i n model s wher e endowment s ar e f i xed . I nst ead, we st udy a gener 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 .

The Envi r onment af t er Ri o : I nt er nat i onal I - am, and Economi cs ( L . Campi gho, et al . , eds . : I - 85333- 949- 0 :

( D Gr aham &Tr ot man : pub. Gr aham & Tr ot man, 1994 ; pr i nt ed i n Gr eat Br i t ai n) , pp . 205- 233 .

i ns
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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 onment al l y i nt ensi ve goods may

be acompani 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 sadvant 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 U. S . 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 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 anmi t t ed and enl ar ged by t he i nt er -

nat i onal mar ket and becomes a pr obl em f or t he wor l d economy . Under t hese con-

di 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 a poor choi ce f or t hei r expor t s . Such pr oduct s coul d be

expor t ed i nst ead bv 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 mor e ef f i ci ent use of t he wor l d' s 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 o-

duct 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 abour i nt ensi ve pr oduct s, such as consumer el ect r oni cs or t el ecommuni cat i ons and

ot her manuf act ur ed pr oduct s, 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) , based on t he Nor t h- Sout h model i nt r oduced i n Chi chi l ni sky

( 198 I . 1986) . The model and t he r esul t s i n t hi s paper di f f er however f r om t he pr e-

vi 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 gu-
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ment s, whi l e al l t he ot her pi eces consi der i nst ead st at i c economi es . The 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 chapt er i s or gani zed as f ol l ows . Lemma 1 st udi es t he connect i on bet ween

pr oper t y r i ght s r egi mes and t he l ong r un st ock of t he r enewabl e r esour ce as a f unc-

t i on of pr i ces . On t he basi s of t hi s r esul t , Theor em I est abl 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 endow-

ment s) . Cor ol l ar y 1 expl or es t he wel f ar e i mpl i cat i on of changes i n pr oper t y r i ght s .

Lemma 1, Theor em I and Cor ol l ar y I appl y t o unr egul at ed and compet i r 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 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 . 4 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 econ-

omi 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 connect ed wi t h ext er nal i t i es i n pr oduct i on and

consumpt i on . Ext er nal i t i es have many f or t s . 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 1 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 on-

ment 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 our 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 howpr 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 onment 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 . Many of t hese ar e r enew-

abl 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 oduct 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

' Cohen and Wei t zman ( 1975) anal yze a one- i nput model of an economy i n whi ch changes i n pr oper t y

r i ght s af f ect t he gener al equi l i br i um, vi a changes i n t he suppl y condi t i ons of a common pr oper l y

r esour ce, l and .
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A, i s t he numer ai r e, i . e . PA = 1 . 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 gener al equi l i br i um model have been pr ovi ded .

Demand i s f or mal i zed as usual . For each vect or of pr i ces 9 p

	

=

	

( PE,

	

r ,

	

p B )

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 consump-

t 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 commod

i 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 :

( 1) ( 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 p E = p E( E ) and r = r ( K ) .

We shal l assume t hat E i s pr oduced i n t he Sout h f r om an i nput x whi ch r epr esent s

f or exampl e l abour 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 Aand B pr oduced, ' 0 denot ed ( S A,

	

S B )

	

=

	

S ( p E ,

	

r ,

	

p B) .

The excess demand f unct i on of t he economy i s t her ef or e ( D ( p B ,

	

r ,

	

p E)

	

_

D( p B ,

	

r ,

	

p E )

	

-

	

S ( p B ,

	

r ,

	

p E ) .

	

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 :

( 2)

	

( DA - f ( K, E) ) + PB( DB - g( K, E) ) + r . ( DK - K( r ) ) + PE. ( DE - E( PE) ) = 0

A one 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)

1
i . e . p * = q) - ' ( 0 ) ( o r p * TE ( ( D - ' ( 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 um model 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 i mmobi l e, i . 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 may i n pr i nci pl e be di f f er ent i n t he t wo

count r i es .
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 echnol 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

') 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 .
1aThi 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 oducer 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 .

' ' 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_

1 ' 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 l ast sect i on, f act or pr i ces wi l l equal i ze acr oss t he t wo r egi ons even t hough t he f act or s,
K i nd F ar e not t r - i er i
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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 onment al common pr oper t y
r esour ce E, t o whi ch we now t ur n .

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 one 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
E ' t ( p E) pr ovi des mor e E t han t he soci al suppl y cur ve E 6

( p E) . 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,
we shal l ar gue t hat 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 der i ves f r om t he l ack of pr oper t y
r i ght s i n t he Sout h, and 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 om t 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 con-
cept of compar at i ve advant age i s not wel l def i ned her e . 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 Esuppl i ed accor di ng t o t he pr i vat e
suppl y cur ve E = E" ( PE) , 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 of out -
put s Aand 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 poss-
i bi l i t y set P P S n = up P P" ( 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 E = En ( PE) , yi el ds t he publ i c
pr oduct i on possi bi l i t y set P P S a = u p P P

6
( p ) , whi ch i s al so convex .

