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GRACI ELA CHI CHI LNI SKYANDMASSI MODI MATTEO

2 . 3 . Tr ade, Mi gr at i on, and Envi r onment : A Gener al

Equi l i br i umAnal ysi s

1 . I nt r oduct i on

Z
Two maj or t r ends i n t he wor l d economy ar e i nt er nat i onal mi gr at i on and envi -

	 l degr adat i on. The obj ect of t he paper i s t o anal yze t he connect i on
" een t hese t wo t r ends, whi ch have gener al l y been anal yzed i n i sol at i on .

Her e we r epr esent a wor l d economy i n whi ch t he expl oi t at i on of nat ur al

r esour ces as wel l as t he mi gr at i on of l abor have a gl obal char act er . We di s-

cuss t he wel f ar e i mpact of mi gr at i on and expl oi t at i on of nat ur al r esour ces

and pol i ci es t o addr ess t hese i ssues .

I ndust r i al devel opment has r eached a poi nt wher e i t adver sel y af f ect s t he
nat ur al envi r onment . A l ar ge shar e of t he wor l d popul at i on coul d be har med
by t he i nst abi l i t y of t he gl obal cl i mat e caused by i ncr eased concent r at i on
of C02 i n t he at mospher e . The dest r uct i on of bi odi ver si t y on t he pl anet has
r eached unpr ecedent ed pr opor t i ons . Al t hough t hese ar e wor l d phenomena,
Chi chi l ni sky ( 1994) showed t hat envi r onment al degr adat i on can al so be con-
si der ed as a Nor t h- Sout h i ssue . The i nt er nat i onal mar ket i s t he vehi cl e t hr ough
whi ch t he over pr oduct i on of nat ur al r esour ces by t he Sout h i s r econci l ed wi t h
t he over consumpt i on by t he Nor t h . At t he hear t of t hi s expl anat i on t her e i s
t he cr uci al r ol e pl ayed by t he di f f er ent r egi mes of pr oper t y r i ght s pr evai l i ng
i n t he r esour ce ext r act i on of t he t wo r egi ons .

Anot her wor l d- wi de phenomenon, t he mi gr at i on of l abor , has r ecent l y
i nt ensi f i ed . Lar ge mi gr ant f l ows f r omLat i n Amer i ca t o t he USA and f r om
Nor t h Af r i ca and Mi ddl e East t o Eur ope t ake pl ace t oday. The col l apse of t he
soci al i st economi es i n East er n Eur ope has l ed t o massi ve mi gr at i on i nt o t he
i ndust r i al i zed par t of Eur ope.

Not sur pr i si ngl y, gover nment s and i nt er nat i onal or gani zat i ons ar e con-
cer ned wi t h t hese devel opment s . Mi gr ant l abor has pr of ound consequences

We ar e i ndebt ed t o t he Fondazi one Mat t ei f or f i nanci al suppor t and t o R. Fai ni , G. Heal , M.
Kur z, and A. Mont esano f or comment s and suggest i ons.
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not onl y on t he host count r i es but al so on t he count r i es of or i gi n . Besi des

soci al and pol i t i cal ef f ect s, t he change i n t he avai l abi l i t y of l abor af f ect s t he

empl oyment st r uct ur e and t he di st r i but i on of i ncome of t he count r i es i nvol ved .

Envi r onment al damage can l ead t o di sr upt i ons of ent i r e popul at i ons such as

t hose caused by scar ci t y of wat er .

Mi gr at i on i s t ypi cal l y l i nked t o wage and i ncome di f f er ent i al s . Mor eover ,

t her e i s nowevi dence ( e . g . Myer s, 1993) t hat mi gr at i on i s par t i cul ar l y sensi -

t i ve t o t he degr adat i on of t he envi r onment and t o t he ef f ect s of cl i mat e change .

Mi gr ant f l ows ar e t ypi cal l y f r omt he Sout h t o t he Nor t h, si nce cl i mat e changes

af f ect mor e t he pr i mar y sect or of t he economy whi ch i s t he basi s of Sout her n

economy. I n addi t i on devel opi ng count r i es have f ewest ( t echni cal as wel l as

economi c) r esour ces t o conf r ont t he pr obl em. I t i s al so bel i eved t hat envi r on-

ment al r ef ugees, as t hey coul d apt l y be cal l ed ( Myer s, 1993) , ar e t he r esul t

of t r opi cal def or est at i on, soi l er osi on and deser t i f i cat i on t hat occur i n many

ar eas of t he Sout h. Chi chi l ni sky ( 1994) showed howal l t hese phenomena ar e

di r ect l y connect ed t o t r ade and t o t he poor def i ni t i on of pr oper t y r i ght s i n t he

Sout h.

Mi gr at i on pat t er ns r eal l ocat e pr oduct i on i n t heNor t h and Sout h economi es,

i nduce a change i n t r ade pat t er ns, and a modi f i cat i on of r el at i ve pr i ces .

We devel op a f r amewor k whi ch f ol l ows Chi chi l ni sky ( 1981, 1994) , pos-

sessi ng t he same l ogi cal st r uct ur e as t he Heckscher - 0hl i n model t hat hi gh-

l i ght s t he connect i on bet ween l abor mi gr at i on and expl oi t at i on of nat ur al

r esour ces . Fr omour anal ysi s we obt ai n answer s t o t he f ol l owi ng quest i ons :

1 . howdoes mi gr at i on af f ect t he expl oi t at i on of nat ur al r esour ces?

2. howdo pol i ci es t o check envi r onment al degr adat i on i nt er act wi t h mi gr a-

t i on f l ows?

3 . howdo t r ade pol i ci es af f ect mi gr at i on f l ows andt he expl oi t at i on of nat ur al

r esour ces?

The mai n r esul t s of t he paper ar e as f ol l ows . Mi gr at i on i s pr ompt ed by

wage di f f er ent i al s as t echnol ogy i s di f f er ent acr oss count r i es . We show t hat

mi gr at i on f r omt he Sout h i nduces a decr ease i n t he expl oi t at i on of t he r esour ce

i n t he Sout h . Thi s i ncr eases t hewel f ar e of t he Sout h but candecr ease t hat of t he

Nor t h . Mi gr at i on can l ead t o hi gher pr i ces of r esour ces i n t he Nor t h and i n t he

Sout h, set t i ng up a pr ocess of i nducedt echni cal change i n t he Nor t h and bet t er

t er ms of t r ade f or t he Sout h, al t oget her a posi t i ve out come . As i s i nt ui t i vel y

obvi ous, mi gr at i on r educes t he wage di f f er ent i al bet ween Nor t h and Sout h i n

a model wher e, cont r ar y t o Heckscher - Ohl i n assumpt i ons, t echnol ogi es di f f er

bet ween count r i es . Fi nal l y, we show t hat i t i s possi bl e t hat a t ax on t he use

of t he r esour ce i n t he Sout h i nduces an i ncr ease i n i t s ext r act i on r at her t han a

decr ease . Tr ade pol i ci es coul d have a posi t i ve i mpact on r esour ce ext r act i on,

coul d r educe t he wage gap and t her ef or e decr ease t he economi c i ncent i ve t o

t he mobi l i t y of l abour .

The paper i s or gani zed as f ol l ows . Sect i on 2 pr esent s t he basi c model .

Sect i on 3 ext ends i t t o cover t he case of mi gr at i on and pr oves t he mai n r esul t s

on t he ef f ect s of mi gr at i on o
of t he Sout h . Sect i on 4 exam
Sect i on 5 ar gues t hat t ax po
t hat t hey can have ef f ect s op
howt r adi t i onal t r ade pol i ci e
t he expl oi t at i on of r esour ces

2. The Model

Ther e ar e t wo r egi ons, t he i n,
count r i es ( Sout h) , t wo goo(
f ol l ows Chi chi l ni sky ( 1981,
E and l abor L, t hat ar e use(
B good i s mor e r esour ce i l
f i xed coef f i ci ent s ar e assume
di f f er ent i n t he t wo count r i e
r epr esent i ng t he quant i t y of 1
of good i . Endowment s of l a
depend on r el at i ve r ewar ds. '
pr oduct i on, t her e i s subst i t ut
as r el at i ve pr i ces change . 2

2. 1 . One Regi on Model

Consi der f i r st t he economy
mar ket and const ant r et ur ns t

PB = aj PE + cl w,

PA = a2PE + c2w,

wher e PA ( r espect i vel y PB)

of t he envi r onment al r esour c
t he envi r onment al r esour ce ( l

The assumpt i on t hat B i s j
t r ansl at es i nt o a posi t i ve val u
der i ve t he r el at i on bet ween T
t he r esour ce.

Fr omEquat i ons ( 1) and ( 2

PE =
c2PB - ci

D

w=
al - c2PB

D
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on t he ef f ect s of mi gr at i on on t he expl oi t at i on of t he r esour ce and t he wel f ar e
of t he Sout h . Sect i on 4 exami nes t he t endency t owar ds r eal wage equal i zat i on .
Sect i on 5 ar gues t hat t ax pol i ci es on t he use of t he r esour ce ar e unr el i abl e i n
t hat t hey can have ef f ect s opposi t e f r omwhat i s i nt ended . Fi nal l y, we di scuss
howt r adi t i onal t r ade pol i ci es coul d af f ect t he degr ee of f act or mobi l i t y and
t he expl oi t at i on of r esour ces .

