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CHAPTER I

A gener al equi l i br i um t heor y of

Nor t h- Sout h t r ade

Gr aci el a Chi chi l ni sky

Thi s chapt er pr esent s an appl i cat i on of compet i t i ve gener al equi l i br i um
t heor y of mar ket s i n t he spi r i t of Wal r as, f or mal i zed i n t he 1950s by K .
Ar r ow and by G. Debr eu . I n usi ng gener al equi l i br i umt heor y t o gener at e

i nsi ght s i nt o cur r ent pol i cy i ssues, i t f ol l ows a t r adi t i on est abl i shed by
Ar r ow i n hi s wor k on wel f ar e economi cs of medi cal car e ( 1963) , on t he

or gani zat i on of economi c act i vi t y ( 1969) , on t he eval uat i on of publ i c i n-

vest ment ( Ar r ow and Li nd, 1970) , and i n ur ban economi c devel opment
( 1970) .

The i nt ent i on i s t o use f or mal i zed gener al equi l i br i um t heor y t o de-
r i ve gener al st at ement s about t he economi c behavi or and i nt er r el at i ons

bet ween t wo gr oups of count r i es : i ndust r i al and devel opi ng count r i es .
The f i r st gr oup i s r epr esent ed by a cl ust er of compet i t i ve mar ket econo-

mi es cal l ed t he Nor t h, and t he second by a si mi l ar cl ust er of compet i t i ve

economi es cal l ed t he Sout h: t hus t he name Nor t h- Sout h t r ade . The goal
i s t o obt ai n si mpl e and gener al r esul t s, and f or t hi s pur pose we consi der a

st yl i zed model wi t h t he mi ni mum of char act er i st i cs needed f or t he t ask :

t wo r egi ons, t wo pr oduced goods, and t wo f act or s of pr oduct i on . Wi t hi n
t hi s si mpl e model , we expl or e i ssues of cur r ent i mpor t , such as expor t - l ed

pol i ci es and t he t r ansmi ssi on of economi c act i vi t y bet ween r egi ons . The
under l yi ng t heme i s t hat gener al equi l i br i um anal ysi s i s i ndeed usef ul f or
di scl osi ng pat t er ns of economi c behavi or and f or suggest i ng pol i ci es, a

poi nt of vi ew t hat gui ded cl assi cal i nt er nat i onal economi cs .

Resear ch suppor t was pr ovi ded by t he I nst i t ut e f or Mat hemat i cs and i t s Appl i cat i ons, Uni -
ver si t y of Mi nnesot a, and NSF Gr ant SES- 84- 09857 . Comment s f r om M. Aoki , R. Au-
mann, K. Ar r ow, J . Benhabi b, P. Dasgupt a, A. Fi shl ow, F. Hahn, G. Heal , R. Jones, M.
Kur z, D. McLeod, A. Mas- Col el l , R. Ri ezman, L. Tayl or , A. Sen, J . St i gl i t z, E. Sheshi n-
ski , and N. Wal l ace ar e acknowl edged . The comput er pr ogr ams and si mul at i ons wer e pr o-
duced by Eduar do Jose Chi chi l ni sky, Pr i ncet on Uni ver si t y . Thi s essay was pr esent ed at t he
I . M. S. S . S . at St anf or d Uni ver si t y, Jul y 1984 .
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1

	

Pol i cy i ssues and mai n r esul t s

The cl assi cal t r ade model s devel oped by Heckscher , Ohl i n, Ler ner , and

Samuel son wer e concer ned wi t h gai ns f r om t r ade bet ween count r i es hav-

i ng si mi l ar pr ef er ences and t echnol ogi es, but wi t h di f f er ent endowment s

of f act or s of pr oduct i on . These model s expl ai ned why t r ade t akes pl ace

bet ween si mi l ar count r i es . I n t he ear l i est par t of t hi s cent ur y, t r ade among

si mi l ar count r i es, i ndeed i ndust r i al count r i es, was t he most i mpor t ant

segment of i nt er nat i onal t r ade . However , Nor t h- Sout h t r ade, whi ch now

account s f or 40 per cent by val ue of OECD t r ade, t akes pl ace bet ween

count r i es of ver y di f f er ent char act er i st i cs . They di f f er not onl y i n f act or

endowment s but al so i n pr ef er ences and t echnol ogi es . To under st and t hi s

i mpor t ant and gr owi ng component of wor l d t r ade, we need a f r amewor k

t hat can i ncor por at e expl i ci t l y t he di ver si t y of t echnol ogi es and demand

pat t er ns as wel l as t he mor e t r adi t i onal di f f er ences i n f act or endowment s

and t hat can r el at e t hi s di ver si t y t o t he wel f ar e ef f ect s of t r ade .

Thi s chapt er devel ops a r i gor ous gener al equi l i br i um anal ysi s of t r ade

bet ween t wo compet i t i ve mar ket economi es wi t h si gni f i cant di f f er ences

bot h i n t echnol ogi es and i n endowment s . Wi t hi n t hi s f r amewor k, we use

gener al equi l i br i um compar at i ve st at i st i cs anal ysi s t o st udy t he wel f ar e

ef f ect s of changes i n t he vol ume of t r ade acr oss f r ee t r ade equi l i br i a . We

st udy changes i n t he mar ket equi l i br i um i n r esponse t o changes i n par a-

met er s t hat ar e exogenous t o t he model . We al so exami ne t he compar a-

t i ve st at i cs ef f ect s t hat an expansi on i n t he Nor t h has on t he Sout h. These

ar e t wo cur r ent t opi cs : Expor t pol i ci es of t he devel opi ng count r i es ar e at

t he f or ef r ont of di scussi ons on t he i nt er nat i onal debt , and t he i ssue of

whet her or not an economi c expansi on i n t he i ndust r i al count r i es i s t r ans-

mi t t ed t o t he devel opi ng count r i es under l i es many pol i cy pr escr i pt i ons .

Many oi l - expor t i ng count r i es and expor t er s of ot her r awmat er i al s show

di sappoi nt i ng r ecor ds af t er a decade of concent r at i on on pr oduct i on f or

expor t s .

The ai mof t hi s essay i s t o expl ai n why, i n t he wor ds of Ar t hur Lewi s,

t he i nt er nat i onal mar ket wor ks at t i mes t o concent r at e r at her t han t o di f -

f use t he gai ns f r om t r ade ( Lewi s 1983) . I hope t o expl or e i n some det ai l

howt he i nt er nat i onal mar ket t r ansmi t s economi c act i vi t y f r om one r egi on

t o t he ot her . The expl anat i ons t hat I ' seek ar e i n t er ms of t he pr i mi t i ve

st r uct ur al char act er i st i cs of t he domest i c economi es of t he t r adi ng r egi ons,

such as t echnol ogi es f act or suppl i es and demand st r uct ur es, and not i n

t er ms of t he der i ved par amet er s of i nt er nat i onal mar ket s, such as el ast i ci -

t i es of i nt er nat i onal demand at a mar ket equi l i br i um.
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For many devel opi ng count r i es, t he degr ee of i nvol vement i n t he i nt er -

nat i onal economy i s a maj or pol i cy deci si on, wi t h expor t - or i ent ed domes-

t i c pr oduct i on havi ng been st r ongl y r ecommended by i nt er nat i onal agen-

ci es f or many year s . However , as Samuel son has not ed, even under t he

assumpt i ons of cl assi cal t r ade t heor y we cannot , i n gener al , cl ai m t hat

a count r y wi l l benef i t f r om or i ent i ng i t s pr oduct i on t owar d i nt er nat i onal

t r ade . ' The pol i cy i ssue f aci ng most count r i es i s not one of choosi ng be-

t ween f r ee t r ade and aut ar ky . I t i s one of choosi ng bet ween pol i ci es t hat

woul d r esul t i n mor e or l ess emphasi s on an i nt er nat i onal sect or of t he

economy . The cl assi cal t heor ems on t he wel f ar e ef f ect s of t r ade pr ovi de

l i t t l e i nf or mat i on about such choi ces . Thi s i s t he i ssue we st udy her e .

I ni t i al r esul t s on t hese pr obl ems wer e obt ai ned i n Chi chi l ni sky ( 1981) ,

who deal t wi t h t r ade bet ween an i ndust r i al count r y and a l abor - abundant

devel opi ng count r y and showed how t he st r uct ur al di f f er ences bet ween

t he count r i es ( and al so bet ween sect or s wi t hi n a count r y) pl ay an i mpor -

t ant r ol e i n det er mi ni ng t he wel f ar e i mpact of changes i n t he vol ume of

t r ade and i n t he t r ansmi ssi on of economi c act i vi t y t hr ough i nt er nat i onal

mar ket s .

Af eat ur e of t he 1981 r esul t s t hat seemed count er i nt ui t i ve and at t r act ed

at t ent i on i s t hat an i ncr ease i n t he expor t s of a l abor - i nt ensi ve pr oduct

coul d l ower r eal wages and t er ms of t r ade i n t he l abor - abundant Sout h .

Labor abundance was descr i bed by t he r esponsi veness of l abor suppl y t o

r eal wages, and i t was pr oved t hat even i n cases wher e t he l abor suppl y i s

abundant , an expansi on of l abor - i nt ensi ve expor t s coul d have t hese neg-

at i ve ef f ect s . Of cour se, t hese same ef f ect s occur when l abor i s not abun-

dant , and i n t hi s chapt er we gi ve necessar y and suf f i ci ent condi t i ons f or

such r esul t s . We consi der her e cases wher e t he Sout h' s demand f or basi cs

der i ves bot h f r om capi t al and f r om wage i ncome .

Anot her f eat ur e of t he r esul t s t hat at t r act ed at t ent i on was t hat an ex-

pansi on i n t he Nor t h par amet er i zed by an i ncr ease i n i t s demand f or i n-

dust r i al goods coul d l ead t o an expansi on i n t he Sout h' s expor t s and si mul -

t aneousl y coul d l ower t er ms of t r ade and r eal wages i n t he Sout h . Thi s

r esul t l ed t o sever al comment s t hat cent er ed on t he quest i on : How i s i t

possi bl e t hat i n a st abl e mar ket economy such as t hat of t he Nor t h- Sout h

model , one can have si mul t aneousl y an i ncr ease i n t he vol ume of expor t s

f r om t he Sout h demanded by t he Nor t h and a dr op i n t hei r mar ket pr i ces?

Thi s chapt er deal s wi t h t hi s quest i on . I t shows howunder condi t i ons si m-

i l ar t o t hose di scussed above, a move t owar d an equi l i br i um wi t h a hi gher

i ndust r i al demand i n t he Nor t h l eads i ndeed t o a hi gher vol ume of ex-

por t s of l abor - i nt ensi ve goods f r omt he Sout h but t o l ower t er ms of t r ade
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and l ower r eal wages i n t he Sout h, wi t hi n a st abl e mar ket economy . The

r esul t s ar e t r aced t o si mul t aneous suppl y and demand r esponses, whi ch

ar e not r eadi l y per cei ved wi t hi n a par t i al equi l i br i um f r amewor k but ap-

pear qui t e nat ur al l y i n gener al equi l i br i um model s . Fur t her r esul t s ar e

obt ai ned her e showi ng t hat i n such cases t he Nor t h may act ual l y consume

mor e of bot h goods and t he Sout h l ess, f ol l owi ng t he i ndust r i al expan-

si on i n t he Nor t h and t he i ncr ease i n expor t s f r om t he Sout h .

Of cour se, pr eci sel y t he opposi t e ef f ect s can al so happen . Thi s essay

al so exami nes suf f i ci ent condi t i ons f or posi t i ve out comes of an expor t ex-

pansi on : As expor t s i ncr ease, t er ms of t r ade and r eal wages i mpr ove . I t

al so exami nes condi t i ons f or a posi t i ve t r ansmi ssi on of an expansi on i n

t he Nor t h t o t he Sout h : As t he Nor t h i ncr eases i t s i ndust r i al demand, i t s

i mpor t s i ncr ease, l eadi ng t o bet t er t er ms of t r ade and r eal wages i n t he

Sout h . The pur pose of our gener al equi l i br i um anal ysi s i s t o pr ovi de a

r i gor ous f r amewor k t o anal yze whi ch case i s l i kel y t o occur and under

whi ch speci f i cat i ons of t he economi es . We al so di scuss some empi r i cal as-

pect s on t he basi s of r ecent economet r i c i mpl ement at i ons of t he model

f or t he case of t r ade bet ween Sr i Lanka and t he Uni t ed Ki ngdom i n Chi -

chi l ni sky, Heal , and Podi vi nsky ( 1983) and f or t he case of Ar gent i na and

t he Uni t ed St at es i n Chi chi l ni sky and McLeod ( 1984) .

2

	

The Nor t h- Sout h model and i t s sol ut i ons

Thi s sect i on summar i zes t he gener al equi l i br i um model i n Chi chi l ni sky

( 1981, 1984a, b) . A ver si on of t hi s model i s a speci al case of an Ar r ow-

Debr eu gener al equi l i br i um model : Thi s i s shown i n Sect i on f of t he ap-

pendi x .

Ther e ar e t wo r egi ons, Nor t h and Sout h . The Nor t h r epr esent s t he i n-

dust r i al count r i es, t he Sout h t he devel opi ng count r i es . Each r egi on pr o-

duces and consumes t wo goods : basi cs ( B) and i ndust r i al goods ( I ) . Ther e

ar e t wo i nput s t o pr oduct i on : capi t al ( K) and l abor ( L) . The t wo r egi ons

t r ade wi t h each ot her .

Consi der f i r st t he economy of t he Sout h . I t pr oduces basi cs and i ndus-

t r i al goods usi ng l abor and capi t al , as descr i bed by t he Leont i ef pr oduc-

t i on f unct i ons

Bs =mi n( L B/ a, , KB/ c, ) ,

I s = mi n ( L 11a2, K' / c2) ,

wher e t he super scr i pt s Band 1 denot e t he sect or i n whi ch i nput s ar e used,

and t he super scr i pt S denot es suppl y . Basi cs ar e l abor - i nt ensi ve and i n-
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Fi gur e 1 . The over al l pr oduct i on possi bi l i t y f r ont i er acr oss equi l i br i a

when D?1- 0. For each set of pr i ces, t he pr oduct i on possi bi l i t y f r ont i er i s

pi ecewi se l i near ; as pr i ces change, endowment s of f act or s var y and a new

pi ecewi se l i near pr oduct i on set ar i ses . The over al l f r ont i er i s smoot h .

dust r i al goods capi t al - i nt ensi ve, t hat i s, D= ai c 2 - a2c, > 0. These pr o-

duct i on f unct i ons wer e chosen f or t he sake of anal yt i c t r act abi l i t y . Mor e

gener al pr oduct i on f unct i ons can be ut i l i zed wi t h no si gni f i cant changes

i n t he r esul t s ( see, e . g . , Benhabi b and Chi chi l ni sky 1984) . I n any case,

acr oss equi l i br i a, t hi s economy exhi bi t s subst i t ut i on bet ween t he t ot al

amount of l abor and capi t al empl oyed ; t hi s i s di scussed bel ow.