1 ' 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 ( 1988a) .
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and opt i mal behavi our under a pr i vat e pr oper t y r egi me i mpl i es t hat

( 9) F' = d/ dx( F) = q/ PE

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

( 10) F( z, x) =z a x b ,

	

0

	

<

	

a,

	

b

	

<

	

I ,

whi ch i mpl i es t hat

( 11) i t = H( z, ) - ( PEb/ q)
bi i i - " z, a/ ( I - b)

The l ong r un or st eady st at e sol ut i on t o t hi s pr obl em r 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

( 12) H( z, ) - ( PEb/ q) " - b) z, a/ ( I - b) = 0

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 t he

r esour ce i ncr eases wi t h pr of i t s as def i ned i n ( 8) ( see Dasgupt a and Heal ( 1979) ,

p . 122 . ) i . e .

( 13) z, = f i n, wher e p > 0 .

Fi gur e 15 . 2

Typi cal l y ( i . e . when a <I - 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 11( t ) , a quadr at i c equat i on, and E( z) = ( PE/ qb) M" - b' z, a/ (

The l ar ger st eady st at e ( denot ed z' i n Fi gur e 15 . 2) i s st abl e under ( 13) when t he
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sl ope of E( z) near s zer o, 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 15 . 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 z' as i l l ust r at ed i n Fi gur e 15 . 2, wher e z' i s a f unct i on

of PE and q, z' = z' ( p E / q ) . The cor r espondi ng har vest or ext r act i on i s

E S = E' ( PE/ q)

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

The sol ut i on z' ( p E / q )

	

descr i bes t he l ong r un behavi our 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

t hat E' = z' ( 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
PE

l eads t o an upwar ds ver t i cal

shi f t of t he cur ve E ( z)

	

=

	

( P E b / q ) ° " ' - b ,

	

z, a / ( I - b )

	

i n Fi gur e

	

15 . 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 z' . For each q, l et

( 14)
Es

= E' ( PE) ,

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

pr i ce p E .

	

E' ( p E )

	

i s an i ncr easi ng f unct i on PE as i l l ust r at ed i n Fi gur e 15 . 3 .

A PE

Fi gur e 15 . 3

E' ( PE)

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

Fi gur e 15 . 5
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PE

Fi gur e 15 . 6

PROPERTY RI GHTS ANDNORTH- SOUTHTRADEzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

" E

Fi gur e 15 . 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 onment al

r esour ce E. The soci al suppl y cur ve was obt ai ned by equal i zi ng t he oppor t uni t y cost

q wi t h t he val ue of S mp i , q = p ES mP i . I nst ead, t he pr i vat e suppl y cur ve by

r epl aci ng ( 9) by

q

	

=

	

PmP i

	

p E . At each PE, mor e E i s suppl i ed under common pr oper t y r egi mes .

I shal l now use t he r esul t s of Sect i on 4 t o st udy t he behavi our 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 .

I t was al r eady obser ved t hat t he Sout h of t en speci al i zes i n t he expor t of envi r on-

ment 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 m oi 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 I

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

ext r act ed 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 ,

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

r esour ces .
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Theor em 1 . 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 het 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 ned pr op-

er r y r i ght s f or t he envi r onment al i nput , e . g . t he r esour ce i s common pr oper t y, t hen 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 on-

ment 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 E" ( p E ) whi l e t he Nor t h' s i s i t s

soci al suppl y E c ( p E) . 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 PB* t o equi l i br i um f act or pr i ces i n each r egi on r * and p E * 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 p * w, 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 * . However , si nce t he suppl y cur ve of envi r on-

ment al r esour ces i n t he Sout h, E " ( p E ) , was shown i n Lemma I t o be hi gher t han

t he suppl y cur ve E a ( p E* ) 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

p* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� � 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 15 . 1) .

I t f ol l ows t hat at p* w 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, 1988a) .

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 p* w 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 pw* 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 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. Acomput at i on of wor l d

equi l i br i um pr i ces i n t hi s model and a pr oof of t hei r 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

pw* * ) wher e t he Sout h' s suppl y of E i s gi ven by t he soci al suppl y f unct i on

E ° ( p E* ) . 2O 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 he-

or em, t he equi l i br i um al 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 E used 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 p* E, wi t h E *

	

=

	

E Q( p E* * ) .

Now as shown above, i n t he wor l d equi l i br i um ( pw* ) wher e t he Sout h oper at es on

i t s pr i vat e suppl y cur ve f or E , E " ( p E) , 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 " ( p E* * ) ) ,

exceeds t he . same quant i t y at t he equi l i br i um pw* * , whi ch i s E *

	

=

	

E O( p E * ) .