Ther e ar e t wo r egi ons, t he i ndust r i al i zed count r i es ( Nor t h) and t he devel opi ng
count r i es ( Sout h) , t wo goods A and B and t wo f act or s . The f or mul at i on
f ol l ows Chi chi l ni sky ( 1981, 1994) . The i nput s ar e an envi r onment al r esour ce
E and l abor L, t hat ar e used t o pr oduce t he t wo goods . I n bot h r egi ons t he
B good i s mor e r esour ce i nt ensi ve t han A. Const ant r et ur ns t o scal e and
f i xed coef f i ci ent s ar e assumed i n t he pr oduct i on of each good . Technol ogy i s
di f f er ent i n t he t wo count r i es : ' t her e ar e f our t echni cal coef f i ci ent s, ci ( ai ) ,
r epr esent i ng t he quant i t y of l abor ( envi r onment al r esour ce) per uni t of out put
of good i . Endowment s of l abor and envi r onment al r esour ce ar e not f i xed but
depend on r el at i ve r ewar ds . Ther ef or e, even i f t her e ar e f i xed coef f i ci ent s i n
. pr oduct i on, t her e i s subst i t ut abi l i t y among f act or s i n t he economy as a whol e
as r el at i ve pr i ces change . 2

Consi der f i r st t he economy of t he Sout h. Per f ect compet i t i on i n t he goods
mar ket and const ant r et ur ns t o scal e i mpl y zer o pr of i t s i n equi l i br i umso t hat :

wher e PA ( r espect i vel y PB) i s t he pr i ce of good A( B) , PE( w) i s t he pr i ce
of t he envi r onment al r esour ce ( l abor ) , ai ( q) ( i = 1, 2) ar e t he coef f i ci ent s of
t he envi r onment al r esour ce ( l abor ) r espect i vel y i n i ndust r y 1 ( B) and 2 ( A) .

The assumpt i on t hat B i s mor e i nt ensi ve i n t he use of t he r esour ce t han A
t r ansl at es i nt o a posi t i ve val ue f or D= a1 C2 - a2C1 . For f ut ur e r ef er ence we
der i ve t he r el at i on bet ween PB and t he wage, w, and PB and PE, t he pr i ce of
t he r esour ce.

Fr omEquat i ons ( 1) and ( 2) we obt ai n :
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and, t her ef or e,
c1PB2

a( PEI PB)- -

aPB D

a( WI PB) __
_

at P_B
2

aPB

Labor and r esour ce suppl i ed ar e a f unct i on of t hei r r ewar ds . The l abor

t o t he f ol l owi ng:
r eal wage wl PB accor di ng

suppl y depends posi t i vel y on t he
( 3)

LS _- _ awl PB + Lo,

wher e / 3 and Lo ar e posi t i ve .

For si mpl i ci t y, we assume t hat t he r esour ce i s ext r act ed usi ng l abor as

t he onl y i nput and accor di ng t o a st r i ct l y concave pr oduct i on f unct i on,

E = E( N) . I t was shown r ecent l y ( Chi chi l ni sky, 1994) 3 t hat under t hese

ci r cumst ances t he amount of r esour ce suppl i ed i s an i ncr easi ng f unct i on of

t he pr i ce of t he r esour ce and t hat t he pr eci se f or mof t he suppl y cur ve depends

on t he pr evai l i ng st r uct ur e of pr oper t y r i ght s . We wi l l assume t hat t he Sout h

has common pr oper t y ( i n par t i cul ar open access) r egi mes f or t he pool s f r om

whi ch t he r esour ce i s ext r act ed .

To sol ve t he model we need t o know t he r el at i ve pr i ce of t he r esour ce wi t h

r espect t o l abor . However , t her e i s no devel oped l abor mar ket i n t he ext r act i on

sect or of t he Sout h t hat we l abel t he subsi st ence sect or of t he economy : hence

t her e i s no mar ket wage . We need t o def i ne t he oppor t uni t y cost of l abor . Let

us denot e t hi s oppor t uni t y cost by q and l et us assume f or t he moment t hat i t

i s a gi ven quant i t y, equal f or each wor ker . Lat er i n t he paper we wi l l der i ve

an expr essi on f or q i n a gener al equi l i br i umf ashi on.

Howi s t he oppor t uni t y cost q connect ed wi t h t he l evel of r esour ce ext r ac-

t i on? Fol l owi ng Chi chi l ni sky ( 1994) a l evel of ef f or t i s chosen by t he t ypi cal

wor ker i n such a way t hat q equal s t he common pr oper t y mar gi nal pr oduct

of l abor t i mes t he mar ket pr i ce of t he r esour ce . The common pr oper t y mar -

gi nal pr oduct ( CMP) i s t he change i n t he aver age yi el d t hat a t ypi cal wor ker

i obt ai ns as ( s) he suppl i es one mor e uni t of ef f or t i n a si t uat i on wher e t he

owner shi p of t he pool i s not r est r i ct ed . We can expr ess t he r el at i on t hat hol ds

i n t he opt i mal si t uat i on as

PE . CMP=q,

As t he pr i ce of t he r esour ce PE i ncr eases t he opt i mal l evel of ef f or t i ncr eases,

gi ven t he assumpt i on of st r i ct concavi t y of t he pr oduct i on f unct i on and t he

const ancy of q . As a r esul t t he quant i t y suppl i ed of t he r esour ce goes up as

i t s pr i ce PE i ncr eases .

These consi der at i ons gi ve r i se t o a suppl y cur ve of t he nat ur al r esour ce i n

t he Sout h t hat depends posi t i vel y on i t s pr i ce PE, f or any gi ven q . Not e how

pr oper t y r i ght s mat t er . I f t her e wer e wel l def i ned pr i vat e pr oper t y r i ght s i n t he

Sout h, t hen t he suppl y cur ve w,
equal s t he pr i vat e pr oper t y mar zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¬

Thus ar gument l eads us t o I
( whi ch i s assumed t o be l i near f i

Es
= aPEl q + Eo,

wher e Eo and a > p,
The Par amet er a i s l ar ge whey

( as i t i s t he case wi t h t he Sout h
t he suppl y of Et o i t s pr i ce i n coar e wel l def i ned. s I n t he model a" t r agedy of t he commons" whi ch

r esour ce whi ch i s l ar ger t han t he or
The si t uat i on i s summar i zed i t

common pr oper t y suppl y cur ve an

PE

Di i

The demand equat i ons f or t he r esour

ED
= a, BS + a2As,

LD
_

c r Bs + c2As,
wher e BS ( AS) i s t he suppl y of t he . EI n equi l i br i umdemand f or r esour c,

LD = LS,

ED = Es .

The Sout h expor t s t he r esour ce i nt ei t has been shown ( Chi chi l ni sky, 199I t
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Sout h, t hen t he suppl y cur ve woul d have been st eeper , as i n t hi s case q1PE

equal s t he pr i vat e pr oper t y mar gi nal pr oduct whi ch i s l ower t han t he CMP. 4

Thi s ar gument l eads us t o post ul at e a suppl y f unct i on of t he r esour ce

( whi ch i s assumed t o be l i near f or si mpl i ci t y) :

ES = aPEl q + Eo,

	

( 4)

wher e Eo and a > 0 .
The par amet er a i s l ar ge when t her e i s common pr oper t y f or t he r esour ce

( as i t i s t he case wi t h t he Sout h) si nce i t r ef l ect s t he gr eat er sensi t i vi t y of

t he suppl y of E t o i t s pr i ce i n compar i son t o t he case wher e pr oper t y r i ght s

ar e wel l def i ned . s I n t he model a l ar ge val ue f or a f or mal i zes t he so- cal l ed

" t r agedy of t he commons" whi ch i s known t o l ead t o an expl oi t at i on of t he

r esour ce whi ch i s l ar ger t han t he one occur r i ngwi t h a pr i vat e pr oper t y r egi me .

The si t uat i on i s summar i zed i n t he f ol l owi ng di agr am, wher e ECS i s t he

common pr oper t y suppl y cur ve and Ep t he pr i vat e pr oper t y suppl y cur ve :

Di agr am 1

The demand equat i ons f or t he r esour ces, ED and LD, ar e :

E

wher e Bs ( AS) i s t he suppl y of t he B ( A) commodi t y r espect i vel y .

I n equi l i br i umdemand f or r esour ces equal s suppl y so t hat :

( 5)

( 6)

The Sout h expor t s t he r esour ce i nt ensi ve good, B and i mpor t s A. I ndeed

i t has been shown ( Chi chi l ni sky, 1994) t hat when t he t wo count r i es have

i dent i cal t echnol ogy and pr ef er ences, a suf f i ci ent r eason f or t hemt o engage

i n t r ade i s t he di f f er ence i n t he pr oper t y r i ght s r egi me of t he nat ur al r esour ce

t hat i s used as an i nput of pr oduct i on . I n par t i cul ar t he Sout h has an appar ent



11 4 G. Chi chi l ni sky andM. Di Mat t eo

compar at i ve advant age i n, and expor t s, t he r esour ce i nt ensi ve good . The
Sout h expor t s good B, even i f Nor t h and Sout h shar e si mi l ar t echnol ogy and

pr ef er ences .