We can now wr i t e t he equat i ons t hat speci f y equi l i br i umof t he model .

Compet i t i ve behavi or on t he par t of t he f i r ms ensur es zer o pr of i t s, so t hat

pB=a l w+c i r ,

	

( 2 . 1)

PI = a2 w+ C2r ,

	

( 2 . 2)

wher e pB and pI ar e t he pr i ces of Band I ; wand r ar e t he wages and t he

r at e of r et ur n on capi t al . z

Labor and capi t al suppl i ed ar e i ncr easi ng f unct i ons of t hei r r ewar ds :

L S = a( WI PB) +L ( a>0) ,

	

( 2 . 3)

KS = Or +R

	

( ( 3 > 0) .

	

( 2 . 4)

Si nce f act or suppl i es var y wi t h f act or pr i ces by equat i ons ( 2 . 3) and ( 2 . 4) ,

t he model exhi bi t s subst i t ut i on i n t he t ot al use of capi t al and l abor acr oss

equi l i br i a when D=al c 2 - a2c, #0. Fi gur e 1 i l l ust r at es t he pr oduct i on pos-

si bi l i t y f r ont i er : Acr oss equi l i br i a, commodi t y pr i ces change and f act or

pr i ces change so t hat f act or endowment s change t oo, by ( 2 . 3) and ( 2 . 4) .
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The di agr am exhi bi t s a pi ecewi se l i near pr oduct i on possi bi l i t y f r ont i er

f or each pr i ce vect or of pr i ces and i ndi cat es t he over al l f r ont i er as t he en-

vel ope of t he pi ecewi se l i near f r ont i er acr oss di f f er ent pr i ces . The mar ket

cl ear i ng condi t i ons ( super scr i pt S denot es suppl y and Ddenot es demand)

ar e

t hat i s, t he val ue of expor t s equal s t he val ue of i mpor t s . '

The Nor t h i s speci f i ed by a set of equat i ons si mi l ar t o ( 2 . 1) - ( 2 . 11) , wi t h

possi bl y di f f er ent t echnol ogy and f act or suppl y par amet er s . I n a wor l d

equi l i br i um, t he pr i ces of t r aded goods ar e equal acr oss r egi ons ( f act or s

K and L ar e not t r aded) and expor t s mat ch i mpor t s :

wher e ( S) and ( N) denot e Sout h and Nor t h, r espect i vel y .

I n each r egi on, t her e ar e ei ght exogenous par amet er s : a, , a2, c, , c2, a, L,

a, and K, maki ng a t ot al of si xt een exogenous par amet er s f or t he Nor t h-

Sout h model . When we add t he pr i ce- nor mal i zi ng condi t i on, '

p, =1,

	

( 2 . 16)

we have a t ot al of t went y- si x i ndependent equat i ons: ( 2 . 1) - ( 2 . 11) f or

Nor t h ; ( 2 . 1) - ( 2 . 11) f or Sout h, ( 2 . 12) - ( 2 . 14) , and ( 2 . 16) . 5 Ther e ar e i n

t ot al t went y- ei ght endogenous var i abl es, f our t een f or each r egi on : PB,

p, , w, r , L s , L ° , Ks , K° , Bs , B° , XB, I s , I ° , and X, ° . Ther ef or e, t he

L
s
=L D, ( 2 . 5)

Ks =Ko
, ( 2 . 6)

L° =LB+L' =Bsa, +I sa2, ( 2 . 7)

K° =KB +K' =Bs c, +I SC2 , ( 2 . 8)

BS=B° +XB, ( 2 . 9)

wher e XB denot es expor t s of B,

I ° =X
D

+I S, ( 2 . 10)

wher e X, ° denot es i mpor t s of I , and

PBXB=pI X
D

, ( 2 . 11)

pi ( S) =pr ( N) , ( 2 . 12)

pB( S) = pB( N) , ( 2 . 13)

XB( S) =Xa( N) , ( 2 . 14)

X; ( N) =X, ° ( S) , ( 2 . 15)
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syst em i s undet er mi ned so f ar up t o t wo var i abl es . 6 Thus, we nowspeci f y

t wo mor e var i abl es exogenousl y, i ndust r i al demand i n t he Sout h, I D( S) ,

and i n t he Nor t h, I D
( N) , addi ng t wo mor e equat i ons :

I D( N) =I D( N) ,

	

( 2 . 17)

I D( S) =I D( S) .

	

( 2 . 18)

Obvi ousl y, we coul d have sol ved t he model by speci f yi ng exogenousl y

ot her var i abl es or el se by post ul at i ng demand equat i ons ; t hi s wi l l be done i n

t he f ol l owi ng sect i ons . The demand speci f i cat i ons of t he model ar e chosen

t o meet t wo cr i t er i a : anal yt i cal t r act abi l i t y and empi r i cal pl ausi bi l i t y .

The Nor t h- Sout h model i s, t her ef or e, a syst em of t went y- ei ght equa-

t i ons i n t went y- ei ght var i abl es, dependi ng on ei ght een exogenous par a-

met er s : a l , a2, c, , c2, a, L, O, K, and I f or each r egi on .

The economi es of t he Nor t h and of t he Sout h ar e i dent i cal except pos-

si bl y f or t he val ues of t hei r exogenous par amet er s . Di f f er ences i n t he st r uc-

t ur al char act er i st i cs of t he t wo r egi ons ar e descr i bed by di f f er ences i n t hei r

exogenous par amet er s . For i nst ance, i n t he Nor t h t he t wo sect or s ( B and

I ) use appr oxi mat el y t he same t echnol ogy, t hat i s, t he economy i s t ech-

nol ogi cal l y homogeneous . Thi s means t hat ai / c, - a2/ c2 so t hat t he de-

t er mi nant D( N) of t he mat r i x of t echni cal coef f i ci ent s

i s cl ose t o zer o i n t he Nor t h . I n t he Sout h, i nst ead, t echnol ogi es ar e dual -

i st i c : The t wo sect or s use f act or s ver y di f f er ent l y, and D( S) i s t her ef or e

l ar ge . I n bot h r egi ons, D( N) and D( S) ar e posi t i ve, whi ch i ndi cat es t hat

t he B sect or uses l abor mor e i nt ensi vel y t han t he I sect or . Anot her di f f er -

ence ar i ses i n f act or mar ket s . I n t he Nor t h, l abor i s r el at i vel y mor e scar ce,

t hat i s, l ess r esponsi ve t o i ncr eases i n t he r eal wage w/ PB . Thi s means a ( N)

i s smal l . I n t he Sout h t he opposi t e i s t r ue, x( S) i s l ar ge . The r eci pr ocal

r el at i ons hol d i n capi t al mar ket s : O( N) i s l ar ge and O( S) i s smal l . These

par amet er speci f i cat i ons can be pr esent ed so as t o be i ndependent of t he

uni t s of measur ement s .

I t i s wor t h not i ng t hat wher eas most equat i ons ar e l i near i n t he var i -

abl es, some ar e not [ e . g . , ( 2 . 3) i s nonl i near ] . The sol ut i ons al so di spl ay

nonl i near i t i es, as we shal l see i n t he f ol l owi ng .

Pr oposi t i on 1 . The Nor t h- Sout h model has at most one equi l i br i um. '

Thi s equi l i br i um can be comput ed expl i ci t l y by sol vi ng one equat i on t hat

depends on al l exogenous par amet er s of t he model .



Usi ng ( 2 . 3) , ( 2 . 4) , ( 2 . 20) , and ( 2 . 21) , we can r ewr i t e equat i on ( 2 . 19) as

a f unct i on of one var i abl e onl y, ps ( whi ch i s t he t er ms of t r ade of t he

Sout h, si nce p, =1) and obt ai n

PB( A+A( N) ) +PB[ C+C( N) +I ° ( S) +I ° ( N) ] - ( V+V( N) ) =0,

	

( 2 . 22)

wher e

and

A=
Rai az

	

V=
acI

D2 '

	

D2
'

C

	

OL_a~K+_

	

ac1czD~3a, az

D

	

~,

and wher e expr essi ons A, V, and C cont ai n par amet er val ues f or t he

Sout h, and A( N) , V( N) , and C( N) f or t he Nor t h . Sol vi ng equat i on

( 2 . 22) yi el ds an equi l i br i um l evel of t er ms of t r ade pa as a f unct i on of

al l ei ght een exogenous par amet er s of t he syst em.

I t i s easy t o check t hat equat i on ( 2 . 22) has at most one posi t i ve r oot pB

because t he const ant t er m i s negat i ve and t he quadr at i c t er mi s posi t i ve .

Fr om t hi s and ( 2 . 21) , one obt ai ns t he equi l i br i um val ues of w* and r * f or

each r egi on ; f r om( 2 . 3) and ( 2 . 4) , L* and K* f or each r egi on ; f r om( 2 . 20) ,

( Bs ) * and ( I s ) * f or each r egi on . Fr om ( 2 . 9) , ( 2 . 10) , and ( 2 . 11) we t hen

obt ai n ( B° ) * , ( XB) * , and ( XD) * f or each r egi on . Al l endogenous var i -

abl es have been comput ed, and t he sol ut i on i s compl et e .

I n t he f ol l owi ng, we shal l consi der di f f er ent speci f i cat i ons of demand .

Equat i on ( 2 . 18) i n t he Sout h i s subst i t ut ed by one of t hr ee di f f er ent speci -

f i cat i ons of equi l i br i um l evel s of demand :
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Pr oof . Fr om

X° ( S) =XI ( N) ,

we have

I D( S) - I S( S) =I S( N) - I ° ( N) . ( 2 . 19)

I nver t i ng ( 2 . 7) and ( 2 . 8) , we obt ai n

Bs=
c2L - a2K I s= a, K- c, L

'
( 2 . 20)

D

and i nver t i ng ( 2 . 1) and ( 2 . 2) ,

PBC2 - c1 a, - PBa2
w

_
r

__
( 2 . 21)

D D



f or y, X < 1 and at l east one posi t i ve .

A di f f er ent speci f i cat i on of t he Nor t h' s demand wi l l al so be consi der ed .

Equat i on ( 2 . 17) i s subst i t ut ed by

B° ( N) =B° ,

	

( 2 . 17a)

t hat i s, an exogenous speci f i cat i on of t he Nor t h' s demand f or basi cs at

t he equi l i br i um.

I n t he f ol l owi ng sect i on, we show t hat al l t hese di f f er ent speci f i cat i ons

of demand l ead t o si mi l ar r esul t s . The speci f i cat i on wi t h equat i on ( 2 . 18a)

i s usef ul t o par amet er i ze t he sol ut i ons of t he model by one r eal var i abl e

denot i ng t he vol ume of expor t s Xa( S ) : As XB var i es [ and I D( N) =I D
( N)

r emai ns f i xed] , we obt ai n a one- di mensi onal pat h of equi l i br i a acr oss

whi ch we may car r y out compar at i ve st at i cs exer ci ses about t he ef f ect s of

changes i n t he vol ume of expor t s of t he Sout h on t he equi l i br i um l evel s

of endogenous var i abl es . Thi s was done i n Chi chi l ni sky ( 1981) and i s al so

done i n t he f ol l owi ng sect i on . Equat i on ( 2 . 18b) i s usef ul t o der i ve neces-

sar y and suf f i ci ent condi t i ons f or i ncr eases or decr eases i n t er ms of t r ade

as expor t s change i n cases wher e l abor i s not necessar i l y abundant . Equa-

t i on ( 2 . 18c) shows t hat t he r esul t s obt ai n even when t he demand f or ba-

si cs comes al so f r om capi t al i ncome . Equat i on ( 2 . 17a) i s used t o show

t hat an i ncr ease i n t he Nor t h' s demand f or basi cs may l ead t o i ncr eased

expor t s of basi cs f r om t he Sout h and si mul t aneousl y t o a l ower pr i ce of

basi cs . Thi s i s al so done i n t he f ol l owi ng sect i on .

The model ' s speci f i cat i on wi t h equat i ons ( 2 . 17) and ( 2 . 18) was used

i n Chi chi l ni sky ( 1981) t o st udy t he i mpact of an i ndust r i al expansi on i n

t he Nor t h ( an i ncr ease i n t he exogenous val ue of
I D

( N) ) [ Pr oposi t i on 2,

Chi chi l ni sky ( 1981) ] .

I n al l cases, an exogenous change i n I ° , or Xs, i s si mpl y a change i n a

number t hat i s exogenousl y gi ven t o t he model . Such an exogenous change

can be i nt er pr et ed i n many di f f er ent f ashi ons, t hus maki ng t he r esul t s

r at her gener al . For i nst ance, an i ncr ease i n I ° ( N) coul d be a r esul t of

a shi f t i n under l yi ng pr ef er ences i n t he Nor t h l eadi ng t o a new equi l i b-

r i uml evel of demand f or i ndust r i al goods ; see Sect i on f of t he appendi x .

We have t her ef or e i ndexed t he ut i l i t y f unct i on i n t he Nor t h by l and con-

Gener al equi l i br i um t heor y of Nor t h- Sout h t r ade 11

XBs ( S) s=XB , ( 2 . 18a)

B° ( S) = wL , ( 2 . 18b)
PB

and f i nal l y,

B° ( S) = . y
wL

+Xr K, ( 2 . 18c)
PB
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si der ed a change i n t hi s ut i l i t y i ndex . Ot her di f f er ent possi bi l i t i es ar e t hat

i ndust r i al demand I ° ( N) i s f i xed by a quot a, or t hat i t i s r andom. What -

ever t he r eason, any model i n whi ch al l equat i ons but ( 2 . 17) ar e sat i sf i ed,

and i n whi ch a change i n I ° ( N) has t aken pl ace, wi l l have t he same pr op-

er t i es pr edi ct ed i n our t heor ems . The t heor ems ar e t her ef or e r at her gen-

er al : They appl y t o a l ar ge cl ass of model s al l of whi ch shar e t he equi l i b-

r i umequat i ons ( 2 . 1) - ( 2 . 11) i n each r egi on, and ( 2 . 12) - ( 2 . 14) , ( 2 . 16) , and

( 2 . 18) . Si mi l ar l y, an exogenous change i n XBcoul d be r egar ded as a change

i n pr ef er ences i n t he Nor t h t hat l ed t o a change i n t he equi l i br i umvol ume

of expor t s of t he Sout h; or as a si mi l ar change i n t he Sout h l eadi ng t o a

change i n i t s expor t s ; or f i nal l y, as a change i n an i mpor t quot a of t he

Nor t h . I n al l t hese cases, t he compar at i ve st at i cs r esul t s of al l exogenous

change i n XB r emai n unchanged.