°The exi st ence of such a f unct i on i s wel l known ( St ol per and Samuel son ( 1941) ) ; 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 . 1988a) 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 .

z ' 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, t he count r i es do no
t r ade i n equi 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 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 .
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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 onmen-

t 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 I 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 i r e Sout h .

Cor ol l ar y 1 . I f expor t s of f i l e envi r onment al l y i nt ensi ve good B by t he Sout h l ead

t o t he equal i zat i on of t he pr i ce of envi r onment al r esour ces used as i nput s i n t he t wo

r egi ons, t he Sout h wi l l st i l l use mor e envi r onment al r esour ces t han t he Not - t i t ( and

mor e t han i s Par et o opt i mal ) unl ess pr oper t y r i ght s f or t he common pr oper t y

r esour ces ar e i mpr oved i n r i t e Sout h . I f pr oper r y r i ght s ar e not i mpr oved i n f i l e

Sout h . t hen t he expor t s of envi r onment al l y i nt ensi ve goods and t hei r domest i c pr o-

duct 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 r i l e Nor t h' s soci al opt i mum.

Thi s f ol l ows di r ect l y f r om Theor em I and Lemma I . 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 t 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 does not r esol ve

t he pr obl em of over use cf envi r onment al r esour ces .

6 .

	

PROPERTY RI GHTS POLI CI ES

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

ni an smal l f ar mer s such as r ubber - zapper s . They 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 . Thi s i n t ur n changes t he comput at i on of compar at i ve advant 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 Ama-

zon . 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 changed pr oper t y r i ght s i n t he expect at i on t hat t he changes wi l l pr o-

t ect t he r ai n f or est . An i nt er est i ng exampl e i s pr ovi ded by r ecent agr eement s

bet ween t he U. S . 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 Rock-

ef 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 C) i s pr ospect i ng f or pr om-

i 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 . The Cost a Ri can gover nment , whi ch has set asi de 25% 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 company, 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

' t 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 . 28 Januar y

1992, page CI .
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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.

8. APPENDI X

The Nor t h- Sout h Model and I t s Sol ut i 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 oper 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 Sec-

t i on 4) whi l e i n Chi chi l ni sky ( 1981, 1986) al l f act or s ar e, i nst ead . 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 her . A compar 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 o-

duct 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 endabl 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 ( 1986) .

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 15 . 7 . Ef f i ci ent pr oduct i on pl ans sat i sf y

B' = EB/ a 1 = KB/ c 1 . and As = EA/ a, = KA/ c, , wher e t he super scr i pt s denot es sup-

pl y. Recal l t hat EA + EB = E' var i es wi t h pr i ces and so does KA+ Kg= K' .

We assume t hat B i s mor e r esour ce i nt ensi ve t han Aso t hat D = ( ar c_) - a, _cl ) > 0.

Ti l e f ol l owi ng equat i ons def i ne an equi l i br i um. Compet i t i ve behavi our on t he par t

of t he f i r ms assur es zer o pr of i t s :

( AI ) PA = aI PE + cI r

( A2) P B = a, PE + c- ) r

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, and 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

r esour ce Esuppl i ed i n equi l i br i umE' 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 a-

t i on :

( A3) E' = a P E + E

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 l l Sect i on 4.
Ler nma I : A l ar ge par amet er a r epr esent s i l l - def i ned pr oper t y r i ght s, such as t he
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( A5) E S	 =

	

E d

( A6) K S = K d

As pe changes . so do f act or pr i ces r and PE ( A I 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 pa var i es, t her ef or e . we obt ai n t he over al l pr opuct 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 subsnut i on occur s t hr ough changes i n t he out put

mi x .

( A4) K' = o r +

	

K°

Fi gur e 15 . 7

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 I we know t hat t he sl ope of ES , a. i ncr eases wi t h

t he l ack of i nt er nal i zat i on of ext er nal i t i es t hat each har vest er pr oduces on t he ot her s .

wher e a ? 0; ever yt hi ng t hat f ol l ows appl i es f or p = 0 as wel l , i . e . when K' i s a con-

st 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 bdi r v f r ont i er e. r l t i 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 15 . 7 . I n equi l i br i um al l mar ket s

cl ear :



232

	

THE ENVI RONMENT AFTER RI O

	

-

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 m 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 p B* .

Fr om PB* 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 ot her var i abl es :

PE* and r * f r om ( A 1) and ( A2) .
Es .

and
Ks .

f r om ( A3~ and ( A4) ,
Bs+

and
As*

f r om

t he pr oduct i on f unct i ons, Xdd f r om As . ,
Ad .

and XB f r om ( A11) , so t he ( uni que)

f ul l equi l i br i um of t he model i s comput ed .

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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