I n t he cont ext of t he pr esent , mor e gener al model , wher e t echnol ogi es and

pr ef er ences may di f f er among count r i es, t he assumed pat t er n of t r ade can

al ways be sust ai ned by a sui t abl e choi ce of t he val ue of t he demand f or t he

A good i n t he t wo count r i es, as i t i s appar ent f r om i nspect i on of di agr am2
bel ow.

Expor t s of t he Sout h equal t he di f f er ence bet ween domest i c suppl y and
demand, namel y :

XB -
s

_Bs - B ,

wher eas i mpor t s of commodi t y Aequal t he di f f er ence bet ween demand and
domest i c suppl y, namel y :

2. 2 . Two Regi on Model

Equat i ons f or t he Nor t h ar e si mi l ar except f or di f f er ent val ues of t he par ame-

t er s and of t he exogenous var i abl es, r ef l ect i ng di f f er ent t echnol ogi es, pr ef er -

ences and pr oper t y r i ght r egi me . I n t he Nor t h i t i s possi bl e t hat l abor suppl y
r esponds l i t t l e t o t he r eal wage . b Pr oper t y r i ght s f or t he r esour ces ar e wel l
def i ned i n t he Nor t h so t hat t he suppl y cur ve f or t he Nor t h i s st eeper r ef l ect i ng
t he pr i vat e pr oper t y mar gi nal pr oduct .

I n Equat i on ( 4) we appr oxi mat e q, t he oppor t uni t y cost of l abor , by PB f or

t he Sout h wher e subsi st ence l abor i s empl oyed i n t he ext r act i on sect or . For
t he Nor t h we appr oxi mat e q by PA as t her e i s no subsi st ence sect or i n t he
Nor t h . Equat i on ( 4) nowr eads f or t he Sout h:

Es =aPEI PB+Eo

and f or t he Nor t h :

Es( N) = aNPEI PA + Eo( N) .

The Nor t h i mpor t s t he r esour ce i nt ensi ve good Band expor t s t he ( ski l l ed)
l abor i nt ensi ve good A.

Ther e ar e ot her sel f expl anat or y condi t i ons t o be f ul f i l l ed i n an i nt er nat i onal
equi l i br i um:

PA( S) = PA( N) ,

	

( 12)

PB( S) = PB( N) ,

	

( 13)

wher e

XB( S) = XD( 1\

XD( S) = XA( 1\

Fi nal l y, we choose t he nu

PA =1 .

To cl ose t he model we

but we coul d equal l y con:

r esul t s : 9

AD( S) = Ao ( S

AD( N) = AD( 1`

The model i s compost

pl us 12 anal ogous equat i

( 12) , ( 13) , ( 15) and ( 16) . ' .

i s bal anced and ( 12) , ( 13)

14 i n each r egi on : PB, P,

XD
-
10

I t t ur ns out t hat t he mo

i t r educes t o a quadr at i c e

f r omt he equi l i br i umcon

Ao ( S) + Ao ( N

and usi ng Equat i ons ( 1- F

[ A( N) ] Pa +

A( N) = aN( Ci

C( S) = ( 1/ D)

C( N) = ( 1/ D)

V( S) = 8al

V( N) = ON( a,

Equat i on ( 19) has one

and t he quadr at i c i s posi t

Once t he t er ms of t r ad
be comput ed ( Chi chi l ni s
compl et e.

XD= AD - As, ( 10)

wher e AD ( BD) i s t he demand f or t he A ( B) good .
We assume t hat t r ade bal ances :

PBXa = PAXD. ( 11)



esour ce i nt ensi ve good . The

shar e si mi l ar t echnol ogy and

odel , wher e t echnol ogi es and

assumed pat t er n of t r ade can

val ue of t he demand f or t he
i omi nspect i on of di agr am2

et ween domest i c suppl y and

( 9)

Fer ence bet ween demand and

) od .

( 10)

f f r ent val ues of t he par ame-

i f f er ent t echnol ogi es, pr ef er -

i s possi bl e t hat l abor suppl y
i s f or t he r esour ces ar e wel l

he Nor t h i s st eeper r ef l ect i ng

uni t y cost of l abor , by PB f or

i n t he ext r act i on sect or . ? For
no subsi st ence sect or i n t he

Band expor t s t he ( ski l l ed)

) e f ul f i l l ed i n an i nt er nat i onal

( 12)

( 13)

wher e

To cl ose t he model we f ol l ow t he or i gi nal Chi chi l ni sky' s model ( 1981) 8

but we coul d equal l y consi der ot her assumpt i ons whi ch woul d l ead t o si mi l ar

r esul t s : 9

AD( S) = AD( S) ,
( S) ,

AD( N) =
Ao ( N) .

The model i s composed of 12 equat i ons f or t he Sout h ( ( 1- 11) and ( 17) )

pl us 12 anal ogous equat i ons f or t he Nor t h ( denot ed ( 1' - 11 ' ) and ( 18) ) pl us

( 12) , ( 13) , ( 15) and ( 16) . I ndeed, Equat i on ( 14) i s al ways sat i sf i ed when t r ade

i s bal anced and ( 12) , ( 13) , and ( 14) hol d . Ther e ar e 28 endogenous var i abl es,

14 i n each r egi on : PB, PA, w, PE, LS, LD, ES, ED, BS, BD, AS, AD, XB,
XDD. 1o

I t t ur ns out t hat t he model can be sol ved anal yt i cal l y i n a ver y si mpl e way :

i t r educes t o a quadr at i c equat i on i n t he Sout her n t er ms of t r ade, PB . St ar t i ng

f r omt he equi l i br i um condi t i on i n t he wor l d mar ket f or t he A good

Ao ( S) + Ao ( N) = AS( S) + AS( N)

and usi ng Equat i ons ( 1- 8) we obt ai n :

[ A( N) ] PB + [ Ao( S) + Ao( N) + C( S) + C( N) ] PB

- [ V( S) +V( N) ] = 0,

	

( 19)

A( N) = aN( C1C2) N1DN,

C( S) = ( 1/ D) [ c1Eo - a1Lo + ( a j a20 + cl c2a) / D] ,

C( N) = ( 1 / D) N[ ( CI EO - a1Lo) N + ( al a20 - Ci a) N/ DN] ,

V( S) = , 3ai / D2 + aci / D2,

V( N) = 3N( a' 1) N1DN.

Equat i on ( 19) has one posi t i ve sol ut i on si nce t he const ant t er m i s negat i ve

and t he quadr at i c i s posi t i ve .

Once t he t er ms of t r ade ar e known al l t he ot her endogenous var i abl es can

be comput ed ( Chi chi l ni sky, 1981) . The sol ut i on of t he model i s, t her ef or e,

compl et e .
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XB( S) = XD( N) , ( 14)

XA ( S) = XA( N) . ( 15)

Fi nal l y, we choose t he numer ai r e :

PA =1 . ( 16)



The mar ket f or t he A good can be i l l ust r at ed i n t he f ol l owi ng di agr am,

wher e t he cont i nuous l i ne i ndi cat es t he equi l i br i uml evel of t he t er ms of t r ade

at whi ch t he Sout her n demand f or expor t s equal s t he Nor t her n suppl y of

expor t s :
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Di agr am2

2 . 3 . The Oppor t uni t y Cost of Labor i n t he Subsi st ence Sect or

Typi cal l y, t he oppor t uni t y cost of l abor , q i s equal t o t he wage but i n t he Sout h

t her e i s no f or mal l abor mar ket i n t he subsi st ence sect or . Ther ef or e, i n t he

f ol l owi ng we wi l l der i ve an endogenous val ue f or q i n a gener al equi l i br i um

f ashi on, f ol l owi ng ( Chi chi l ni sky, 1994) .

We assume t hat t he t ypi cal wor ker maxi mi zes a ut i l i t y f unct i on U =
U( A, No - N) dependi ng on t he consumpt i on of good A and on l ei sur e,
No - N, subj ect t o t he f ol l owi ng const r ai nt : PAA = PEE( N) , wher e Ehas

al r eady been def i ned i n Sect i on 2. 1, and No i s t he t ot al avai l abl e amount of
t i me . I n t he pr ef er r ed si t uat i on i t i s t r ue f or t he t ypi cal wor ker t hat :

8U/ 8( No - N)

	

PE( 8E/ 8N)

al l / 8A PA

aU/ 8( No - N)

Pr evi ousl y we have shown ( i n Sect i on 2. 1) t hat q must be equal t o t he val ue
of t he common pr oper t y mar gi nal pr oduct ; si nce i n our Nor t h- Sout h model
PA = 1, i t f ol l ows t hat :

So q, whi ch i s a f unct i on of PE/ PA, i s t he r at i o of t he mar gi nal ut i l i t i es of
t he t ypi cal wor ker . Thi s f ul l y def i nes an endogenous val ue f or q, once PB i s
known. Fr omt he l at t er we can comput e PE usi ng Equat i ons ( 1) and ( 2) .

The next st ep i s t o show t hat as t he pr i ce of t he r esour ce whi ch t he t yp-
i cal wor ker sel l s goes down, ( s) he has t o wor k mor e and not l ess t o secur e
a mi ni muml evel of . subsi st ence when t he pr i ce of consumpt i on goods has
i ncr eased ( i n r el at i ve t er ms) . Hence our next st ep i s t o ascer t ai n what happens
t o t he wor ker ' s choi ce of l ei sur e and good Awhen ( s) he i s conf r ont ed wi t h a
di f f er ent pr i ce of t he r esour ce and we al l owt he oppor t uni t y cost q t o change .