Not e, f i nal l y, t hat no i nf or mat i on has been gi ven so f ar about ( di sequi -

l i br i um) excess demand or suppl y f unct i ons : Out si de of t he equi l i br i um,

demands ar e not def i ned so f ar . Suppl y f unct i ons ar e not def i ned out si de

of an equi l i br i umei t her , because we have const ant r et ur ns t o scal e . Ther e-

f or e, t he above i nf or mat i on does not suf f i ce t o di scuss st abi l i t y : Thi s t ask

i s t aken up i n a subsequent sect i on .

3

	

Fur t her r esul t s on expor t - l ed st r at egi es

Thi s sect i on concent r at es on t he compar at i ve st at i cs r esul t s . The appen-

di x pr ovi des a pr ogr amf or t he model , as wel l as numer i cal si mul at i ons

t hat r epr oduce t he pr oposi t i ons .

The f i r st t wo pr oposi t i ons deal wi t h t he 1981 ver si on of t he model , whi ch

we cal l t he Nor t h- Sout h model . The model consi st s of t went y- ei ght equa-

t i ons, or equat i ons ( 2 . 1) - ( 2 . 11) i n each r egi on ; ( 2 . 12) - ( 2 . 14) ; and ( 2 . 16) ,

( 2 . 17) , and ( 2 . 18) . Ther e ar e t went y- ei ght var i abl es : I n each r egi on, t hese

ar e Pe, p, , r , w, BS, B° , I S, I ° , X; , X, ° , Ks, K° , Ls, L ° . We nowpar a-

met er i ze t he sol ut i ons of t he Nor t h- Sout h model by var yi ng t he equi l i b-

r i um l evel of i ndust r i al demand i n t he Nor t h,
I D( N) , i n equat i on ( 2 . 17) .

For each val ue of I D( N) , t her e i s ( at most ) a uni que sol ut i on t o t he mod-

el , by Pr oposi t i on 1 . Ther ef or e, as I ° ( N) var i es, we obt ai n a one- di men-

si onal set of equi l i br i a ( under r egul ar i t y condi t i ons, a one- di mensi onal

mani f ol d) cont ai ned i n t he space of al l endogenous var i abl es, R28 . Com-

par at i ve st at i cs r esul t s ar i se f r om st udyi ng t he r el at i onshi ps bet ween t wo

or mor e endogenous var i abl es al ong t hi s set of equi l i br i a . The f ol l owi ng

pr oposi t i ons st udy t he r el at i onshi p bet ween t he expor t l evel XB, t he

t er ms of t r ade pB, and t he r eal wages w/ ps of t he Sout h acr oss di f f er ent

equi l i br i a of t he Nor t h- Sout h model .
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Pr oposi t i on 2. Consi der t he Nor t h- Sout h economy, wher e t he Sout h ex-

por t s basi c goods, has abundant l abor , a l ar ge, and dual t echnol ogi es,

t hat i s, c 2/ D< 2w/ PB. Then a move t o an equi l i br i umwi t h a hi gher l evel

of expor t s of basi cs l eads t o l ower t er ms of t r ade and t o l ower r eal wages

i n t he Sout h . [ Pr oposi t i on 1 i n Chi chi l ni sky ( 1981) . ]

When l abor i s abundant and r eal wages ar e l ow, or el se t echnol ogi es

ar e homogeneous, t hat i s, c 2/ D> 2w/ PB , t hen a move t o an equi l i br i um

wi t h a hi gher l evel of expor t s Xs l eads t o bet t er t er ms of t r ade and hi gher

r eal wages i n t he Sout h . [ Pr oposi t i on 2 i n Chi chi l ni sky ( 1981) . ]

Pr oof :

S S DYS

	

- B i

by equat i on ( 2 . 20) ,

BS-
c2L- a2K

D '

and by Wal r as' l aw and equat i on ( 2 . 17) ,

Ther ef or e,

BD-
wL+r K- I D( S) .

PB

S_

	

_c 2 L- a2 K

	

wL+r K- I D( S)
XB

D PB

_ ac

	

c

	

aa l	 a,

	

c, L- a, K

	

I D S

)
2

	

- - +

	

a2 - +

	

+

	

,
DPB

( C2

	

PB

	

D (

	

PB

	

DPB

	

PB

and t he der i vat i ve of XB wi t h r espect t o PB acr oss equi l i br i a i s

dXB ac l _2c,

	

Qa ; a, K- c, L I D( S)

D2Pa CPB
- c 21 +

D2Pa +

	

Pa
( 3 . 2)

Ther ef or e, when a( S) i s l ar ge, dXB/ dPB has t he si gn of ( 2c, / PB) - c2,

whi ch equal s t hat of c2/ D- 2w/ PB by equat i on ( 2 . 21) . Fi nal l y not e t hat

by ( 2 . 21) , acr oss equi l i br i a, d( w/ PB) / dpB > 0.

An i nt ui t i ve expl anat i on of t hi s r esul t i s i n Ar r ow ( 1981) :

Ver y l oosel y t he ar gument i s t he f ol l owi ng . Suppose t he r i se i n expor t

demand f or t he B commodi t y wer e f ol l owed by an i ncr ease i n i t s pr i ce .

Si nce i t s pr oduct i on i s hi ghl y l abor i nt ensi ve, t her e woul d be a r i se i n

r eal wages and si nce l abor suppl y i s hi gher r esponsi ve t o t he r eal wage,
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a consi der abl e i ncr ease i n l abor suppl y . The r i se i n bot h r eal wage and

l abor suppl y i ncr eases even mor e r api dl y t he domest i c demand f or t he B

commodi t y, si nce i t i s al l di r ect ed t o t he B commodi t y . Hence suppl y

avai l abl e f or expor t woul d decr ease and t her ef or e woul d not mat ch t he

i ncr eased demand f or expor t s . I t f ol l ows t hat t he onl y way t he ( r i se i n)

expor t demand coul d be met , under t hese condi t i ons, woul d be a de-

cr ease i n t he pr i ce of commodi t y Band of r eal wages .

I n t hi s l i ght , i t seems usef ul t o expl ai n t he r ol e of t he assumpt i on c 2/ D<

2w/ PB. The t er m c 2/ D r epr esent s a suppl y r esponse and t he t er m 2w/ PB

a demand r esponse acr oss equi l i br i um. The i nequal i t y < i ndi cat es t hat

t he demand r esponse exceeds t he suppl y r esponse, as di scussed i n Ar r ow

( 1981) .

Remar ks: The expr essi on c2/ D- 2w/ p, i s si mpl e and has a r eady eco-

nomi c i nt er pr et at i on : I t descr i bes a r el at i onshi p bet ween r eal wages and

t echnol ogi cal par amet er s . I nt ui t i vel y speaki ng, when t echnol ogi es ar e

" dual , " Di s l ar ge and c 2/ D i s smal l ; t hus, we cal l t he condi t i on c2/ D<

2w/ PB t echnol ogi cal dual i t y . Thi s condi t i on has al so t he advant age of

bei ng r el at i vel y easy t o t est economet r i cal l y si nce r eal wages and i nput -

out put coef f i ci ent s ar e r el at i vel y accessi bl e dat a ( see Chi chi l ni sky et al .

1983) .

However , f r om a t heor et i cal vi ewpoi nt , t hi s condi t i on i s not pr esent ed

i n a st andar d f ashi on because i t mi xes par amet er s ( C/ D) wi t h endogenous

var i abl es ( 2w/ pB) . I t seems t her ef or e usef ul t o expr ess C/ D- 2w/ p, , as

a f unct i on of exogenous par amet er s onl y . We can t hen check i nt er al i a i t s

consi st ency wi t h t he ot her condi t i on i n Pr oposi t i on 2, t hat i s, a( S) l ar ge .

Fr om equat i on ( 2 . 21) , C/ D< 2w/ PB i s equi val ent t o pB> 2( c~/ c2) .

Si nce pB i s a f unct i on of exogenous par amet er s onl y, by equat i on ( 2 . 22) ,

we obt ai n t hat C2 I D< 2w/ PB i s equi val ent t o an expr essi on t hat depends

sol el y on exogenous par amet er s :

y+( y- 4( V+V( N) ) ( A+A( N) ) 1/ 2 >2 c,

	

( 3 . 3)
2( A+A( N) )

	

C

wher e A and Vwer e def i ned i n Pr oposi t i on 1, and

y=C+C( N) +I ° ( S) +I ° ( N) .

I t i s easy t o check t hat i nequal i t y ( 3 . 3) i s i ndeed a pl ausi bl e combi na-

t i on of par amet er s, when a( S) i s l ar ge . For exampl e, t he si mul at i ons i n

Sect i on a of t he appendi x have numer i cal val ues of t he exogenous par a-

met er val ues wher e bot h a( S) l ar ge and ( 3 . 3) ar e sat i sf i ed si mul t aneousl y .
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Suf f i ci ent condi t i ons can al so be gi ven f or ( 3 . 3) t o be sat i sf i ed al ong wi t h

a( S) l ar ge i n t er ms of an i nt er val of val ues of D( S) ( not e t hat L i s gener -

al l y negat i ve ; ot her wi se t her e woul d be posi t i ve l abor suppl y at zer o r eal

wages) : One pr oves t hi s by showi ng t hat when a and Dar e r at her l ar ge i n

t he Sout h, by ( 2 . 22) , PB i s appr oxi mat ed by

c
2

( D/ a) ( c, L- a, K) +CC'

wher e al l par amet er s ar e f or t he Sout h . Thi s expr essi on exceeds 2C
/ c2

when t he denomi nat or i s posi t i ve and smal l . Thi s wi l l occur wi t hi n an

i nt er val f or t he exogenous par amet er D.

Pr oposi t i on 3 [ Pr oposi t i on 3 i n Chi chi l ni sky ( 1981) ] . Assume t he Sout h

has abundant l abor and dual t echnol ogi es : a l ar ge and c 2 / D< 2w/ p, .

Then a move t o a new equi l i br i um wi t h a hi gher l evel of i ndust r i al de-

mand i n t he Nor t h l eads t o a hi gher l evel of expor t s of basi cs f r om t he

Sout h, but t o l ower t er ms of t r ade, r eal wages, and domest i c consump-

t i on i n t he Sout h. Thi s occur s i n Wal r asi an st abl e mar ket s .

Pr oof . - Fr omequat i on ( 2 . 22) and t he i mpl i ci t f unct i on t heor em,

dI D( N)

	

2PB( A+A( N) ) +C+C( N) +I D( S) +I D( N) '
( 3 . 4)

wher e A and Car e def i ned i n ( 2 . 22) .

When a i s l ar ge i n t he Sout h, t he si gn of t he t er mi n a det er mi nes t he

si gn of C+C( N) . Si nce t he t er m i n a wi t hi n C+C( N) i s aCc 2/ D2 , a

posi t i ve number , C+C( N) i s posi t i ve i n t hi s case . Fur t her mor e, A and

A( N) ar e al ways posi t i ve . I t f ol l ows t hat

dpBl dI D( N) < 0

	

( 3 . 5)

when a i n t he Sout h i s l ar ge. Ther ef or e when a i s l ar ge, an i ncr ease i n t he

equi l i br i uml evel of i ndust r i al demand i n t he Nor t h l eads t o a dr op i n t he

equi l i br i um pr i ce of basi cs .

Now, consi der t he equat i on r el at i ng expor t s of basi cs wi t h t hei r pr i ce

acr oss equi l i br i a :

s_ > _ > Opa l	 a, c, L- a, K I D( S)

XB

	

DpB ~c2

	

PB) + D2 (a2

	

PB

	

+

	

DPB

	

+

	

Pe

As seen i n Pr oposi t i on 2, dXB/ dpB< 0 when c2 / D< 2w/ PB. Added t o

i nequal i t y ( 3 . 5) , t hi s i mpl i es dXB/ dI D( N) > 0.
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To summar i ze : A move t o an equi l i br i um wi t h a hi gher l evel of i ndus-

t r i al demand i n t he Nor t h [ i . e . , an i ncr ease i n t he par amet er I D( N) ] l eads

bot h t o a l ar ger vol ume of i mpor t s of basi c goods by t he Nor t h ( hi gher

XB) and t o l ower t er ms of t r ade f or t he Sout h ( l ower PB) .
To compl et e t he pr oof , i t suf f i ces now t o poi nt out t hat r eal wages

w/ PB ar e al ways posi t i vel y associ at ed wi t h t he pr i ce of basi cs [ by ( 2 . 21) ]

and t hat i n equi l i br i um t he consumpt i on of basi cs i s al so posi t i vel y asso-

ci at ed wi t h t hei r pr i ce i n t he Sout h when a i s l ar ge . Thi s i s because B° =

[ wL+r K- I D( S) ] I PB, and t hi s expr essi on i s domi nat ed by t he t er m i n a,

t hat i s, by a( w/ PB) 2 , whi ch i s an i ncr easi ng f unct i on of PB. St abi l i t y was

est abl i shed i n t he appendi x of Chi chi l ni sky ( 1981) and i s di scussed f ur t her

i n t he f ol l owi ng sect i on .

Our next st ep i s t o ext end t he 1981 r esul t s . The next pr oposi t i on shar p-

ens Pr oposi t i on 1 of Chi chi l ni sky ( 1981) : I t obt ai ns r esul t s not onl y on

t er ms of t r ade but al so on t ot al expor t r evenues f ol l owi ng an expor t ex-

pansi on . These r esul t s ar e obt ai ned wi t hout any assumpt i ons on t he i n-

t er nat i onal el ast i ci t i es of demand .

Pr oposi t i on 4 . I n t he Nor t h- Sout h economy, assume t hat t he Sout h has

abundant l abor , a l ar ge, and dual t echnol ogi es, c2 / D< 2w/ p, . Then a

move t o a new equi l i br i umwi t h a hi gher vol ume of expor t s l eads not onl y

t o l ower t er ms of t r ade but al so t o l ower expor t r evenues i n t he Sout h .

However , when c2 / D> 2w/ PB , t er ms of t r ade and expor t r evenues i n-

cr ease f ol l owi ng t he expansi on i n expor t s .

Pr oof . When c2 / D< 2w/ PB and a i s l ar ge, by Pr oposi t i on 2, as t he l evel

of expor t s XB i ncr eases, t he Sout h' s t er ms of t r ade PB dr op at t he new

equi l i br i um. By ( 2 . 21) , wages decr ease and t he r at e of pr of i t i ncr eases .

Thi s i mpl i es f r om ( 2 . 3) and ( 2 . 4) t hat t ot al capi t al avai l abl e i ncr eases,

and t ot al l abor empl oyed decr eases . Ther ef or e, t he domest i c suppl y of

i ndust r i al goods I s i ncr eases, si nce I s = ( a, K- c, L) / D. Si nce t he i ndus-

t r i al demand i n t he Sout h i s const ant by ( 2 . 18) , and t he suppl y I s has i n-

cr eased, t he vol ume of i mpor t s of i ndust r i al goods I
D

( S) = I D( S) - I S( S)

must t her ef or e decr ease when t he pr i ce of basi cs dr ops . By t he bal ance- of -

payment s condi t i on PB- B=XI D, t he t ot al r evenue f r om expor t s, pBXB,

decr eases when c2 / D> 2w/ PB by Pr oposi t i on 2 . When c 2 / D> 2w/ PB,

a r i se i n expor t s l eads t o bet t er t er ms of t r ade so t hat expor t r evenues i n-

cr ease as wel l .
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The next pr oposi t i on st udi es changes i n bot h r egi ons, f ol l owi ng ei t her

an i ncr ease of expor t s Xe or an i ndust r i al expansi on i n t he Nor t h, t hat

i s, an i ncr ease i n I D
( N) ; or an i ncr ease i n demand f or basi cs BD( N) .

These ar e exogenous changes i n ei t her of t hr ee number s : I D( N) , xB" ( S) ,

or BD( N) . Cases wi t h exogenous changes i n Xa r ef er t o t he ver si on of

t he model wher e equat i on ( 2 . 18) of t he Nor t h- Sout h model i s r epl aced

by ( 2 . 18a) ; al l ot her equat i ons r emai n unchanged . Cases wher e BD( N)

i ncr eases exogenousl y r ef er t o t he Nor t h- Sout h model wher e equat i on

( 2 . 17) i s r epl aced by equat i on ( 2 . 17a) : Al l ot her s r emai n unchanged.

Pr oposi t i on 5 . Assume t hat t echnol ogi es ar e dual , c2/ D< 2w/ PB , and a

i s l ar ge i n t he Sout h . Fur t her mor e, assume t hat l abor suppl y i n t he Nor t h

i s unr esponsi ve t o t he r eal wage [ a( N) smal l ] and t hat i ndust r i al goods

i n t he Nor t h use l i t t l e l abor ( a 2 smal l ) . Then :

i . A move t o a new equi l i br i um wi t h a hi gher l evel of i ndust r i al de-

mand i n t he Nor t h, I D( N) , l eads t o hi gher l evel s of i mpor t s of basi cs and

of consumpt i on of basi c goods i n t he Nor t h . The Nor t h consumes si mul -

t aneousl y mor e of bot h goods and i s i n t hi s sense st r i ct l y bet t er of f . The

Sout h expor t s mor e basi cs, at l ower pr i ces, and r ecei ves l ower expor t r ev-

enues . I n t he Sout h, r eal wages and consumpt i on decr ease . The Sout h

consumes f ewer basi cs and t he same amount of i ndust r i al goods : I t i s

t her ef or e st r i ct l y wor se of f at t he new equi l i br i um.

i i . I dent i cal r esul t s obt ai n when t he exogenous par amet er i s XB( S) . A

move t o a newequi l i br i umwi t h an i ncr eased l evel of expor t s of t he Sout h,

XB( S) , or of i mpor t quot as i n t he Nor t h, XB( N) ( al l owi ng now ei t her

I D( N) or I D( S) t o adj ust ) , l eads t o l ower t er ms of t r ade, expor t r eve-

nues, wages, and consumpt i on i n t he Sout h .

i i i . Fi nal l y, i dent i cal r esul t s occur when t he i ni t i al exogenous change i s

i n t he equi l i br i uml evel of demand f or basi cs i n t he Nor t h, f 3 D( N) . At t he

newequi l i br i um, t he Nor t h' s demand f or basi cs and i t s i mpor t s of basi cs

i ncr ease, but t he pr i ce of basi cs goes down . The Nor t h consumes mor e of

bot h goods ; t he Sout h consumes t he same amount of i ndust r i al goods

and l ess basi cs . The Nor t h i s t her ef or e st r i ct l y bet t er of f , and t he Sout h i s

wor se of f .

Al l t hese r esul t s occur i n Wal r asi an st abl e mar ket s .

Pr oof . Consi der f i r st t he case wher e i n t he Nor t h a ( N) =0 and a2 ( N) = 0 .

The suppl y of basi cs i n t he Nor t h i s t hen a const ant , si nce

BS=( c 2L- a2 K) / D=c 2 L/ D when a=a2 =0 .
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( Not e t hat L must be posi t i ve i n t hi s case . ) Si nce t he consumpt i on of ba-

si cs of t he Nor t h i s t he sum of domest i c suppl y pl us i mpor t s, B° ( N) =

BS( N) +XB( N) , and BS( N) i s a const ant , when i mpor t s of basi cs XB( N)

i ncr ease, consumpt i on of basi cs i n t he Nor t h, B° ( N) , must i ncr ease as

wel l .

Pr oposi t i on 3 shows t hat , under t he condi t i ons, a move t o an equi l i b-

r i um wi t h a hi gher l evel of i ndust r i al demand i n t he Nor t h,
I D

( N) , l eads

t o mor e expor t s of basi cs, XB( S) =Xe( N) . Ther ef or e, i n our case, t hi s

l eads t o i ncr eased consumpt i on of basi cs i n t he Nor t h . The equi l i br i um

l evel s of demand f or i ndust r i al goods I ° ( N) and f or basi cs B° ( N) have

t her ef or e i ncr eased si mul t aneousl y i n t he Nor t h . For any r easonabl e wel -

f ar e measur e, t he Nor t h i s st r i ct l y bet t er of f . By cont i nui t y, t he same r e-

sul t s obt ai n when a2 ( N) and a( N) ar e cl ose t o zer o, pr ovi ng t he f i r st par t

of t he t heor em.

I n t he Sout h, expor t r evenues decr ease as shown i n Pr oposi t i on 4 above.

As t he t er ms of t r ade pB decr ease, r eal wages and t he consumpt i on of

basi cs decr ease i n t he Sout h, as shown i n Pr oposi t i on 3 . Si nce i ndust r i al

demand r emai ns const ant i n t he Sout h, t he Sout h i s st r i ct l y wor se of f .

The st at ement i n i i f ol l ows f r om t he f act t hat par amet er i zi ng t he sol u-

t i ons by t he l evel of expor t s XB or by t he l evel of i ndust r i al demand i n t he

Nor t h, I D
( N) , l eads t o t he same compar at i ve st at i cs r esul t s . Fi nal l y, we

pr ove par t i i i .

Assume
' &D

( N) i s exogenousl y i ncr eased, a( N) = 0, and a2 ( N) = 0.

Then, as shown above, BS r emai ns const ant , BS=CLI D. The i ncr ease

of demand must be met by a hi gher l evel of i mpor t s of basi cs, XB( N) _

XB( S) . But c 2/ D< 2w/ pB and a( S) l ar ge i mpl y t hat at t he new equi l i b-

r i umwi t h a hi gher l evel of XB( S) , bot h PB and pBXB ar e l ower , as shown

i n Pr oposi t i on 4 . Thi s means t hat expor t s of i ndust r i al goods X
S
( N) ar e

l ower ( p BXB =X; ) . As PB i s l ower , r andKar e hi gher , t hat i s, suppl y of

I i ncr eases i n t he Nor t h . Ther ef or e I ° = I ' S- X; i ncr eases t oo : The Nor t h

now consumes mor e basi cs and mor e i ndust r i al goods . The r est of t he

t heor em i s an appl i cat i on of Pr oposi t i ons 1- 4 . St abi l i t y i s est abl i shed i n

Sect i on 4 .

Havi ng ext ended t he compar at i ve st at i cs r esul t s of t he 1981 model i n

Pr oposi t i ons 4 and 5, we now t ur n t o an ext ensi on of t he model i t sel f .

Thi s al l ows us t o obt ai n shar per and mor e gener al r esul t s . The newr esul t s

ar e appl i cabl e t o economi es t hat may or may not have abundant l abor .

The ext ensi on of t he model pr oposed her e was f or mul at ed i n Chi chi l -

ni sky ( 1981, p . 179) .
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An ext ensi on of t he Nor t h- Sout h model

The Nor t h- Sout h model pr esent ed i n Sect i on 2 i s al t er ed now i n a r at her

si mpl e f ashi on al r eady di scussed i n Sect i on 2. The change i s i n t he speci -

f i cat i on of demand i n t he Sout h . Rat her t han assumi ng t hat t he equi l i b-

r i um l evel of i ndust r i al demand i n t he Sout h i s a gi ven const ant , we as-

sume i nst ead t hat , i n equi l i br i um, wage i ncome i n t he Sout h i s spent on

t he basi c good . Thi s ent ai l s r epl aci ng equat i on ( 2 . 18) , t hat i s, I D( S) =

I D( S) , by

PBBD=WL .

	

( 2 . 18b)

Thi s ver si on of t he Nor t h- Sout h model ( denot ed 11) consi st s t her e-

f or e of t he same equat i ons as i n t he Nor t h- Sout h model but f or equat i on

( 2 . 18) , whi ch i s r epl aced by ( 2 . 18b) . As bef or e, t he model has a uni que

sol ut i on . Not e t hat i n t he f ol l owi ng r esul t s no assumpt i on i s made about

l abor abundance i n t he Sout h . Compar at i ve st at i cs i s per f or med by var y-

i ng exogenousl y ei t her Ys or I D( N) : The compar at i ve st at i cs r esul t s ob-

t ai ned under t hese t wo exogenous changes ar e t he same .

Pr oposi t i on 6 . Consi der a Nor t h- Sout h economy 11 wher e capi t al st ocks i n

t he Sout h ar e f i xed ( K=K) , and L =aWI PB ( L=0) . Then a necessar y and

suf f i ci ent condi t i on f or an i ncr ease i n expor t s t o l ower t he Sout h' s t er ms

of t r ade, r eal wages, and consumpt i on i s t echnol ogi cal dual i t y : c 2 / D<

2w/ p, . I n par t i cul ar , when t he economy i s homogeneous, c 2 / D> 2w/ p, ,

t he Sout h' s t er ms of t r ade al ways i mpr ove as t he Sout h i ncr eases i t s ex-

por t s, and i t s r eal wages and consumpt i on of basi cs i ncr ease as wel l .

When L ; ; A- 0, t he necessar y and suf f i ci ent condi t i on i s, i nst ead, c 2/ D<

2WI PB+L .

Pr oof . Consi der t he equat i on f or t he equi l i br i um vol ume of expor t s,

XB( S) =Bs( S) - BD( S) . Fr omB' s= ( c2 L- a2K) / Dand B° = wL/ PB and

subst i t ut i ng f or L and Kf r om equat i ons ( 2 . 3) and ( 2 . 4) , we obt ai n

dXB _ C 2w

dwl p, - a( D

	

PB
( 3 . 6)

When L=0, t he necessar y and suf f i ci ent condi t i on f or dXB/ d( w1PB) t o

be negat i ve i s C/ D<2w/ PB . When L?- 40, we obt ai n, i nst ead, C2/ D<

2WI PB+L.

To compl et e t he pr oof , not e t hat t he r eal wage i s an i ncr easi ng f unc-

t i on of t he pr i ce of basi cs acr oss equi l i br i a [ f r om equat i on ( 2 . 21) ] .
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Fi nal l y, t he consumpt i on of basi cs i s an i ncr easi ng f unct i on of t he r eal

wage acr oss equi l i br i a, si nce B° = w/ PBL = a ( w/ PB
) 2+

w/ PBL by ( 2 . 3)

and ( 2 . 18b) .

The f ol l owi ng pr oposi t i on obt ai ns r esul t s anal ogous t o t hose of Pr op-

osi t i on 3 but f or t he Nor t h- Sout h model I I .

Pr oposi t i on 7 . Consi der a Nor t h- Sout h economy I I wher e t he capi t al

st ock i n t he Sout h i s f i xed ( K=K) and L=aWI PB ( L=0) . Labor i n t he

Sout h need not be abundant . Then an i ncr ease i n t he Nor t h' s i ndust r i al

demand l eads t o an i ncr ease i n expor t s and t o l ower t er ms of t r ade, r eal

wages, and consumpt i on of basi cs i n t he Sout h i f and onl y i f t he dual i t y

condi t i on hol ds i n t he Sout h, c 2 / D< 2w/ PB . When L e 0, t he condi t i on

i s c2 / D< 2w/ PB +L . Fur t her mor e, i f t he r at e of pr of i t i n t he Sout h i s

suf f i ci ent l y l ow t hat r < a, / D, an i ncr ease i n expor t s l ower s al so t ot al ex-

por t r evenues of t he Sout h .

The consumpt i on of basi cs and of i ndust r i al goods i ncr eases si mul -

t aneousl y i n t he Nor t h pr ovi ded i ndust r i al goods use l i t t l e l abor [ a2 ( N)

smal l ] and l abor i s r at her unr esponsi ve t o t he r eal wage [ a( N) smal l ] .

When c 2 / D> 2w/ PB , t he r esul t s ar e posi t i ve : An i ncr ease i n t he Nor t h' s

i ndust r i al demand l eads t o an i ncr ease i n expor t s and t o hi gher t er ms

of t r ade, r eal wages, and consumpt i on of basi cs i n t he Sout h . The si gn

of c 2 / D- 2w/ PB det er mi nes t her ef or e whet her t he i nt er nat i onal mar ket

t r ansmi t s or hi nder s economi c expansi on acr oss t he t wo r egi ons under

t he condi t i ons .

Pr oof . Fi r st , we st udy t he r el at i onshi p bet ween t he equi l i br i um pr i ce of

basi cs and t he l evel of i ndust r i al demand of t he Nor t h . Si nce Wal r as' l aw

i s al ways sat i sf i ed i n an equi l i br i um, pBB° + I ° =wL+r K, and by as-

sumpt i on ( 2 . 18b) , pBB° = wL, i t f ol l ows t hat

I D=
r K=Or 2+r g

Acr oss equi l i br i a, t her ef or e,

dr _ 1

dI °

	

2r O+K > 0

	

( 3 . 7)

Fur t her mor e, f r om equat i on ( 2 . 3) , acr oss equi l i br i a,

dr _ - a2

dpB D
<0 .

Ther ef or e, f r om equat i ons ( 3 . 7) and ( 3 . 8) , i t f ol l ows t hat

( 3 . 8)
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dpB

	

< 0,
dI D( N)

t hat i s, an i ncr ease i n t he i ndust r i al demand i n t he Nor t h l eads t o a l ower

pr i ce of basi cs at t he newequi l i br i um.

We have al r eady pr oved i n Pr oposi t i on 6 t hat ( under t he condi t i ons)

a necessar y and suf f i ci ent condi t i on f or a negat i ve associ at i on of expor t

l evel s and t he pr i ce of basi cs i s dual i t y i n t he Sout h: c 2 / D< 2w/ PB when

L = 0, or c2 / D< 2w/ PB +L when L ; ~, - 0. Ther ef or e, si nce pB i s negat i vel y

associ at ed wi t h
I D

( N) , t hese t wo condi t i ons ar e al so necessar y and suf f i -

ci ent f or an i ncr ease i n expor t s and f or a si mul t aneous decr ease i n t he

t er ms of t r ade of t he Sout h, as t he i ndust r i al demand i n t he Nor t h, I D( N) ,

i ncr eases . Si nce Pr oposi t i on 6 showed t hat r eal wages and consumpt i on

of basi cs i n t he Sout h al l decr ease wi t h t he pr i ce of basi cs, t hi s compl et es

t he f i r st par t of t he pr oof .