For t hi s pur pose onl y, we

of subst i t ut i on bet ween l e

i n t her el at i ve pr i ce of Ai t

i s t he same t hi ng, an i ncr e

PROPOSI TI ON 1 . I f t he

sumpt i on i s l ess t han one,

U= U( A, No - N) subs

when t he pr i ce of r esour c

Pr oof. The suppl y cur v

by q. As PE/ PA decr eas

suppl y of t he r esour ce . E

al so ( 8E/ 8' N) decr eases

suppl y cur ve f or t he r esoi

si gnal l i ng i n equi l i br i um, -

once changes i n q ar e t ake

Ageomet r i cal expl anat i oi

3 . Why Does Labor Mi

Si nce t echnol ogi es ar e di :

i zed af t er t r ade, as t he Hec

t i on of equal t echnol ogi es

t r i es onl y when t he t er ms

t he f ol l owi ng expr essi on:

( ai / D) l y - al / 1

( a2/ D) N - a2/ 1

The val ue i n t hi s expr e:

t er s so t hat onl y by a coi n

t hat r ef l ect s t he sol ut i on

val ue of t he t er ms of t r ade

val ue f or t he equal i zed r e ;

A si mi l ar ar gument ap]
i s not equal i zed ei t her . W

r esour ce E, t he t er ms of

f ol l owi ng expr essi on :

( cl I D) N - C1 / L

( c2/ D) N - c2/ L

Whi l e i n equi l i br i ume
cannot occur at t he sam



i i n t he f ol l owi ng di agr am,

ml evel of t he t er ms of t r ade

al s t he Nor t her n suppl y of

Nor t h

A

t ence Sect or

t o t he wage but i n t he Sout h

- e sect or . Ther ef or e, i n t he

r q i n a gener al equi l i br i um

: es a ut i l i t y f unct i on U =

of good A and on l ei sur e,

l = PEE( N) , wher e Ehas
. e t ot al avai l abl e amount of
pi cal wor ker t hat :

q must be equal t o t he val ue

i n our Nor t h- Sout h model

~ of t he mar gi nal ut i l i t i es of

: ) us val ue f or q, once PB i s
Equat i ons ( 1) and ( 2) .

he r esour ce whi ch t he t yp-
i or e and not l ess t o secur e
of consumpt i on goods has
s t o ascer t ai n what happens
i ( s) he i s conf r ont ed wi t h a

por t uni t y cost q t o change .
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For t hi s pur pose onl y, we assume t hat t he ut i l i t y f unct i on Uhas an el ast i ci t y

of subst i t ut i on bet ween l ei sur e and Al ess t han one . i
1 I n t hi s case an i ncr ease

i n t he r el at i ve pr i ce of Ai mpl i es a r educt i on i n t he l ei sur e consumed or , whi ch

i s t he same t hi ng, an i ncr ease i n t he suppl y of ef f or t . Hence we est abl i sh :

PROPOSI TI ON 1 . I f t he el ast i ci t y of subst i t ut i on bet ween l ei sur e and con-

sumpt i on i s l ess t han one, a wor ker i n t he subsi st ence sect or who maxi mi zes

U = U( A, No - N) subj ect t o PAA = PEE( N) , i ncr eases hi s ( her ) ef f or t

when t hepr i ce of r esour ce Edecr eases vi s- d- vi s t hepr i ce of good A.

Pr oof. The suppl y cur ve ES we der i ved ( Equat i on ( 4) ) was par amet er i zed

by q. As PEI PA decr eases, t he quant i t y of ef f or t i ncr eases and wi t h i t t he

suppl y of t he r esour ce . By t he st r i ct concavi t y of t he pr oduct i on f unct i on,

al so ( 8E/ aN) decr eases so t hat q has t o decr ease as wel l . I n t er ms of our

suppl y cur ve f or t he r esour ce t hi s means t hat such a cur ve shi f t s downwar ds

si gnal l i ng i n equi l i br i uma hi gher suppl y of t he r esour ce as PE I PA decr eases,

once changes i n q ar e t aken i nt o account .

	

0

Ageomet r i cal expl anat i on of t he r esul t i s pr ovi ded i n t he Appendi x .

3 . Why Does Labor Mi gr at e?

Si nce t echnol ogi es ar e di f f er ent acr oss count r i es f act or pr i ces ar e not equal -

i zed af t er t r ade, as t he Heckscher - 0hl i n t heor y ( whi ch i s based on t he assump-

t i on of equal t echnol ogi es) asser t s . 12 I ndeed r eal wages ar e equal acr oss coun-

t r i es onl y when t he t er ms of t r ade t ake on a par t i cul ar val ue, PB, gi ven by

t he f ol l owi ng expr essi on :

( ai / D) N - ai / D =_ P

	

.M

( a2I D) N- a2/ D

( 20)

The val ue i n t hi s expr essi on depends excl usi vel y on t echnol ogi cal par ame-

t er s so t hat onl y by a coi nci dence does i t equal t he equi l i br i umt er ms of t r ade

t hat r ef l ect s t he sol ut i on of t he gener al equi l i br i um model . I n addi t i on t he

val ue of t he t er ms of t r ade gi ven by ( 20) coul d be such as t o ent ai l a negat i ve

val ue f or t he equal i zed r eal wage .

Asi mi l ar ar gument appl i es f or t he pr i ce of t he r esour ce, whi ch i n gener al

i s not equal i zed ei t her . We can show t hat t o have an equal i zed pr i ce f or t he

r esour ce E, t he t er ms of t r ade shoul d t ake on a val ue, PB, gi ven by t he

f ol l owi ng expr essi on :

( c1I D) N - c1/ D
-

	

F=PB .

	

( 21)
( c21 D) N - c2/ D

Whi l e i n equi l i br i umei t her ( 20) or ( 21) coul d occur by coi nci dence, bot h
cannot occur at t he same t i me, as i t i s cl ear by compar i ng t hem: hence



11 8 G. Chi chi l ni sky andM. Di Mat t eo

si mul t aneous equal i zat i on of r eal wages and r esour ce pr i ce acr oss count r i es

i s r ul ed out .

I f r eal wages ar e di f f er ent acr oss count r i es t her e i s an i ncent i ve f or wor ker s

t o move f r omt he l owwage t o t he hi gh wage r egi on. 13 We can easi l y est abl i sh

under whi ch condi t i ons l abor moves t o t he Nor t h ( Sout h) . As ever y endoge-

nous var i abl e can be comput ed when t he t er ms of t r ade ar e det er mi ned, we

knowt hat w/ PB < ( >) ( WI PB) N i mpl i es :

[
L2 ) N - a2

	

PB < N

	

a, )

	

al

( D

	

D) ]

	

( f , - - D*

Let us make t he f ol l owi ng by nowst andar d
14

ASSUMPTI ON l . I n t he Sout h t echnol ogi es ar e dual .

By dual t echnol ogi es i n t he Sout h we mean t hat t he Bsect or i s much mor e

r esour ce i nt ensi ve t han i n t he Nor t h . Thi s can be t r ansl at ed i nt o t he model by

assumi ng a much l ar ger val uef or Dwi t h r espect t o DN ( see t he def i ni t i on of

D i n Sect i on 2. 1) . I f t hen D » DN t hen we can est abl i sh t hat l abor l eaves

t he Sout h whenever

PB < ( al / D) N - ( al / D)

	

PM.
( a2/ D) N - ( d2/ D)

	

B

I n a si mi l ar way we can est abl i sh ( under t he same condi t i ons) t hat t he pr i ce

of t he r esour ce i s l ower i n t he Sout h t han i n t he Nor t h whenever

PB > ( cl / D) N - ( cl / D) - _ PF.

( c2/ D) N - ( c1/ D)

	

B

I n addi t i on t o t he r eal wage gap, ot her f act or s have r ecent l y been hi ghl i ght ed

i n t he mi gr at i on phenomenon . I n par t i cul ar t her e i s evi dence ( Myer s, 1993)

t hat among t he consequences of envi r onment al damage i s t he f act t hat peopl e

move away f r omt hei r homes. I t i s al so bel i eved t hat envi r onment al r ef ugees

ar e due t o t r opi cal def or est at i on, soi l er osi on and deser t i f i cat i on .

I t i s because mi gr at i on i s such a compl ex phenomenon t hat at f i r st we do

not i nt end t o est abl i sh a st r i ct , quant i t at i ve r el at i on bet ween t he number of

wor ker s who mi gr at e and t he r eal wages gap i n t he t wo count r i es . Though we
mai nt ai n t hat , among economi c f act or s, r eal wages di f f er ent i al i s a maj or f or ce
i n shapi ng l abor mi gr at i on, at t hi s st age our anal ysi s can accommodat e t he

case wher e ( at l east par t of ) mi gr at i on occur s f or envi r onment al mot i vat i ons .

I n or der t o accommodat e t he anal ysi s of mi gr at i on i n our f r amewor k we

si mpl y r ei nt er pr et t he equi l i br i umdescr i bed i n t he model of t he pr evi ous sec-

t i on as an equi l i br i umoccur r i ng i n an i nt er val of t i me wi t hi n whi ch mi gr at i on

i s not al l owed . 15 At t he end of each per i od wor ker s check whet her r eal wages
ar e hi gher i n t he Nor t h t han i n t he Sout h and deci de t o move t owar ds t he
hi gher wage count r y.