Next consi der t he condi t i on on pr of i t s r <a, / D. By ( 2 . 18b) and Wal -

r as' l aw, i mpor t s of t he Sout h equal

s

	

a, K- c, L

	

a,

	

c,
X, ( S) =I ( S) - I ( S) =r K-

	

D

	

= r - D) K+ DL .

I t f ol l ows t hat , acr oss equi l i br i a,

dX° ( S) _

	

_a, ~ dK

	

c l dL

dpB

	

r

	

D

	

dp B + DdpB

By assumpt i on, r < a, I D; si nce dK/ dpB < 0 and dL/ dpB > 0, i t f ol l ows

t hat dX° ( S) / dpB >0. The i mpor t s of t he Sout h decr ease as t he pr i ce of

basi cs dr ops, acr oss equi l i br i a .

By t he bal ance- of - payment s condi t i on, t ot al expor t r evenues PBXB( S)

equal t he val ue of i mpor t s X° ( S) . Ther ef or e, we have pr oved t hat when

c 2 / D< 2w/ PB, expor t r evenues f al l wi t h a decr ease i n t he pr i ce of basi cs,

acr oss equi l i br i a . The opposi t e happens when c 2 / D> 2w/ PB: PB and ex-

por t r evenues i ncr ease .

Fi nal l y, under t he condi t i ons, t he consumpt i on of basi cs wi l l i ncr ease

i n t he Nor t h f ol l owi ng an expansi on i n i ndust r i al demand whenever a 2 ( N)

i s smal l and a( N) i s smal l , as pr oved i n Pr oposi t i on 5 .

The Nor t h- Sout h model wi t h f i xed f act or endowment s

The l ast t wo pr oposi t i ons i n t hi s sect i on consi der economi es wi t h f i xed

f act or endowment s, t hat i s, K=Kand L = L ( a = a = 0) . The f i r st pr op-

osi t i on r ef er s t o t he Nor t h- Sout h model , and t he l ast t wo t o i t s ver si ons

11 and I I I .
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Fi gur e 2. The Nor t h- Sout h model wi t h f i xed f act or endowment s : The

pr oduct i on possi bi l i t y f r ont i er has a shaded pi ecewi se l i near boundar y .

Acr oss equi l i br i a, t he demand f or i ndust r i al goods I ° i s const ant and an

i ncr ease i n t he pr i ce of basi cs f r ompB t o pa l eads al ways t o a dr op i n t he

vol ume of expor t s XB. Not e t hat domest i c suppl y Bs r emai ns const ant ,

but domest i c demand f or basi cs B° i ncr eases t o B, D when t he pr i ce of

basi cs i ncr eases f r omPB t o Pe .

Pr oposi t i on 8 . Consi der a Nor t h- Sout h model wi t h f i xed f act or endow-

ment s . I n t hi s case, a move t o a newequi l i br i um wi t h hi gher l evel s of ex-

por t s al ways l ower s t he t er ms of t r ade and expor t r evenues of t he Sout h

and l eads al so t o l ower r eal wages and consumpt i on of basi cs i n t he Sout h .

Fi gur e 2 i l l ust r at es t hi s r esul t . '

Pr oof . - When a = 0 and ( 3 = 0, t he cr oss- equi l i br i a r el at i on bet ween ex-

por t s and t hei r pr i ce PB i s

S_ c2 L- a 2 K wL+r K- I
D

( S)
XB

D PB

D

=
C
C-

W
l L- Ca+

r
l K+I

D PB D PB PB

Subst i t ut i ng wand r , one obt ai ns

XS_ c~L- a, K + I D( S)

B DPB PB



so t hat
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dXB _ a~K- c 1 L

	

I D( S)

dPB DPa PB

whi ch i s al ways negat i ve si nce a, K> CI L [ see, e. g . , equat i on ( 2 . 20) ] . As

t he pr i ce of basi cs dr ops, t he r eal wage dr ops as wel l . Al so, t he consump-

t i on of basi c goods, BD= ( wL+r K- I D( S) ) / PB, decr eases when L i s l ar ge

si nce dBDI dPB i s domi nat ed by t he expr essi on L( d( w1PB) / dPB) , whi ch

i s posi t i ve .

Pr oposi t i on 9. Consi der a Nor t h- Sout h model I I wi t h f i xed f act or en-

dowment s i n t he Sout h . Then a move t o an equi l i br i um wi t h i ncr eased

expor t s of t he wage good l eads al ways t o a dr op i n t he Sout h' s t er ms of

t r ade . I t al so l eads t o a dr op i n r eal wages and i n t he consumpt i on of t he

wage good i n t he Sout h. However , i n t he newequi l i br i um, t he Sout h i m-

por t s mor e i ndust r i al goods .

Pr oof . I n t he Nor t h- Sout h model I I , we have X's=( c 2 L- a2 K) / D-

wl PBL, t hat i s,

XS

	

c2
-

w

	

L-
a2 K.

B- ( D PBl D

By subst i t ut i on f r om equat i on ( 2 . 21) , t hi s equal s XB = ( c 1 / PBD) L -

a2 K/ D, so t hat dXB/ dPB= - c l L/ PBD, whi ch i s al ways negat i ve . Ther e-

f or e, a move t o an equi l i br i um wi t h i ncr eased expor t s of t he wage good

l eads al ways t o a decr ease i n t hei r pr i ce, PB . Si nce w/ PB = c2/ D- C/ PBD,

t he r eal wage decr eases, and domest i c demand f or wages goods, bei ng

BD=wL/ PB=( c2/ D- cl / PBD) L, al so decr eases as dBDI dPB=cl
LI PBD>

0. Fi nal l y, we show t hat i mpor t s of i ndust r i al goods i ncr ease . Consi der

t he domest i c demand f or i ndust r i al goods i n t he Sout h: I n t hi s case, t hi s i s

I D= r K. Si nce PB decr eases f ol l owi ng t he expor t expansi on, t he newequi -

l i br i um pr of i t s r ar e hi gher , by equat i on ( 2 . 4) . Ther ef or e, i ndust r i al de-

mand I D( S) i ncr eases i n t he Sout h . However , si nce f act or endowment s

ar e const ant , i ndust r i al suppl y I S has not changed . Ther ef or e, t he hi gher

l evel demand of i ndust r i al goods at t he new equi l i br i um must be due t o

i ncr eased i mpor t s of i ndust r i al goods .

The l ast pr oposi t i on i n t hi s sect i on subst i t ut es t he demand speci f i cat i on

( 2 . 18) by ( 2 . 18c) , t hat i s, demand f r om basi cs der i ves bot h f r om wages

and f r om capi t al i ncome :



24

	

Gr aci el a Chi chi l ni sky

BD =- y wL+Xr k,

	

- y, X<i ,
PB

and at l east one posi t i ve i n t he Sout h . Al l ot her equat i ons r emai n un-

changed . We cal l t hi s t he Nor t h- Sout h model 111 .

Pr oposi t i on 10 . Consi der t he Nor t h- Sout h model I I I wher e t he demand

f or basi cs der i ves bot h f r om l abor and capi t al i ncome and f r omf i xed f ac-

t or endowment s ( L =L, K=K) . I f al l capi t al i ncome i s spent on t he basi c

good B, i ncr easi ng t he vol ume of expor t s l eads al ways t o bet t er t er ms of

t r ade but t o l ower domest i c consumpt i on of basi cs . I f demand f or basi cs

comes bot h f r oml abor and capi t al i ncome, t he t er ms of t r ade may i ncr ease

or decr ease as expor t s expand . Thei r r esponse depends on t he si gn of t he

expr essi on

and

Pr oof : I n t he Sout h, acr oss equi l i br i a,

4 St abi l i t y

XB=B
s
- B° = ~ZL-

a2K- C~

w
L+Xr R

dXB
s

-
- L

' Yc' 2 +a2 AK.
dPB DPB D

D D PB

L( D

	

PB - K( D
+Xr l

=L(
D

( 1 _' Y) + Dcl
) _, ( a

D
( 1 _ PB, ) +, D) ,

PB

When y = 0, dXB/ DPB> 0. When X= 0, dXB/ dPB < 0, as i n Pr oposi -

t i on 9. The si gn of dXB/ dPB i s t hat of a2 XK- ( yc
I
/ PB) L. Fi nal l y, not e

t hat ( dB°l dPB) < 0 when B° = r K.

Thi s sect i on st udi es t he st abi l i t y of t he Nor t h- Sout h model and di scusses

sever al comment s t hat addr ess t hi s i ssue .

I t was shown i n Chi chi l ni sky ( 1981) t hat t he Nor t h- Sout h model i s st abl e

under t he condi t i ons of Pr oposi t i ons 2 and 3 . Ar r ow ( 1981) poi nt ed out
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t hat i ndi vi dual equi l i br i a ar e st abl e i n t he usual sense of gener al equi l i br i -

umt heor y . 9 Heal and McLeod ext ended and gener al i zed t he 1981 st abi l i t y

r esul t s t o a wi de f ami l y of adj ust ment pr ocesses t hat cont ai n, as a speci al

case, t he pr ocess i n Chi chi l ni sky ( 1981) . Ot her comment at or s ( e . g . , Gun-

ni ng, Fi ndl ay, Bhagwat i , Sr i ni vasan, Ranney, and Saavedr a) pr oposed

an adj ust ment pr ocess qui t e di f f er ent f r om t hat i n Chi chi l ni sky ( 1981) ,

but t hese aut hor s never t hel ess al l agr ee on t he st abi l i t y of t he model . 9

For a di scussi on of st abi l i t y, we must nowdef i ne our di sequi l i br i umad-

j ust ment pr ocess . Thi s i s necessar y because t he pr evi ous sect i ons st udi ed

onl y moves f r om one equi l i br i um t o anot her , and no i nf or mat i on has

been gi ven so f ar t hat coul d be used t o deci de whet her shocki ng t he sys-

t emaway f r om one equi l i br i umwoul d make i t r et ur n t o t he equi l i br i um

or not . Al l equat i ons gi ven so f ar ar e equi l i br i umr el at i ons . For i nst ance,

each pr oposi t i on of Sect i ons 2 and 3 assumes t hat pr of i t s ar e zer o, namel y,

t hat commodi t y pr i ces ar e l i near combi nat i ons of f act or pr i ces, gi ven by

t he commodi t y- f act or pr i ce equat i ons :

PB =a, W+Cr ,

	

PI =a2 w+c2r ,

	

( 4 . 1)

or t he equi val ent i nver se equat i ons, t he f act or - commodi t y pr i ce r el at i ons :

x ' =( PBC2 - C) I D,
r =( a, -

PBa2) l D.

Pr of i t s must be zer o i n equi l i br i umbecause t he Nor t h- Sout h model has

const ant r et ur ns t o scal e, and t he pr oducer s ar e compet i t i ve . But pr of i t s

ar e t ypi cal l y not zer o dur i ng an adj ust ment pr ocess t hat l eads f r om a di s-

equi l i br i um posi t i on t o an equi l i br i um. Cl assi cal st udi es of st abi l i t y i n

const ant r et ur ns- t o- scal e economi es such as Samuel son ( 1949) and Ar r ow

and Hur wi cz ( 1963) use pr of i t s as a dr i vi ng f or ce i n t he adj ust ment pr o-

cesses : I n di sequi l i br i um, pr oducer s i ncr ease out put when pr of i t s ar e pos-

i t i ve, and t hey decr ease i t when pr of i t s ar e negat i ve . Mor e r ecent l y, Mas-

Col el l ( 1974) has st udi ed Wal r asi an st abi l i t y i n a const ant r et ur ns- t o- scal e

economy t hat i s ver y si mi l ar , i ndeed an enl ar ged ver si on of t he model pr e-

sent ed her e . He t oo uses pr of i t s as a dr i vi ng f or ce i n t he adj ust ment pr o-

cess, a pr ocess he at t r i but es t o Wal r as : Pr of i t s i n hi s model ar e onl y zer o

at equi l i br i um. Si mi l ar l y, t he adj ust ment pr ocess of Chi chi l ni sky ( 1981,

1984) and t he mor e gener al pr ocesses i n Heal and McLeod ( 1984) al l have

nonzer o pr of i t s i n di sequi l i br i um and, i ndeed, t hese pr of i t s pl ay an i mpor -

t ant r ol e i n t he adj ust ment pr ocess . I n al l of t hese adj ust ment pr ocesses,

t her ef or e, t he commodi t y- f act or pr i ce equat i ons ( 4 . 1) do not hol d out -

si de of an equi l i br i um.
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Thi s poi nt i s wor t h not i ng because some comment at or s, t hat i s, Fi nd-

l ay, Bhagwat i , Sr i ni vasan, and Ranney, use a di f f er ent pr ocess, one i n

whi ch pr of i t s ar e assumed t o be i dent i cal l y zer o at ever y di sequi l i br i um

poi nt even whi l e commodi t y mar ket s adj ust . They assume t hat t he zer o

pr of i t commodi t y- f act or pr i ce r el at i ons ( 4 . 1) hol d at ever y di sequi l i br i um

posi t i on of t he commodi t y mar ket s . For mal l y, t he pr ocess used by t hese

comment at or s cannot be Wal r asi an because t he pr i ce equat i ons ( 4 . 1) i m-

pl y t hat f act or pr i ces ar e cont i nuousl y var yi ng as f unct i ons of good pr i ces,

even t hough t hei r f act or mar ket s ar e cont i nuousl y at an equi l i br i um, and

excess demand i n t hese mar ket s i s al ways zer o : I n a Wal r asi an pr ocess,

t her e can be no pr i ce changes i n mar ket s t hat r emai n wi t h zer o excess

demand . The pr ocess used by t hese comment at or s, whi ch assumes zer o

pr of i t s at ever y di sequi l i br i um poi nt , r ul es out t hose pr ocesses of Samuel -

son, Ar r owand Hur wi cz, Mas- Col el l , and Heal and McLeod, al l of whi ch

assume nonzer o pr of i t s out si de of equi l i br i um. I t al so r ul es out t he pr o-

cess of Chi chi l ni sky ( 1981) , so t hat t hese aut hor s ar e wor ki ng on a di f f er -

ent model al t oget her .

We nowdef i ne t he pr ocess gi ven i n t he appendi x of Chi chi l ni sky ( 1981) .

Fi r st , we st udy one r egi on, and t hen we st udy bot h Nor t h and Sout h. The

Nor t h- Sout h model has f our mar ket s i n each r egi on, f or capi t al , l abor ,

basi cs, and i ndust r i al goods . A t ypi cal Wal r asi an adj ust ment r equi r es t hat

mar ket pr i ces be posi t i vel y associ at ed wi t h t he excess demand i n t hat mar -

ket . Ther ef or e, f or each ( di sequi l i br i um) pr i ce vect or p = ( pa, PI , w, r ) ,

we assume

Pb =DB( p) - SB( p) ,

	

Pi = DI ( p) - Sl ( p) ,

i v= DL ( p) - SL( p) ,

	

r =DK( p) - SK( p) ,
( 4 . 2)

wher e t he l et t er s D and S pr ecedi ng a var i abl e i ndi cat e ( di sequi l i br i um)

demand and suppl y, r espect i vel y . Thi s not at i on i s del i ber at el y di f f er ent

f r omt hat f or equi l i br i um suppl y and demand and al so di f f er ent f r om t he

not at i on i n t he appendi x of Chi chi l ni sky ( 1981) so as t o avoi d conf usi on

bet ween, f or exampl e, t he equi l i br i um l evel of demand B° and t he de-

mandf unct i on f or basi cs DB( p) .

To avoi d t he t echni cal i t i es of a f our - di mensi onal dynami cal syst em,

we assume, i n a f ashi on anal ogous t o Ar r owand Hahn ( 1971, Chapt er 12)

and t o much of t he t r ade l i t er at ur e, t hat some of t he mar ket s ar e al ways

at an equi l i br i um and t hat t he bur den of adj ust ment l i es on t he ot her

mar ket s . Fact or mar ket s ar e assumed al ways t o cl ear DL = SL and DK =

SK; by ( 4 . 2) , t hi s i mpl i es w= r = 0. Al so, si nce i ndust r i al goods ar e t he
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numer ai r e, p, i s i dent i cal l y equal t o 1, so t hat P, = 0. The mar ket f or ba-

si cs i s t her ef or e t he onl y one i n whi ch pr i ce and quant i t y adj ust ment s t ake

pl ace al ong t he adj ust ment pr ocess, f ol l owi ng t he di f f er ent i al equat i on

PB=DB( p) - SB( p) .

The next st ep i s t o def i ne t he suppl y and demand f unct i ons SB( p) and

DB( p) f or al l di sequi l i br i umpr i ces . Thi s i ncl udes, i n par t i cul ar , pr i ce vec-

t or s p= ( PB, l , w, r ) wher e pr of i t s ar e not zer o, t hat i s, wher e t he com-

modi t y- f act or pr i ce equat i ons ( 4 . 1) do not necessar i l y hol d . Such a sup-

pl y f unct i on has not been def i ned pr evi ousl y i n t hi s chapt er , and we do so

now. Not e t hat as t he Nor t h- Sout h model has const ant r et ur ns t o scal e,

pr of i t maxi mi zat i on condi t i ons do not det er mi ne st andar d suppl y f unc-

t i ons i ndependent l y f r om demand consi der at i ons : Di sequi l i br i um suppl y

f unct i ons ar e not wel l def i ned wi t h const ant r et ur ns t o scal e [ see, e . g . ,

Ar r ow and Hahn ( 1971) , Chapt er 12, Sect i on 10] . Sever al al t er nat i ves ar e

possi bl e, and we f ol l ow one t hat appear s r easonabl e . For any gi ven pr i ce

vect or p = ( pB, l , w, r ) , we use t he f act or suppl y equat i ons

SL( p) =aw/ PB+L and SK( p) =Or +K

t o det er mi ne t he l evel of f act or s suppl i ed at p. Si nce f act or mar ket s al -

ways cl ear , suppl i es of l abor and capi t al must mat ch demand,

SL( p) =DL( p) =L( p) and SK( p) =DK( p) =K( p) ,

and t hus we obt ai n t he l evel of capi t al and l abor empl oyed at pr i ce p . I f

f i r ms use t hei r f act or s ef f i ci ent l y, t hi s means t hat at t he ( di sequi l i br i um)

pr i ce vect or p, suppl y of B i s

c2L( p) - a2K( p) c2 w a2
SB( p) =

	

D

	

= D Ca- +Ll - D( ( 3r +K) .
pB

( 4 . 3)

Thi s def i nes t he suppl y f unct i on f or basi cs at any ( di sequi l i br i um) pr i ce

vect or p.

We now def i ne t he demand f unct i on f or basi cs DB( p) and f or i ndus-

t r i al goods DI ( p) f or any pr i ce vect or p. These def i ni t i ons must be con-

si st ent wi t h Wal r as' l aw, whi ch st at es t hat at any ( di sequi l i br i um) pr i ce p,

t he val ue of expendi t ur es equal s t he val ue of i ncome :

p, DB( p) +DI ( p) =wL( p) +r K( p) +I Z( p) , ( 4 . 4)

wher e I I ( p) denot es pr of i t s at p. Recal l t hat uni t pr of i t s at t he pr i ce vec-

t or p ar e gi ven by pB - a, w- c, r i n t he Bsect or and 1- a2 w- c2 r i n t he I

sect or . Tot al pr of i t s n( p) ar e t her ef or e equal t o
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and ar e gener al l y not zer o out si de an equi l i br i um.

The di sequi l i br i umdemand f unct i on f or basi cs DB( p) was def i ned on

page 190 of Chi chi l ni sky ( 1981) [ denot ed BD( p) ] as

t hat i s,

H( p) =SB( PB- a l w- c l r ) +SI ( 1- a 2 w- Cr )

	

( 4 . 5)

PBDB( P) =WL( P) +r K( p) - I D( P) ,

w

	

2

	

wL+r K

	

Or 2

	

I D

DI ( p) =I D+I I ( p) .

PB PB PB PB

( 4 . 6)

wher e wand r ar e t he equi l i br i um val ues and I Di s t he const ant def i ned i n

equat i on ( 2 . 17) .

By Wal r as' l aw, t hi s def i ni t i on of DB( p) i s equi val ent t o def i ni ng t he

( di sequi l i br i um) demand f unct i on f or i ndust r i al goods DI ( p) as

( 4 . 7)

Ther ef or e, t he def i ni t i on of DB i n t he appendi x of Chi chi l ni sky ( 1981)

i mpl i es t hat pr of i t s H( p) ar e al ways spent i n t he i ndust r i al sect or . I n par -

t i cul ar , si nce pr of i t s ar e nonzer o and an i ncr easi ng f unct i on of PB i n di s-

equi l i br i um, DI ( p) i s not a const ant out of equi l i br i um; r at her i t i s an

i ncr easi ng f unct i on of PB, or equi val ent l y DI ( p) i s downwar d sl opi ng i n

t he r el at i ve pr i ce of p, , as st at ed i n Chi chi l ni sky ( 1981, p. 168) . Thi s i s

wor t h not i ng because some of t he comment at or s ( e . g . , Fi ndl ay, 1984a, b;

Sr i ni vasan and Bhagwat i , 1984) dr ew a ver t i cal di sequi l i br i um demand

f unct i on f or i ndust r i al goods ; t hat i s, t hey post ul at ed t hat i n di sequi l i br i -

um, i ndust r i al demand i s al ways a const ant I D. Thi s i s not cor r ect si nce, as

seen above, a const ant demand f unct i on f or I woul d cont r adi ct Wal r as'

l aw and t he def i ni t i on of t he demand f or B i n Chi chi l ni sky ( 1981, p . 190) .

We def i ne nowt he di sequi l i br i umsuppl y f unct i on f or i ndust r i al goods

i n anal ogy wi t h t he suppl y of basi cs [ equat i on ( 4 . 3) ] . At a di sequi l i br i um

pr i ce p = ( PB, l , w, r ) , l et

a, K( p) - c 1 L( p) a]	 c, w
SI ( P) =

	

D

	

= D ( / 3r + K) -
D

a
( PB

+L

	

.

	

( 4 . 8)
)

By const r uct i on, Wal r as' l aw i s sat i sf i ed, t hat i s, t he val ue of excess de-

mand i s equal t o zer o .

Havi ng def i ned t he suppl y and demand f unct i ons f or basi cs and i ndus-

t r i al goods, we may nowcomput e whet her t he syst em i s st abl e i n a nei gh-

bor hood of one equi l i br i um. To st udy st abi l i t y i n t he nei ghbor hood of
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one equi l i br i um, p* = ( p* , 1, w* , r * ) under t he adj ust ment pr ocess de-

f i ned above, one consi der s a shock t o p* . Fr omequat i on ( 4 . 2) , t he f act or

pr i ces wand r must r emai n at t he equi l i br i um val ues dur i ng a Wal r asi an

adj ust ment pr ocess ( t i v = r = 0) because f act or mar ket s have been assumed

t o cl ear at al l t i mes . 10 Fr omher e on, I shal l t her ef or e assume t hat w= w*

and r = r * . St abi l i t y i n a nei ghbor hood of one equi l i br i um r equi r es t hat

al l t he ei genval ues of t he Jacobi an of t he syst em ( 4 . 2) have negat i ve r eal

par t s . Thi s Jacobi an i s t he 4 x 4 mat r i x of t he par t i al der i vat i ves of t he

f our f unct i ons DB( p) - SB( p) , DI ( p) - SI ( p) , DL( p) - SL( p) , and

DK( p) - SK( p) wi t h r espect t o t he f our var i abl es PB, p, , w, and r . How-

ever , si nce, 6, = t i v = r = 0, t he mat r i x has onl y one nonzer o t er m, whi ch i s

t he par t i al der i vat i ve of t he excess demand f or basi cs wi t h r espect t o t he

pr i ce of basi cs, t hat i s, a/ aPB[ DB( p) - SB( p) ] . For st abi l i t y, t hi s par t i al

der i vat i ve must be negat i ve .

Fr omt he above def i ni t i ons of suppl y and demand [ equat i ons ( 4 . 3) and

( 4 . 6) ] , we have, f or any ( di sequi l i br i um) pr i ce p, t he expr essi on f or ex-

cess demand f or basi cs :

wL( P) +r K( p)
- I D

-

DL( p) + a2K( P) ,

	

( 4 . 9)DB( P) - SB( P) =
pB

-

whi ch by t he def i ni t i on of suppl y of l abor and capi t al i n di sequi l i br i umi s

equal t o a( w/ pB) 2 +0( r 2/ pB) +w/ PB( L- ac e/ D) +r ( Oa2/ D+K/ PB) +

( Ka2 - Lc 2 ) / D- I D/ PB. For st abi l i t y, t he par t i al der i vat i ve of t he excess

demand f unct i on DB( p) - SB( p) wi t h r espect t o PB must be negat i ve,

t hat i s,

R

	

D
8

	

aw

	

wL
( DB( p) - SB( P) ) =

	

( c2/ D- 2WI PB) -

	

-
z

2
-

K2
+ I 2

aPB

	

PB

	

PB PB PB PB

When a i s suf f i ci ent l y l ar ge, t he t er m aw/ PB( c2/ D- 2w/ PB) domi nat es

t he expr essi on ( 4 . 10) . Ther ef or e, t he B mar ket i s st abl e when t he dual i t y

condi t i on c 2/ D< 2w/ PB i s sat i sf i ed. Thi s i s, of cour se, t he st abi l i t y con-

di t i on on pages 190- 191 of Chi chi l ni sky ( 1981) and i s al so t he condi t i on

obt ai ned by Heal and McLeod ( 1984) i n t hei r adj ust ment pr ocess of Sec-

t i on 4. 1 .

I t i s now i mmedi at e t o show st abi l i t y i n t he i ndust r i al goods mar ket ,

f or whi ch i t i s r equi r ed t hat t he par t i al der i vat i ve a/ ap, ( DI ( p) - SI ( p) )

be posi t i ve . Thi s i s a di r ect appl i cat i on of Wal r as' l aw. Si nce t he val ue of

excess demand i s zer o, t hat i s, PB( DB( p) - SB( p) ) +DI ( p) - SI ( p) =0,
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i t f ol l ows t hat

a

	

DI ( P) - SI ( p) a

aPB
( DI ( p) - SI ( p) ) =

	

Pa

	

-
apB

( DB( p) - SB( p) ) .

Near an equi l i br i um, DI ( p) - SI ( p) i s cl ose t o zer o, and t her ef or e

( a/ apB) ( DI ( p) - SI ( p) ) i s i ndeed posi t i ve when a/ ap, ( DB( p) - SB( p) ) <

0 . Thus t he mar ket f or i ndust r i al goods i s al so st abl e when a i s l ar ge and

c 2/ D< 2w/ PB. Fi gur es 3 and 4 r epr oduce numer i cal l y t he di sequi l i br i um

suppl y and demand equat i ons f or B and f or I f or a si mul at i on of t he

model wi t h i ni t i al par amet er val ues sat i sf yi ng t he above condi t i ons .

These f i gur es i l l ust r at e st abi l i t y of bot h mar ket s .

We have t her ef or e pr oved t he st abi l i t y r esul t s i n Chi chi l ni sky ( 1981) :

Pr oposi t i on 11 . [ Appendi x 2, Chi chi l ni sky ( 1981) ] . Under t he Wal r asi an

adj ust ment pr ocess P=DB( p) - SB( p) of Chi chi l ni sky ( 1981) , t he econ-

omy of t he Sout h i s st abl e when a i s l ar ge and c 2 / D< 2w/ PB.

Pr oof : See t he pr ecedi ng t ext st ar t i ng f r om equat i on ( 4 . 6) t o t he st at e-

ment of t hi s pr oposi t i on .

As ment i oned above, t he pr ocess i n Chi chi l ni sky ( 1981) assumes t hat
I D=I D+I 1( p) : Pr of i t s ar e spent i n t he I sect or . Heal and McLeod ( 1984)

have st udi ed mor e gener al adj ust ment pr ocesses f or t he Nor t h- Sout h mod-

el , i n par t i cul ar , one wher e a pr opor t i on X of pr of i t s i s spent on basi cs

and t he r est on i ndust r i al goods . For each ( di sequi l i br i um ) pr i ce vect or

p = ( PB, l , w, r ) , t hi s changes t he demand equat i on ( 4 . 6) f or basi cs i nt o

DB( p) -
wL( p) +r K( p) - I D + XI I ( P)

PB PB

WL( p) +r K( p) - I D SB( p) ( PB- a, w- c, r ) X

PB

	

PB

Si nce SB( p) =( c2L( p) - a2K( p) ) / D, we obt ai n

w X c 2 a, w c2 c, r
DB( P) =L( P) C- +- Cc2-

	

-

PB D PB PB

r

	

a2a, w a2c, r I D
+K( P)

I PB
- DCat -

	

PB

	

PB

	

~~

	

PB .