The number of wor ker s

l eave any one count r y can
wor ker s l eave t he Sout h ( 1`
and an i ncr ease ( f al l ) of Lo

a newequi l i br i umi s r each

st or y r epeat s i t sel f .

4 . The Ef f ect s of Mi gr at

Ext r act i on

Let us now suppose, qui t e

t han i n t he Nor t h so t hat N

model t hi s i s capt ur ed by a
same magni t ude.

We can nowest abl i sh t r

PROPOSI TI ON 2. I f Asst

Nor t h i s associ at ed wi t h a
Pr oof. Usi ng Equat i on ( :

aPB

aLo

	

2PB [ A( N.

aPB -

aLo ( N)

	

2PB [ A( N,

I n t he denomi nat or when
det er mi nes t he si gn of C( S
a posi t i ve quant i t y, t he den

hol ds, t hen t he numer at or c
t han t he numer at or of t he
Nor t her n component . As a
change i n t he t er ms of t r ad

The i nt ui t i ve economi c ex
i ncr ease i n Lo( N) and a f al
t r ade t he suppl y of l abor i s
t r i gger s a shi f t i n t he pr od
t he pr oduct i on of A ( at t he

r esour ce i nt ensi ve good B
good : i f t he f al l i n pr oduct i
Nor t h, t hen t he t enns of t r



, our ce pr i ce acr oss count r i es

r e i s an i ncent i ve f or wor ker s

i on . 13 We can easi l y est abl i sh

: h ( Sout h) . As ever y endoge-

of t r ade ar e det er mi ned, we

al

D

E

e dual .

pat t he Bsect or i s much mor e

t r ansl at ed i nt o t he model by

: t t o DN( see t he def i ni t i on of

i n est abl i sh t hat l abor l eaves

me condi t i ons) t hat t he pr i ce

Nor t h whenever

ave r ecent l y been hi ghl i ght ed

r e i s evi dence ( Myer s, 1993)

damage i s t he f act t hat peopl e

i t hat envi r onment al r ef ugees

i d deser t i f i cat i on .

l enomenon t hat at f i r st we do

at i on bet ween t he number of

t he t wo count r i es . Thoughwe

; es di f f er ent i al i s a maj or f or ce

i al ysi s can accommodat e t he

~r envi r onment al mot i vat i ons .

gr at i on i n our f r amewor k we

he model of t he pr evi ous sec-

Ft i me wi t hi n whi ch mi gr at i on

: er s check whet her r eal wages

deci de t o move t owar ds t he
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The number of wor ker s who at t hej unct i on bet ween one per i od and anot her

l eave any one count r y can be r epr esent ed i n t he model as a change i n Lo . I f

wor ker s l eave t he Sout h ( Nor t h) i t wi l l be a f al l ( i ncr ease) i n Lo f or t he Sout h

and an i ncr ease ( f al l ) of Lo ( N) i n t he Nor t h of exact l y t he same amount . Then

a newequi l i br i umi s r eached wi t hi n t he second per i od at t he end of whi ch t he

st or y r epeat s i t sel f .

4 . The Ef f ect s of Mi gr at i on on Wage Di f f er ent i al and Resour ce

Ext r act i on

Let us nowsuppose, qui t e r easonabl y, t hat r eal wages ar e l ower i n t he Sout h
t han i n t he Nor t h so t hat wor ker s move f r om t he Sout h t o t he Nor t h . I n our

model t hi s i s capt ur ed by an i ncr ease i n Lo ( N) and a f al l i n Lo of exact l y t he

same magni t ude.

We can nowest abl i sh t he f ol l owi ng

PROPOSI TI ON 2 . I f Assumpt i on 1 hol ds, mi gr at i on f r om t he Sout h t o t he

Nor t h i s associ at ed wi t h a hi gher l evel of t he Sout h' s t er ms of t r ade .

Pr oof. Usi ng Equat i on ( 24) and t he i mpl i ci t f unct i on t heor emwe comput e :

19PB __

	

[ al / D] PB

Ho

	

2PB [ A( N) ] +
[ AD( S) + AD( N) + C( S) + C( N) ] '

__

	

[ ( al I D) N] PB ( I ' M
8Lo( N)

	

2PB [ A( N) ] +
[ AD( S)( S) +A' ( N) + C( S) + C( N) ]

8PB

I n t he denomi nat or when a i s l ar ge i n t he Sout h t he si gn of t he t er m i n a

det er mi nes t he si gn of C( S) and C( N) . Si nce t he t er m i n a i n C( S) i s cl c2a,

a posi t i ve quant i t y, t he denomi nat or i s posi t i ve i n t hi s case. I f Assumpt i on 1

hol ds, t hen t he numer at or of t he second expr essi on i s l ar ger i n absol ut e val ue
t han t he numer at or of t he f i r st and t he net ef f ect wi l l be domi nat ed by t he

Nor t her n component . As a consequence of t he assumed changes i n Lo, t he

change i n t he t er ms of t r ade wi l l be posi t i ve .

	

o

The i nt ui t i ve economi c expl anat i on of t he above r esul t i s as f ol l ows . An

i ncr ease i n Lo ( N) and a f al l i n Lo ( S) means t hat f or any l evel of t he t er ms of

t r ade t he suppl y of l abor i s l ar ger i n t he Nor t h and smal l er i n t he Sout h . Thi s

t r i gger s a shi f t i n t he pr oduct i on mi x i n each count r y, t he Nor t h i ncr easi ng

t he pr oduct i on of A ( at t he expense of B) , t he Sout h t he pr oduct i on of t he
r esour ce i nt ensi ve good B ( at t he expense of A) . Take t he mar ket f or t he A
good: i f t he f al l i n pr oduct i on i n t he Sout h i s smal l er t han t he i ncr ease i n t he
Nor t h, t hen t he t er ms of t r ade of t he Sout h i ncr ease. Thi s happens pr eci sel y
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when, accor di ng t o our t er mi nol ogy, t echnol ogi es ar e dual i n t he Sout h ( usi ng

Equat i ons ( 5- 8) ) :

8AS( S) - al <

C
al l

	

- 8AS( N)

8LS( S)

	

D

	

D N

	

W( N)

The si t uat i on i s i l l ust r at ed i n t he di agr ambel owwher e PB i s t he newl evel

of t he t er ms of t r ade and
A' s

i s t he l evel of suppl y of Aaf t er mi gr at i on .

Di agr am 3

To pr oceed wi t h our anal ysi s we need t o det er mi ne whet her t he wage di f -

f er ent i al decr eases af t er mi gr at i on . When wor ker s l eave t he Sout h t he t er ms

of t r ade ar e l ower t han t he l evel at whi ch r eal wages ar e equal i zed . Si nce as

a consequence of mi gr at i on f l ows, t he t er ms of t r ade i ncr ease, i t i s cl ear t hat

t he gap, i n t he t er ms of t r ade wi l l be l ower :

PROPOSI TI ON3. Ann Assumpt i on 1 hol ds, mi gr at i on wi l l r educe t he wage

di f f er ent i al .

Pr oof . When Assumpt i on 1 hol ds, wor ker s l eave t he Sout h whenever

PB < PB. As a consequence of mi gr at i on f r omt he Sout h t er ms of t r ade

i ncr ease . Er go t he gap i n t he t er ms of t r ade r educes . On t he ot her hand, f r om

t he compar i son of Equat i ons ( 1) and ( 2) wi t h t he cor r espondi ng Nor t her n

equat i ons, an i ncr ease i n t he t er ms of t r ade wi l l i nduce a f al l i n t he Sout her n

r eal wage whi ch i s l ess t han t he f al l i n t he Nor t her n, i f Assumpt i on 1 hol ds .

Ther ef or e, t her e i s a t endency t owar ds wage r at es equal i zat i on . A si mi l ar

ar gument hol ds when r eal wages ar e hi gher i n t he Sout h t han i n t he Nor t h,

namel y when PB > PB.

	

o

The si t uat i on 16 i s i l l ust r at ed i n di agr am4 wher e t he di f f er ent sl opes of t he

t wo cur ves depends on Assumpt i on 1, namel y on t he l ar ge val ue of Dwi t h

r espect t o DN:

The next poi nt i s t o exf

wi sh t o det er mi ne whet her

The out come depends c

has t aken pl ace . We have e

t er ms of t r ade r i se. Thi s i n

and ( 2) . I n par t i cul ar t he p

t han i n t he Sout h, i f Assu

pr i ces bet ween t he Nor t h

of t he r esour ce wer e l owe

r esul t i n r educi ng t he di f f e

equi l i br i um t er ms of t r ade

PB < PB, t hen l abor mi gi

t he r esour ce pr i ces gaps . 17

Fr om t he pol i cy poi nt c
pr i ce of t he r esour ce acr oss

f r omt he Nor t h t o expl oi t 1

secondl y i t coul d set up a F

These devel opment s ar e nc

The f i nal poi nt i n t hi s se

expl oi t at i on of r esour ces .
mi gr at i on pat t er n?

When mi gr at i on t akes
est abl i shed wi t h ahi gher l e
l evel f or t he pr i ce of t he r e :
l abor empl oyed i n t he subsi
quant i t y suppl i ed of t he r e,
can be i nf er r ed by maki ng 1

I t was shown t her e t hat a :

wor ker i n t he subsi st ence
of t he r esour ce wi l l be ex
i ncr ease and, as i s cl ear f r o
i ncr eases as wel l , i t f ol l ow,
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Di agr am4

The next poi nt i s t o expl or e t he i mpact of mi gr at i on on t he r esour ces . We

wi sh t o det er mi ne whet her di f f er ences i n PE acr oss count r i es i ncr ease.