Ther ef or e, t he new excess demand f unct i on f or basi cs DB( p) - SB( p) i s



1 . 730-

1 . 725-

1 . 721-

1 . 720-

1 . 715-

1 . 710

PB

WDB=DB( S) +DB( N)

WSB=SB( S) +SB( N)

B

1 . 80-

1 . 75

1 . 72

1 . 70-

1 . 65-

WDI =DI ( S) +DI ( N)

- - - - - - - - - - - - - - - - - - - - - -

WSI =SI ( S) +SI ( S)

3 . 34 3 . 36 3 . 38 3 . 40

	

10 . 50 10 . 75

	

11

Fi gur e 3 . [ Lef t ] Si mul at i on of t he wor l d' s di sequi l i br i um suppl y and demand cur ves : wor l d mar ket f or basi cs . Cur ves wer e
si mul at ed f r om t he gi ven dat a set at t he equi l i br i um cor r espondi ng t o I D( N) = 7 . 0 . WSB = wor l d di sequi l i br i um suppl y of
basi cs ; WDB = wor l d di sequi l i br i um demand f or basi cs . The wor l d mar ket f or basi cs i s st abl e when a ( S) i s l ar ge, and c2 / D <
2w/ PB i n t he Sout h, Pr oposi t i on 12, Sect i on 4 . WSB= SB( N) + SB( S) ; WDB = DB( N) + DB( S) ; sl ope of WSB = - 0 . 38,
sl ope of WDB = - 0 . 22 .

Fi gur e 4 . [ Ri ght ] Si mul at i on of t he wor l d' s di sequi l i br i um suppl y and demand cur ves : wor l d mar ket f or i ndust r i al goods .
Cur ves wer e si mul at ed f r om t he gi ven dat a set at t he equi l i br i um cor r espondi ng t o I D( N) =7 . 0 . WSI =wor l d di sequi l i br i um
suppl y of i ndust r i al goods ; WDI =wor l d di sequi l i br i um demand f or i ndust r i al goods . The wor l d mar ket f or i ndust r i al goods
i s al so st abl e, under t he condi t i ons of Pr oposi t i on 12, Sect i on 4 . WSI =SI ( N) +Sl ( S) , WDI = DI ( N) +DI ( S) ; sl ope of
WSI =2 . 27, sl ope of WDI =0 . 29 .

B
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r wPB

	

( X - 1) c2 __X

	

c 2 a 1 w

	

c2 c, r
DB( p) - SB( p) =L( p) L- +

	

D

	

D ( PB

	

+ Pe ~_

r ( X- 11) ) a2 X a 2 a 1 w a 1 c 1 r
+K( p) I P -

	

D

	

- D(
PB

	

+
PB

I D

PB

Ther ef or e, when a i s suf f i ci ent l y l ar ge, t hi s excess demand f unct i on i s

domi nat ed by t he t er ms i n a, t hat i s, by

a[ CpB/ 2+

x'

PBD

l ) cz _

pBD
( Ca, w+c 2 c, r ) J,

and t hus t he si gn of t he par t i al der i vat i ve of t he excess demand f unct i on

f or basi cs wi t h r espect t o t hei r pr i ce i s t hat of

2w2 ( 1 - X) c 2 w 2Xw
a -

pe
+

	

pBD

	

+ peD( c2a, w+c2c1r )

I
Si nce al l t he t er ms i n X ar e posi t i ve, i t f ol l ows t hat t he l ar ger i s X, t hat i s,

t he hi gher t he pr opor t i on of pr of i t s spent on basi cs, t he mor e posi t i ve i s

t he expr essi on above, and t he l ess l i kel y i s st abi l i t y . When A= 0, al l pr of i t s

ar e spent on t he i ndust r i al good, and we r ecover t he r esul t s of Chi chi l ni sky

( 1981) : The above expr essi on r educes t hen t o aw/ pe( C/ D- 2w/ PB ) , whi ch

i s negat i ve when t he dual i t y condi t i on C2I D< 2w/ PB i s sat i sf i ed . Ther e-

f or e, t he most f avor abl e case f or st abi l i t y i s when pr of i t s ar e al l ocat ed t o

t he i ndust r i al sect or , and t he adj ust ment pr ocess i n Chi chi l ni sky ( 1981)

summar i zed i n Pr oposi t i on 11 above i s t he one most f avor abl e t o st abl e

mar ket s .

I t was al so st at ed i n Chi chi l ni sky ( 1981, p. 191) t hat t he wor l d mar ket

f or basi cs was st abl e under t he same condi t i ons, but t hi s was not pr oved

t her e . We pr ovi de a pr oof now:

Pr oposi t i on 12 . Consi der t he Wal r asi an adj ust ment pr ocess f or t he wor l d

economy descr i bed above, wher e t he pr i ce of basi cs r i ses wi t h t he wor l d

excess demand f or basi cs : JOB = WDB( p) - WSB( p) . Then t he wor l d econ-

omy i s st abl e when t he economy of t he Sout h has abundant l abor [ a( S)

l ar ge] and dual t echnol ogi es ( C2 I D< aw/ PB) .

Pr oof . Consi der a t r ade equi l i br i um i n t he Nor t h- Sout h model wher e

t he equi l i br i um expor t s of t he Sout h, X
S

( S) , ar e mat ched by equi l i br i um
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i mpor t s of t he Nor t h, - B( N) , and t he equi l i br i um expor t s of t he Nor t h,

S; ( N) , ar e mat ched by equi l i br i um i mpor t s of t he Sout h, S,° ( S) .

Ther e ar e now si x mar ket s : Two mar ket s f or commodi t i es, basi cs and

i ndust r i al goods, and f our mar ket s f or f act or s, capi t al and l abor i n each

r egi on . Not e t hat si nce f act or s ar e not t r aded i nt er nat i onal l y, t hey const i -

t ut e di f f er ent mar ket s i n each r egi on : A pr i ce vect or i s nowp = ( PB, p, ,

w( S) , w( N) , r ( S) , r ( N) ) . AWal r asi an adj ust ment pr ocess i s nowdescr i bed

by pr i ces i ncr easi ng wi t h t he wor l d excess demand. -

16B
=DB( S) ( p) - SB( S) ( p) +DB( N) ( p) - SB( N) ( p) =WEDB( p) ,

Pi =DI ( S) ( p) - SI ( S) ( p) +DI ( N) ( p) - SI ( N) ( p) =WEDB( p) ,

t i v( S) =DL( S) ( p) - SL( S) ( p) ,

	

r ( S) =DK( S) ( p) - SK( S) ( p) ,

f v( N) =DL( N) ( p) - SL( N) ( p) ,

	

t ( N) =DK( N) ( p) - SK( N) ( p) .

As bef or e, we assume t hat al l f act or s mar ket s cl ear and t hat i ndust r i al

goods ar e t he numer ai r e, so t hat bI = t i ~( S) = r ( S) = r ( N) = 0. Ther ef or e,

wages and pr of i t s al ways r emai n at t hei r equi l i br i um l evel s, and we onl y

need t o pr ove t hat t he f i r st di f f er ent i al equat i on i n JOB l eads t o st abi l i t y .

Suppl y of basi cs i s def i ned i n t he same way as bef or e . For any di sequi l i b-

r i um pr i ce vect or , we obt ai n one suppl y f unct i on f or each r egi on :

and

DB( S) ( p) = ( c2 ( S) L( S) ( p) - a2( S) K( S) ( p) ) / D( S)

SB( N) ( p) = ( c 2 ( N) L( N) ( p) - a2( N) K( N) ( p) ) / D( N) ,

wher e i n each r egi on

K( p) =SK( p) =( 3r +K and L( p) =SL( p) =aw/ PB+L

f or each ( di sequi l i br i um) pr i ce vect or p = ( PB, l , w( S) , w( N) , r ( S) , r ( N) ) .

Next we def i ne t he wor l d demand f or basi cs at any ( di sequi l i br i um)

pr i ce p . I n each r egi on Wal r as' l aw i s now

PBDB( p) +DI ( p) =wL( p) +r K( p) +r l ( p) +NX,

wher e NX denot es net expor t r evenues at pr i ce p. Thi s i mpl i es t hat at any

pr i ce vect or p, t he demand f unct i on f or basi cs i n each r egi on i s now

DB( p) =LWL( p) +r K( p) - I ° ( p) I I PB+A( NXI pB) ,

wher e t i s t he pr opor t i on of net expor t r evenues al l ocat ed t o t he Bsect or .

Her e we have assumed as bef or e t hat DI ( p) =I ° +I I ( p) , so t hat pr of i t s

ar e spent i n t he i ndust r i al goods .
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At an equi l i br i um, net expor t r evenues NX ar e, of cour se, zer o : Thi s i s

t he bal ance- of - payment s condi t i on . Out si de of an equi l i br i um, however ,

NX need not be zer o . However , t he wor l d' s net expor t r evenues, whi ch

ar e t he sum of t he Nor t h' s and t he Sout h' s, NX( N) +NX( S) , must be

zer o . I n par t i cul ar , when w( S) =j t ( N) , t hat i s, when t he same pr opor t i on

of expor t r evenues goes t o basi cs i n bot h r egi ons,

/ t ( NX( N) / PB) +j , ( NX( S) / PB) =0 .

Ther ef or e, t he wor l d excess demand f or basi cs ( WEDB) , whi ch i s t he

sum of t he Nor t h' s and t he Sout h' s, does not cont ai n any t er m i n NX.

We obt ai n

WEDB( p) =( DB( N) ( p) +DB( S) ( p) ) - ( SB( N) ( p) +SB( S) ( p) )

_ ( w ) 2r
( O z

	

w ( L- UC2

	

Oa z

	

K
a + +- +r +-

PB Pa PB D

	

D pB

+
Kaz _ Lcz

-
I °

+a( N) C
w( N) ) ' + O( N) r ( N) z

Dz

	

PB

	

PB

	

PB

w( N)

	

cx( N) c z ( N)

	

~3( N) az ( N) K( N)

PB+

	

C
L( N)

	

D( N)

	

~+r ( N)
~

	

D( N)

	

+

	

PB

	

)

+ K( N) az( N) - L( N) cz( N) -
I D

( N)

	

( 4 . 12)
D( N) 2 PB

wher e al l t he par amet er s ar e f or t he Sout h unl ess ot her wi se i ndi cat ed .

We may nowst udy t he st abi l i t y of t he wor l d mar ket f or basi cs, t hat i s,

t he si gn of t he par t i al der i vat i ve of WEDB( p) wi t h r espect t o t he pr i ce pB:

a
( WEDB( p) ) = a

w

	

cz - 2w

	

/ 3r z

	

Lw+r K

-

	

I

aPB

	

Pa ( D

	

PB ) Pa

	

+

Pa

+a( N)
w( N) C2 ( N) - 2w( N) - ~3( N) ( r ( N) ) z

PB D( N) PB

	

PB

L( N) w( N) +r ( N) K( N)
-

	

+
I ( N)

z

	

z ,
PB PB

wher e al l par amet er s, unl ess ot her wi se i ndi cat ed, ar e f or t he Sout h. Equa-

t i on ( 4 . 13) shows t hat when a( S) i s suf f i ci ent l y l ar ge i n t he Sout h, so t hat

t he t er ms i n x( S) domi nat e, ( a/ apB) WEDB( p) has t he si gn of t he ex-

pr essi on cxwl pB( cz/ D- 2wl pB) i n t he Sout h . Ther ef or e, when C2/ D<

2w/ pB i n t he Sout h, t he wor l d mar ket f or basi cs i s st abl e . As i n t he one-

r egi on case, t he wor l d mar ket f or i ndust r i al goods i s al so st abl e f r om

Wal r as' l aw. We have t hus pr oved Pr oposi t i on 12 .

( 4 . 13)
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To summar i ze : t he adj ust ment pr ocess def i ned i n Chi chi l ni sky ( 1981)

was anal yzed i n det ai l and ext ended t o t he t wo- r egi on economy . I t was

shown t o yi el d Wal r asi an st abi l i t y under t he condi t i ons post ul at ed i n Chi -

chi l ni sky ( 1981) . Thi s pr ocess has an el ement i n common wi t h t he pr ocess

def i ned i n Ar r owand Hahn ( 1971) f or const ant r et ur ns- t o- scal e economi es :

Some of t he mar ket s ( i n our case, f act or mar ket s) ar e al ways i n equi l i br i -

um. I t al so has an el ement i n common wi t h t he pr ocesses def i ned i n Sam-

uel son ( 1949) , Ar r ow and Hur wi cz ( 1963) , Mas- Col el l ( 1974) , and Heal

and McLeod ( 1984) : Ther e ar e nonzer o pr of i t s out si de of an equi l i br i um,

and t hese have i ndeed a nont r i vi al r ol e i n det er mi ni ng t he st abi l i t y of t he

model .

A f i nal t ask i s t o compar e t he st abi l i t y pr ocess i n Chi chi l ni sky ( 1981)

wi t h t he comment s of Fi ndl ay, Bhagwat i , Sr i ni vasan, Ranney, and Saav-

edr a . Al l t hese comment s ar e based on a par t i cul ar adj ust ment pr ocess

i ni t i al l y pr oposed by Fi ndl ay, as poi nt ed out by Sr i ni vasan and Bhagwat i

( 1984) , a pr ocess t hat i s qui t e di f f er ent f r om t hat i n Chi chi l ni sky ( 1981) .

Yet , wi t h t hi s di f f er ent pr ocess, t hese aut hor s st i l l obt ai n st abi l i t y of t he

model ( f or det ai l s, see not e 9) .

Fi gur es 2 and 3 of Bhagwat i and Sr i ni vasan [ f i r st pr oposed by Fi ndl ay

( 1984) ] ar e usef ul f or t hi s t ask . They st at e t hat ( di sequi l i br i um) demand

f or i ndust r i al goods i s const ant , t hat i s, DI ( p)
=1D

, and t her ef or e t hat t he

( di sequi l i br i um) demand f unct i on f or i ndust r i al goods i s a ver t i cal l i ne .

Yet we know f r om equat i on ( 4 . 7) t hat t he di sequi l i br i um demand f or i n-

dust r i al goods must necessar i l y be DI =I ° +I I ( p) ( ot her wi se Wal r as' l aw

i s vi ol at ed) and t her ef or e DI ( p) i s def i ni t el y not a const ant f unct i on be-

cause pr of i t s I I ( p) ar e not zer o out si de an equi l i br i um and i ndeed var y

wi t h p. The concl usi ons dr awn by t hese aut hor s, der i ved f r om t hei r as-

sumpt i on t hat DI i s a const ant , ar e t her ef or e i nappl i cabl e t o t he Nor t h-

Sout h model because t hey vi ol at e Wal r as' l aw. Thei r assumpt i ons r equi r e

t hat pr of i t s be al ways zer o out si de an equi l i br i um, t hat i s, equat i ons ( 4 . 1) .