The out come depends on t he si gn of t he di f f er ent i al gap bef or e mi gr at i on

has t aken pl ace . We have est abl i shed t hat af t er mi gr at i on f r omt he Sout h, t he

t er ms of t r ade r i se . Thi s i n t ur n wi l l i ncr ease PE as i s cl ear f r omEquat i ons ( 1)

and ( 2) . I n par t i cul ar t he pr i ce of t he r esour ce wi l l i ncr ease mor e i n t he Nor t h

t han i n t he Sout h, i f Assumpt i on 1 hol ds, t hus i ncr easi ng t he di f f er ence i n

pr i ces bet ween t he Nor t h and t he Sout h . Onl y i f bef or e mi gr at i on t he pr i ce

of t he r esour ce wer e l ower i n t he Nor t h t han i n t he Sout h, woul d mi gr at i on

r esul t i n r educi ng t he di f f er ent i al i n t he r esour ce pr i ce . I n ot her wor ds, i f t he

equi l i br i um t er ms of t r ade ar e such t hat at t he same t i me PB < PB and

PB < PB, t hen l abor mi gr at i on wi l l i nduce a r educt i on i n bot h t he l abor and

t he r esour ce pr i ces gaps . 17

Fr omt he pol i cy poi nt of vi ew t he ef f ect s of a yawni ng gap bet ween t he

pr i ce of t he r esour ce acr oss r egi ons coul d be t o f ost er mor e di r ect i nvest ment

f r om t he Nor t h t o expl oi t t he l ower l evel of t he r esour ce pr i ce i n t he Sout h;

secondl y i t coul d set up a pr ocess of i nduced t echni cal pr ogr ess i n t he Nor t h.

These devel opment s ar e not deal t wi t h her e and deser ve f ur t her anal ysi s .

The f i nal poi nt i n t hi s sect i on i s t o exami ne t he ef f ect s of mi gr at i on on t he

expl oi t at i on of r esour ces . What wi l l be t he gener al equi l i br i umef f ect s of t he

mi gr at i on pat t er n?

When mi gr at i on t akes pl ace f r om Sout h t o Nor t h a new equi l i br i um i s

est abl i shed wi t h a hi gher l evel of t he t er ms of t r ade . I n t ur n t hi s i mpl i es a new

l evel f or t he pr i ce of t he r esour ce and a newval ue f or t he oppor t uni t y cost of

l abor empl oyed i n t he subsi st ence sect or t o ext r act t he r esour ce. As a r esul t t he

quant i t y suppl i ed of t he r esour ce wi l l change. I n whi ch di r ect i on i t changes

can be i nf er r ed by maki ng use of a r esul t al r eady est abl i shed ( Pr oposi t i on 1) .

I t was shown t her e t hat as t he pr i ce of t he r esour ce i ncr eases, t he t ypi cal

wor ker i n t he subsi st ence sect or wi l l suppl y l ess ef f or t and t her ef or e l ess

of t he r esour ce wi l l be ext r act ed. Si nce af t er mi gr at i on t he t er ms of t r ade

i ncr ease and, as i s cl ear f r omEquat i ons ( 1) and ( 2) , t he pr i ce of t he r esour ce

i ncr eases as wel l , i t f ol l ows :
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PROPOSI TI ON4. Af t er mi gr at i on f r om t he Sout h t o t he Nor t h, i f Assump-

t i on 1 hol ds, t he newequi l i br i um i s char act er i zed by a hi gher l evel of t he

r esour ce pr i ce and a yawni ng gap i n r esour ces pr i ces i n t he Nor t h and t he

Sout h, pot ent i al l y l eadi ng t o i nduced t echni cal change i n t he Nor t h. I f t he

el ast i ci t y of subst i t ut i on bet ween l ei sur e and t he consumpt i on good i s l ess

t han onef or t he subsi st ence wor ker , t hi s l eads t o a hi gher oppor t uni t y cost

of subsi st ence l abor i n t he Sout h . At t hi s newequi l i br i umt he wor ker appl i es

l ess ef f or t and l ess r esour ce i s ext r act ed i n t he Sout h.

Pr oof. Thi s i s a cor ol l ar y of Pr oposi t i ons 1 and 2. Fr om Pr oposi t i on 2

mi gr at i on f r omt he Sout h wi l l i ncr ease t he t er ms of t r ade . Fr omEquat i ons ( 1)

and ( 2) t he i ncr ease i n t he t er ms of t r ade wi l l i ncr ease t he pr i ce of t he r esour ce

( r el at i ve t o PA) . Thi s, vi a Pr oposi t i on 1, i nduces an i ncr ease i n l ei sur e and,

t her ef or e, a f al l i n ef f or t of t he t ypi cal wor ker and a decr ease i n t he expl oi t at i on

of t he r esour ce.

	

p

5. The Ef f ect s of Mi gr at i on on Wel f ar e

We f i nal l y consi der t he ef f ect s on t he wel f ar e of t he t wo count r i es . Si nce t he
quant i t y consumed of t he Agood i s gi ven i n each count r y, one has t o l ook at
t he r esponse of t he demand f or t he B good ( when t er ms of t r ade change) t o

anal yze wel f ar e i mpr ovement s . I ndeed i f , f ol l owi ng mi gr at i on, t he demand

f or basi c goods i ncr eases i n t he Sout h, t hen Sout h' s wel f ar e i ncr eases . To
show t hi s, f i r st we r ecal l t hat expor t s ar e t he di f f er ence bet ween domest i c
suppl y and demand . Secondl y, we not i ce t hat t he suppl y of B depends pos-
i t i vel y on i t s pr i ce, PB. I f we can show t hat expor t s f al l when t he t er ms of
t r ade i ncr ease, t hen i t i s cl ear t hat demand has t o i ncr ease .

PROPOSI TI ON 5 . Mi gr at i on of l abor f r om t he Sout h t o t he Nor t h i ncr eases
t he Sout h' s wel f ar e, i f Assumpt i on 1 hol ds.

Pr oof. Fr om

Xs

	

Bs - BD
B=

usi ng ( 5) and ( 6) and Wal r as' Law, we get

Thi s r educes t o

XB = ( c2E - a2L) / D - ( PEE + wL - Ao) I PB.

XB = acI C2/ D2PB - aci / D2PB + Ps
1

x [ Eocl / D - Loaf / D+ AD - , Qai / D2PB + 0al a2/ D2] .

I f we di f f er ent i at e wi t h r espect t o PB we get

aXB/ aPB = ( a/ D2PB) [ - cl c2 + 2c1PBI ] - PB2

x [ AD
+ Eocl / D - Loal / D + Qal a2/ D

2
- , 3a2

/ D2PB] .

The si gn of t he expr essi o:

l ar ge f or t he Sout h . Fr omEq
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ut h t o t he Nor t h, i f Assump-

zed by a hi gher l evel of t he

pr i ces i n t he Nor t h and t he

change i n t he Nor t h . I f t he

ce consumpt i on good i s l ess

t o a hi gher oppor t uni t y cost

ui l i br i um t he wor ker appl i es

out h .

and 2. Fr om Pr oposi t i on 2

of t r ade . Fr omEquat i ons ( 1)

ease t he pr i ce of t he r esour ce

s an i ncr ease i n l ei sur e and,

a decr ease i n t he expl oi t at i on

o

' t he t wo count r i es . Si nce t he

h count r y, one has t o l ook at

on t er ms of t r ade change) t o

gyr i ng mi gr at i on, t he demand

Rut h' s wel f ar e i ncr eases . To

i f f er ence bet ween domest i c

. e suppl y of B depends pos-

por t s f al l when t he t er ms of

i ncr ease .

Sout h t o t he Nor t h i ncr eases

- Ao) I PB

- t
B

z2I D2PB +, Qal a2/ D2] .

_ Pi 2

. , 3ai a2/ D2 - , 3a2I D2I ' B] .

The si gn of t he expr essi on i s domi nat ed by t he t er ms i n a whi ch i s ver y

l ar ge f or t he Sout h . Fr omEquat i ons ( 1) and ( 2) i t i s i mmedi at e t o see t hat t he

si gn of t he t er m i n squar e br acket s i s negat i ve i f c2/ D < 2PE/ PB. The l at t er

i s sat i sf i ed when Assumpt i on 1 hol ds, namel y Di s ver y l ar ge . On t he ot her

hand,

8BS/ 8PB = [ acl c2/ D2 +, Qal a2/ D2] PB2 > 0.

Ther ef or e, when t he t er ms of t r ade i ncr ease, suppl y of Bgoods i ncr eases and

expor t s decr ease : hence demand f or B, bei ng t he di f f er ence of t he t wo, has

t o i ncr ease and t he wel f ar e of t he Sout h i ncr eases as wel l .

Wi t hout mor e i nf or mat i on i t i s i mpossi bl e t o det er mi ne t he si gn of t he demand

f or basi cs i n t he Nor t h, as t her e a i s not l ar ge . We concl ude t hat as wor ker s

move f r om t he Sout h t o t he Nor t h, Sout h' s wel f ar e i ncr eases and Nor t h' s

can ei t her decr ease or i ncr ease, i f we measur e wel f ar e by t he amount of

consumpt i on goods avai l abl e i n each economy.

To end t hi s sect i on we st r ess t hat dual t echnol ogy i n t he Sout h i s a cr uci al

assumpt i on f or some of our r esul t s . I f t he hypot hesi s wer e t r ue f or t he Nor t h

( an unl i kel y event , t hough) mi gr at i on f r om t he Sout h woul d br i ng about a

decr ease i n t he t er ms of t r ade r at her t han an i ncr ease. Consequent l y, when

l abor l eaves t he Sout h r esour ce ext r act i on woul d expand r at her t han cont r act .

However , t he concl usi ons about t he t endency t owar ds a r educt i on of t he wage

( and r esour ce pr i ce) gap woul d be unaf f ect ed .

6 . Ef f ect s of Tax and Tr ade Pol i ci es

Tr ade, Mi gr at i on and Envi r onment 12 3

I n t hi s sect i on we exami ne t he ef f ect s of a t ax pol i cy i n t he Sout h ai med at

r educi ng t he expl oi t at i on of t he r esour ce and of a change i n t he pr oper t y r i ght s

i n t he Sout h. We wi l l al so consi der t he ef f ect s of t r ade pol i cy i n t he Sout h.

I t i s gener al l y bel i eved t hat t axes on t he use of t he r esour ce wi l l l ead t o

a r educt i on i n demand and t her ef or e wi l l hel p envi r onment al pr eser vat i on .

However t ypi cal l y t hi s ki nd of anal ysi s assumes t hat al l ot her pr i ces r emai n

const ant . Her e we woul d l i ke t o exami ne t he ef f ect of a t ax on t he use of t he

r esour ce i n t he gener al equi l i br i ummodel we have j ust pr esent ed .

Let us assume t hat a uni t t ax T on t he use of t he r esour ce ( pai d by t hose

who ut i l i ze i t ) i s l evi ed i n t he Sout h . Assume al so t hat t he r evenue f r om t hi s

t ax i s used t o i ncr ease t he domest i c demand f or t he non- r esour ce i nt ensi ve

good, A. I n t hi s case we est abl i sh:

PROPOSI TI ON 6 . A uni t t ax T on t he use of t he r esour ce, whosepr oceeds
ar e used t o i ncr ease demandf or t he A commodi t y, wi l l r educe t he t er ms of

t r ade, t hepr i ce of t he r esour ce, and i ncr ease t he out put of t he r esour ce i n t he
Sout h.
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Pr oof. Levyi ng a uni t t ax on t he use of t he r esour ce and al l ocat i ng t he

r evenue t o t he demand f or good A i s t ant amount t o assumi ng a shi f t of

demand i n f avor of good A. By usi ng t he i mpl i ci t f unct i on t heor emand ( 24) ,

l et us comput e:

The above expr essi on i s negat i ve si nce t he denomi nat or i s posi t i ve as i n

( 25) . The decr ease i n t he t er ms of t r ade i nduces a l ower l evel of t he r esour ce

pr i ce, vi a Equat i ons ( 1) and ( 2) , an i ncr ease i n t he out put of t he r esour ce and
a f al l i n t he oppor t uni t y cost of subsi st ence l abor vi a Pr oposi t i on 1 .

	

o

We have shown t hat par t i al equi l i br i umr esul t coul d be mi sl eadi ng si nce af t er

t he t ax t he pr i ce of t he r esour ce act ual l y f al l s r at her t han i ncr eases and t hi s

l eads t o mor e ext r act i on, not l ess . I f t he above pol i cy wer e enact ed when r eal

wages wer e l ower i n t he Sout h, one f ur t her ef f ect of t hi s pol i cy woul d be

t hat of encour agi ng mi gr at i on f r omt he Sout h as i t wi dens t he wage gap and

i nduces mor e degr adat i on.

Can one r esor t t o some ot her pol i cy t o r educe t he expl oi t at i on of t he

r esour ce? An al t er nat i ve pol i cy i n t he Sout h woul d be t o def i ne pr oper t y

r i ght s i n a bet t er way so t hat t he ext r act i on of t he r esour ce i s l ess sensi t i ve
t o i t s pr i ce and t he t endency t o an over expl oi t at i on of t he r esour ce i s kept i n
check ( see Chi chi l ni sky, 1994) .

Fi nal l y, we di scuss t he ef f ect s of t r adepol i cy, i n r ef er ence t o r esul t s der i ved

i n a cont ext of a si mi l ar model . Di Mat t eo ( 1993) pr oved t hat an expor t

dut y i n t he Sout h i ncr eases i t s t er ms of t r ade . 18 Ther ef or e, a move t owar ds
pr ot ect i oni sm by i ncr easi ng t he t er ms of t r ade and t he pr i ce of t he r esour ce
wi l l r educe t he amount of r esour ce pr oduced and expor t ed i n t he Sout h .

I n addi t i on, Di Mat t eo ( 1993) pr oved t hat a t ax on t he pr oduct i on of t he

B good i n t he Sout h i ncr eases i t s t er ms of t r ade and t her ef or e, as a r esul t ,
expl oi t at i on of t he r esour ce f al l s .

As a r esul t of t hese pol i cy act i ons, t he r eal wage di f f er ent i al i s r educed
and, ot her t hi ngs equal , we al so expect mi gr at i on t o r educe .

7 . Concl usi ons

aPB _

	

- PB

aAD( S)

_

2PB [ A( N) ] - f . Ao ( S) + Ao ( N) + C( S) + C( N)

We have anal yzed t he r el at i ons bet ween degr adat i on of t he envi r onment and
l abor mi gr at i on, t wo phenomena whi ch ar e at t he cent r e of t oday' s economi c
debat e . I n t he Sout h, cont r ar y t o t he Nor t h, pr oper t y r i ght s i n t he ext r act i on
sect or ar e not wel l def i ned. The Sout h expor t s t he r esour ce i nt ensi ve good.

Mi gr at i on occur s due t o wage di f f er ent i al s . Under our condi t i ons mi gr at i on
l eads t o bet t er t er ns of t r ade f or t he Sout h, t he pr i ce of t he r esour ce goes up
and l ess r esour ce i s ext r act ed i n t he Sout h: t he wel f ar e i n t he Sout h i ncr eases .

Under our hypot heses mi

t he ext r act i on of t he nat u
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namel y

D

G
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OA/ OB
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denomi nat or i s posi t i ve as i n

s a l ower l evel of t he r esour ce

t he out put of t he r esour ce and
or vi a Pr oposi t i on 1 .

	

O

oul d be mi sl eadi ng si nce af t er

r at her t han i ncr eases and t hi s

) ol i cy wer e enact ed when r eal

f f ect of t hi s pol i cy woul d be
i s i t wi dens t he wage gap and

: duce t he expl oi t at i on of t he
woul d be t o def i ne pr oper t y

t he r esour ce i s l ess sensi t i ve

t i on of t he r esour ce i s kept i n

i n r ef er ence t o r esul t s der i ved
1993) pr oved t hat an expor t

8 Ther ef or e, a move t owar ds
and t he pr i ce of t he r esour ce
i d expor t ed i n t he Sout h .
t ax on t he pr oduct i on of t he

de and t her ef or e, as a r esul t ,

wage di f f er ent i al i s r educed
>n t o r educe.

at i on of t he envi r onment and
i e cent r e of t oday' s economi c
, per t y r i ght s i n t he ext r act i on
he r esour ce i nt ensi ve good.
nder our condi t i ons mi gr at i on
pr i ce of t he r esour ce goes up
,el f ar e i n t he Sout h i ncr eases.

Under our hypot heses mi gr at i on f r omt he Sout h t o t he Nor t h hel ps r educi ng

t he ext r act i on of t he nat ur al r esour ces .

We al so anal yze t he ef f ect of a uni t t ax on t he r esour ce i n t he Sout h wi t h

t he r evenue spent by t he gover nment i n buyi ng t he l ess r esour ce i nt ensi ve

good . Thi s r educes t he t er ms of t r ade and t her ef or e i ncr eases t he ext r act i on

of t he r esour ce . Our concl usi on i s t hat par t i al equi l i br i um anal ysi s of t axes

can be mi sl eadi ng i n t hat t he over al l ef f ect s of t he i mposi t i on of a t ax ar e

opposi t e f r omwhat i s i nt ended.

Fi nal l y, we not i ce t hat a l ess l i ber al t r ade pol i cy has posi t i ve ef f ect s on t he

l evel of act ual expl oi t at i on of t he r esour ce .

8 . Appendi x

To showt hat as t he pr i ce of t he r esour ce f al l s r el at i ve t o PA t he t ypi cal wor ker

wi l l suppl y mor e ef f or t as we cl ai med at t he end of Sect i on 2, we f i r st exami ne

t he i mpl i cat i on of such a change i n t he case of a ut i l i t y f unct i on wi t h a uni t ar y

el ast i ci t y of subst i t ut i on . Ther e ar e t wo goods, A and l ei sur e, No - N. The

def i ni t i on of uni t ar y el ast i ci t y of subst i t ut i on i s :

namel y

9( A/ No - N) PAl q

a( PA1q)

	

Al ( No - N) - 1 .

( OA- OC) I OB

	

( OD - OG) I OF

OAI OB ODI OF '
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I n wor ds t he r at i o bet ween t he pr opor t i onat e r at e of change of t he demand

r at i o and t he pr opor t i onat e r at e of change of t he mar gi nal r at e of subst i t ut i on

( whi ch i n an i deal si t uat i on coi nci des wi t h t he pr i ce r at i o) i s equal t o one.

AD

Di agr am5

- N

I n t he di agr amwe post ul at e an i ncr ease i n PA, i . e. a move f r om Dt o G:

we know ( usi ng Thal es' s t heor em) t hat i n t hi s case :
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However , t he l ef t - hand si de of ( 28) i s t he pr opor t i onat e r at e of change of

t he demand r at i o and t he r i ght - hand si de i s t he pr opor t i onat e r at e of change

of t he pr i ce r at i o, when t he el ast i ci t y of subst i t ut i on i s equal t o one. I n t hi s

si t uat i on t he wor ker wi l l consume t he same amount of l ei sur e and a smal l er

amount of t he Agood but i n such a way t hat t he pr opor t i on i n val ue t er ms of

t he goods i s unal t er ed af t er t he i ncr ease i n t he pr i ce of A.

I f , on t he cont r ar y, t he el ast i ci t y i s l ess t han 1 t hen f or t he l ef t - hand si de t o

be l ess t han t he r i ght - hand si de, i t i s necessar y t hat t he amount of A chosen,

say OZ, i s gr eat er t han t he amount chosen i n t he case of uni t ar y el ast i ci t y,

i . e . OC. Thi s means t hat at t he newt angency poi nt t he amount of l ei sur e wi l l

be t o t he l ef t of OB, say OV: t hi s ent ai l s a hi gher l evel of Aconsumed and a

smal l er l evel of l ei sur e t han i n t he case of uni t ar y el ast i ci t y . Ther ef or e, mor e

r esour ces ar e ext r aced .

Not es

1 .

	

Her e we deal wi t h t he i nt er dependence bet weenmi gr at i on andenvi r onment al degr adat i on,

wher eas i n ( Chi chi l ni sky, 1994) t he f ocus was on howdi f f er ences sol el y i n t he pr oper t y

r i ght s r egi me i n t he ext r act i on of t he r esour ce coul d l ead t o an over expl oi t at i on of t he

r esour ce i n t he Sout h .

2 .

	

Capi t al i s not expl i ci t l y i ncl uded among t he f act or s of pr oduct on . However , one can
consi der t hat l abour i s ski l l ed and embodi es acer t ai n degr ee of t r ai ni ng and use of capi t al .
Such t r ai ni ng coul d have been acqui r ed by wor ki ng wi t h machi nes .

3 .

	

The r eader i s r ef er r ed t o ( Chi chi l ni sky, 1994, appendi x A) f or a det ai l ed pr oof .

4 .

	

The l at t er equal s t he aver age pr oduct when t he number of wor ker s i s ver y l ar ge, as i t i s

sensi bl e t o assume i n t he Sout h . I n t hi s case i t i s i mmedi at e t o not i ce t hat f or a st r i ct l y

concave pr oduct i on f act i on t he aver age pr oduct i s gr eat er t han t he mar gi nal . For a mor e
gener al ar gument , see ( Chi chi l ni sky, 1994, appendi x A) .

5.

	

See ( Chi chi l ni sky, 1994, sect i on 3) .

6.

	

Aver y l ow val ue f or , 3 does not af f ect r esul t s .
7.

	

Fol l owi ng ( Chi chi l ni sky, 1994, appendi x B) .
8 .

	

They i mpl y a gi ven st r uct ur e of t he i ndi f f er ence cur ves as shown i n ( Chi chi l ni sky, 1986,
appendi x f ) .

9 .

	

The assumpt i on about demand i s not i n cont r ast wi t h t he hypot hesi s ( as expr essed at t he
end of t hi s sect i on) about t he behavi our of t he subsi st ence wor ker s i n t he Sout h, as t he
l at t er ar e not par t of t he r est of t he mar ket economy.

10 . The l ast t wo f or t he Nor t h ar e XB and XA.
11 . I n t he case of a devel opi ng count r y t he assumpt i on can be j ust i f i ed on t he f ol l owi ng

gr ounds . Suppose on t he cont r ar y, and t ake an ext r eme case, t hat t he good Aand l ei sur e
wer e per f ect subst i t ut es. The wor ker woul d be i ndi f f er ent bet ween consumi ng no A and
enj oyi ng l ei sur e onl y : i n a si t uat i on wher e t he t ypi cal wor ker has onl y l abour t o sel l t hi s
i mpl i cat i on i s t ot al l y unr eal i st i c. On t he ot her hand, t o suppose t hat Aand l ei sur e wer e
per f ect compl ement s woul d go t oo f ar , as i t i mpl i es t hat , no mat t er what pr i ces ar e, t he
t ypi cal wor ker wi l l consume a gi ven; pr opor t i on bet ween Aand l ei sur e ( i n physi cal t er ms) .
The case we ar e consi der i ng t akes i nt o account t he f act t hat as t he pr i ce of t he r esour ce t he
t ypi cal wor ker sel l s go down, ( s) he has t o wor k mor e and not l ess t o secur e a mi ni mum
l evel of subsi st ence whose pr i ce has gone up ( i n r el at i ve t er ms) .

12 . We have anal yzed t he ef f ect s of l abour and capi t al mi gr at i on and i t s r el at i on wi t h H- 0
model i n ( Chi chi l ni sky and Di Mat t eo, 1992) .

13 . Pr obabl y mi gr at i on f l ows r e

wages . We mai nt ai n however

woul d gr eat l y compl i cat e t he

14 . See, e. g. t he r ecent anal ysi s b

15 . The r eason why mi gr at i on occ

cost l y and t he deci si on r equi r

16 . As we ar gued ( Chi chi l ni sky z

empi r i cal i nf or mat i on t o kno%

r eal wage i s negat i ve : i n t hi s c

17 . Thi s out come i s i n accor d wi t

i n a model wi t h l abour and cal

i s possi bl e t hat as one f act or r

ot her wor ds, we i dent i f i ed an

equi l i br i um t er ms of t r ade bel

ownpr i ce di f f er ent i al but i ncr

18 . I t has t o be st r essed t hat i n ( T

r eact i on of t he ot her count r y a

f or di f f er ent i nst r ument s of an
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y t hat t he amount of A chosen,
i t he case of uni t ar y el ast i ci t y,
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at i on and envi r onment al degr adat i on,

ow di f f er ences sol el y i n t he pr oper t y

I d l ead t o an over expl oi t at i on of t he

r s of pr oduct on . However , one can
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ms as shown i n ( Chi chi l ni sky, 1986,

1 t he hypot hesi s ( as expr essed at t he
i st ence wor ker s i n t he Sout h, as t he

i can be j ust i f i ed on t he f ol l owi ng

ne case, t hat t he good Aand l ei sur e
er ent bet ween consumi ng no Aand
1 wor ker has onl y l abour t o sel l t hi s
t o suppose t hat Aand l ei sur e wer e
t hat , no mat t er what pr i ces ar e, t he
en Aand l ei sur e ( i n physi cal t er ms) .

t t hat as t he pr i ce of t he r esour ce t he
and not l ess t o secur e a mi ni mum

f i ve t er ms) .

i i gr at i on and i t s r el at i on wi t h H- 0

13 . Pr obabl y mi gr at i on f l ows r espond t o di f f er ences i n r eal i ncome per capi t a r at her r eal

wages . We mai nt ai n however t he cl assi cal assumpt i on used i n t r ade t heor y as t he ot her

woul d gr eat l y compl i cat e t he anal ysi s .

14 . See, e . g . t he r ecent anal ysi s by Bar ba Navar et t i ( 1994) .

15 . Ther eason why mi gr at i on occur s at di scr et e i nt er val s of t i me i s t hat t o mi gr at e i s gener al l y

cost l y and t he deci si on r equi r es some t i me.

16 . As we ar gued ( Chi chi l ni sky and Di Mat t eo, 1992) , i n gener al we do not possess enough

empi r i cal i nf or mat i on t o knowwhet her when t he t er ms of t r ade equal PB t he equal i zed

r eal wage i s negat i ve: i n t hi s case a r eal wages gap coul d per si st even af t er mi gr at i on.

17. Thi s out come i s i n accor d wi t h a r ecent r esul t ( Chi chi l ni sky and Di Mat t eo, 1992) wher e

i n a model wi t h l abour and capi t al we showed t hat f or some val ues of t he t er ms of t r ade i t

i s possi bl e t hat as one f act or moves t he r ewar d di f f er ent i al f or t he ot her f act or wi dens . I n

ot her wor ds, we i dent i f i ed an i nt er val f or t he t er ms of t r ade wi t h t he pr oper t y t hat when

equi l i br i um t er ms of t r ade bel ong t o t hat i nt er val t he movement of one f act or r educes i t s

own pr i ce di f f er ent i al but i ncr eases t he pr i ce di f f er ent i al of t he ot her f act or .

18 . I t has t o be st r essed t hat i n ( Di Mat t eo, 1993) Ler ner ' s t heor emdoes not hol d. Al so t he

r eact i on of t he ot her count r y af t er t he i nt r oduct i on of t he t ar i f f i s not consi der ed as i t cal l s

f or di f f er ent i nst r ument s of anal ysi s .
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