The same pr obl emappear s i n Fi ndl ay and Sr i ni vasan and Bhagwat i ' s

anal ysi s of t he mar ket f or basi cs . The downwar d- sl opi ng cr oss- equi l i br i a

cur ve XB i s conf used t her e wi t h a di sequi l i br i um excess suppl y cur ve i n

t he usual sense, t hat i s, wi t h t he cur ve SB( S) - DB( S) , def i ned i n ( 4 . 9) and

i n page 190 of Chi chi l ni sky ( 1981) . Yet t he cur ves XB and SB( S) - DB( S )

ar e ver y di f f er ent i ndeed : I n f act , one i s downwar d sl opi ng pr eci sel y when

t he ot her i s upwar d sl opi ng : When c 2/ D< 2w/ PB, as shown i n Pr oposi -

t i on 2, dXB/ dPB i s negat i ve, whi l e a/ aPB( SB( S) - DB( S) ) i s posi t i ve, as

shown i n Pr oposi t i on 11 . Obvi ousl y
Xs i s not an excess suppl y cur ve i n

t he usual sense: Thi s was poi nt ed out i n Ar r ow ( 1981) as wel l . " The cor -

r ect di sequi l i br i um excess demand f or basi cs i n ( 4 . 9) has nonzer o pr of i t s
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out si de an equi l i br i um. However , si nce i n equi l i br i um pr of i t s ar e neces-

sar i l y zer o and t he t wo appr oaches di f f er onl y i n t he val ue of pr of i t s, t he

t wo appr oaches gi ve exact l y t he same set of equi l i br i a . Thi s expl ai ns why

al l t hese comment s agr ee on t he whol e wi t h t he compar at i ve st at i cs r e-

sul t s of Chi chi l ni sky ( 1981) , whi ch st udy pr oper t i es of t he set of equi l i br i a .

That i s, t her e i s agr eement on t he f act s t hat t he expor t vol umes of t he

Sout h ar e negat i vel y associ at ed t o t hei r pr i ce and t hat hi gher val ues of i n-

dust r i al demand i n t he Nor t h l ead t o l ower pr i ces and hi gher vol umes of

expor t s of basi c goods f r omt he Sout h ( when a i s l ar ge and CZ/ D< 2w/ PB

i n t he Sout h) . Ther e i s al so agr eement on t he f act t hat t he model i s st abl e,

even t hough st abi l i t y i s def i ned di f f er ent l y by some of t he comment at or s

( see not e 9) .

The di f f er ences t hat ar i se ar e t her ef or e r at her mi nor . Nei t her t he st a-

bi l i t y nor t he compar at i ve st at i cs r esul t s ar e quest i oned . The onl y poi nt

at st ake i s t he i nt er pr et at i on of how t he compar at i ve st at i cs r esul t s ar i se,

whi ch i s onl y nat ur al si nce t he adj ust ment pr ocess has been changed .

The di f f er ence of i nt er pr et at i on i s most acut e when some of t hese au-

t hor s st at e t hat a dr op i n t he Sout h' s t er ms of t r ade f ol l owi ng an expan-

si on of t he i ndust r i al demand i n t he Nor t h, " must f ol l ow f r oma decr ease

i n t he Nor t h' s demand f or basi cs . " 12 Thi s i s i ncor r ect . Bot h Pr oposi t i ons

3 and 5 of Sect i on 3 and Theor em 1 i n Heal and McLeod ( 1984) show t hat

t he t er ms of t r ade of t he Sout h dr op even wi t h an i ncr ease i n ( domest i c or

i nt er nat i onal ) demand f or basi cs i n t he Nor t h . Thi s poi nt has al so been

subst ant i at ed by t he si mul at i on r epor t ed i n Heal and McLeod, Sect i on 3,

Tabl e 2, wher e t he demand f or basi cs i n t he Nor t h r i ses and t he equi l i b-

r i um pr i ce of basi cs dr ops . Fur t her mor e, t he appendi x t o t hi s essay al so

shows numer i cal l y t hat an i ncr ease i n t he demand f or basi cs i n t he Nor t h,

DB( N) , accompani ed by a posi t i ve shi f t i n t he excess demand f or basi cs

of t he Nor t h, WD( whi ch i nt er sect s Ys f r omabove) , l ead t o a dr op i n t he

pr i ce of basi cs, PB, and i n t he pur chasi ng power of t he Sout h . Thi s i s due

t o t he f act t hat t her e i s al so a posi t i ve shi f t i n t he excess suppl y cur ve of

t he Sout h when I ° i ncr eases i n t he Nor t h . The poi nt i s si mpl e : I n a gen-

er al equi l i br i umcont ext , a change i n an exogenous par amet er l eads t ypi -

cal l y t o si mul t aneous changes i n excess suppl y and excess demand cur ves,

so t hat even i n st abl e mar ket s, an out war d shi f t i n excess demand may be

accompani ed by a l ower new equi l i br i um pr i ce .

I t i s easy t o t r ace t he sour ce of t he er r oneous concl usi on t hat a dr op i n

t he pr i ce of basi cs must be due t o a dr op i n t he Nor t h' s demands f or ba-

si cs . I t der i ves f r om t he conf usi on of t he cr oss- equi l i br i um cur ve Ys de-

f i ned i n Pr oposi t i on 2 wi t h t he act ual excess suppl y cur ve of basi cs of t he
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1 . 624

Fi gur e 5 . I nt er nat i onal mar ket f or basi c goods . Thi s f i gur e r epr oduces

Fi gur e 2( b) i n Chi chi l ni sky ( 1981) , wher e t he cur ves have been comput ed

numer i cal l y f r om t he basi c dat a set . For I D( N) =7 . 0, we obt ai n WD,

and f or I D( N) = 7. 1, we obt ai n ( WD) ' . Sl ope of XB= - 0 . 9, sl ope of

WD=- 1 . 1, sl ope of ( WD) ' =- 1 . 1 .

Sout h, def i ned i n t he appendi x of Chi chi l ni sky ( 1981) and i n equat i on ( 4. 9) .

The er r oneous concl usi on t hat a dr op i n t he pr i ce of basi cs must be due

t o a dr op i n t he Nor t h' s demand f or basi cs der i ves f r om a par t i al equi l i b-

r i um vi ew i n whi ch onl y one cur ve shi f t s at a t i me ( e . g . , excess demand

f or t he Nor t h) and i n whi ch t he zer o- pr of i t cr oss- equi l i br i um r el at i on XB
i s conf used wi t h an ( unmovabl e) excess suppl y cur ve. Wal r asi an st abi l i t y

of t he model , i n whi ch we al l agr ee, woul d i n t hi s er r oneous par t i al equi -

l i br i um vi ew l ead t o an excess demand cur ve t hat meet s XB f r om above

and must shi f t downwar d t o r each a l ower new equi l i br i um pr i ce . How-

ever , when t he cur ve Ys i s seen pr oper l y as an equi l i br i um l ocus, and i t

i s under st ood t hat t he excess suppl y and demand cur ves bot h shi f t wi t h
I D

( N) , t hi s par t i al equi l i br i um i nt er pr et at i on col l apses .

Pr oposi t i ons 3 and 5 and t he numer i cal si mul at i ons i n t he appendi x

show cl ear l y t hat t he t er ms of t r ade of t he Sout h dr op af t er an i ncr ease

I D( N) even when t he Nor t h' s demand f or basi cs i s hi gher ( i . e . , shi f t s out -

war d) at t he newequi l i br i um. Thi s occur s wi t hi n a Wal r asi an st abl e mar -

ket because bot h demand and suppl y cur ves var y si mul t aneousl y when

I D( N) i ncr eases . Fi gur e 2b i n Chi chi l ni sky ( 1981) i l l ust r at es t hi s f act . Thi s

f i gur e i s r epr oduced f r om a numer i cal si mul at i on of t he model i n t he ap-

pendi x ( Fi gs . 5 and 6) . I n a Wal r asi an st abl e mar ket , a dr op i n t he pr i ce

of basi cs wi l l cl ear l y f ol l ow an upwar d shi f t i n demand f or basi cs when

t he suppl y cur ve f or basi cs shi f t s suf f i ci ent l y . Thi s i s pr eci sel y what was

shown i n Chi chi l ni sky ( 1981) . When t he equi l i br i um val ue of i ndust r i al
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Fi gur e 6 . Si mul at i on of XB as a l ocus of equi l i br i a i n t he i nt er nat i onal

mar ket f or basi c goods . WD=DB( N) - SB( N) , WS =SB( S) - DB( S) ,

WD and WS cor r espond t o I ° ( N) =7. 0 . ( WD) ' and ( WS) ' cor r espond

t o I ° ( N) = 7. 1 . The cur ve Xa i s comput ed f r oma r ange of di f f er ent val -

ues of I ° ( N) , whi ch ar e of cour se associ at ed t o di f f er ent equi l i br i um

pr i ces PB. Sl ope of WD= - 1 . 1, sl ope of WS =1, sl ope of ( WD) ' = - 1 . 1,

sl ope of ( WS) ' =1 . 6, sl ope of XB = - 0- 9-

demand i n t he Nor t h I ° ( N) i ncr eases, bot h suppl y and demand cur ves

f or basi cs shi f t . Thi s i s because at t he new
I D

( N) , a new equi l i br i um set

of pr i ces emer ges ( pa, l , w* , r * ) , t he onl y set of pr i ces compat i bl e wi t h

t he new
I D

( N) . Fr omt he def i ni t i ons of t he suppl y and demand f unct i ons

f or basi cs [ equat i ons ( 4 . 3) and ( 4 . 6) ] , i t i s cl ear t hat bot h of t hese f unc-

t i ons shi f t at t he new equi l i br i um. Obvi ousl y, when bot h demand and

suppl y shi f t si mul t aneousl y, an i ncr ease i n demand may be accompani ed

by l ower pr i ces, wi t hi n a Wal r asi an st abl e mar ket . Thi s i s what was shown

t o happen i n Chi chi l ni sky ( 1981, Pr oposi t i ons 3 and 5) and i n t he appen-

di x t o t hi s chapt er .

I n sum: t he cur ve XB i s a cr oss- equi l i br i um l ocus of expor t vol umes

and expor t pr i ces and not a di sequi l i br i um excess suppl y cur ve val i d f or

t est i ng Wal r asi an st abi l i t y . Thi s was poi nt ed out cl ear l y i n Chi chi l ni sky

( 1981) and i n Ar r ow ( 1981) ( see not e 11) . The use of XB as an excess suppl y

cur ve i s not appr opr i at e f or t est i ng Wal r asi an st abi l i t y because i t r equi r es

pr of i t s t o be zer o out si de of an equi l i br i um, t hat i s, t he use of pr i ce equa-

t i ons ( 4 . 1) out si de an equi l i br i um. I n addi t i on, when pr i ce equat i ons ar e

assumed t o be sat i sf i ed at al l t i mes, f act or pr i ces ar e cont i nuousl y var yi ng

as f unct i ons of goods pr i ces, even t hough t he f act or mar ket s ar e cont i nu-
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ousl y at an equi l i br i um and t he excess demand i n t hese mar ket s i s al ways

zer o, wher eas i n a Wal r asi an adj ust ment pr ocess, t her e can be no pr i ce

changes i n a mar ket t hat r emai ns wi t h zer o excess demand . The di sequi -

l i br i um excess suppl y of t he Sout h, SB( S) - DB( S) , was def i ned i n Ap-

pendi x 2 of Chi chi l ni sky ( 1981) and i n equat i on ( 4 . 9) above and i s cl ear l y

ver y di f f er ent f r omXB.

A numer i cal si mul at i on of t he model pr oduces Fi gur e 2( b) of Chi chi l -

ni sky ( 1981) wi t h t he pr oper excess suppl y f unct i on of t he Sout h, S=

SB( S) - DB( S) ( see Fi gs . 5 and 6) . These f i gur es show XB as t he l ocus of

t he i nt er sect i ons of t wo cur ves : t he ( di sequi l i br i um) excess demand cur ve

of t he nor t h, WD, and t he ( di sequi l i br i um) excess suppl y cur ve of t he

Sout h, WS, at di f f er ent equi l i br i a . St abi l i t y i s t her ef or e per f ect l y consi s-

t ent wi t h a downwar d- sl opi ng cr oss- equi l i br i um r el at i on XB met f r om

above by t he Nor t h' s excess demand cur ve, WD, t hat i s, wi t h Fi gur e 2( b)

i n Chi chi l ni sky ( 1981) . Howt he Nor t h' s excess demand cur ve WD meet s

XB i s t ot al l y i r r el evant f or st abi l i t y ; what mat t er s f or st abi l i t y i s onl y how

each excess demand of t he Nor t h, WD, cr osses t he cor r espondi ng excess

suppl y of t he Sout h, WS. Si nce each excess demand WD i s downwar d

sl opi ng and t he cor r espondi ng excess suppl y WS i s upwar d sl opi ng, an

equi l i br i um i s obvi ousl y st abl e ( see Fi gs . 5 and 6) .

5

	

Concl usi ons and empi r i cal st udi es

Thi s chapt er summar i zes and ext ends t he model and r esul t s of Chi chi l -

ni sky ( 1981, 1984) .

Sect i on 2 est abl i shes uni queness of t he sol ut i ons and comput es an equi -

l i br i um expl i ci t l y .

Sect i on 3 gi ves st r ai ght f or war d pr oof s of Pr oposi t i ons 1, 2, and 3 i n

Chi chi l ni sky ( 1981) . I t al so obt ai ns new, mor e gener al pr oposi t i ons about

t he ef f ect s of an expor t expansi on . Necessar y and suf f i ci ent condi t i ons ar e

gi ven f or posi t i ve and negat i ve out comes of an expor t expansi on f or t he

Sout h. These condi t i ons ar e on t he i nt er nal st r uct ur es of t he economi es,

t echnol ogi es, f act or endowment s, and i ni t i al l evel s of t r ade and do not

depend on i nt er nat i onal el ast i ci t i es of demand . Out comes ar e i n gener al

negat i ve when

( a)

	

l abor i s abundant and t her e i s " dual i t y, " t hat i s,
C2

I D< 2w/ PB;

( b)

	

t he count r y expor t s a wage good and t her e i s dual i t y ; or

( c)

	

f act or endowment s ar e f i xed and t he count r y expor t s a wage

good .



40

	

Gr aci el a Chi chi l ni sky

We al so consi der ed cases wher e demand f or t he expor t good comes f r om

capi t al i ncome or f r oma combi nat i on of capi t al and wage i ncomes . Si m-

i l ar r esul t s obt ai n .

Under cer t ai n condi t i ons, f ol l owi ng an expor t expansi on of t he Sout h,

t he Nor t h consumes si mul t aneousl y mor e of bot h goods . I n cont r ast , t he

Sout h' s t er ms of t r ade, expor t r evenues, and consumpt i on al l decr ease .

Ther e i s t her ef or e a t r ansf er of wel f ar e f r omt he Sout h t o t he Nor t h, wor k-

i ng i t s way t hr ough t he oper at i on of compet i t i ve i nt er nat i onal mar ket s .

The ef f ect s of an expor t expansi on t ypi cal l y become posi t i ve when t he

Sout h i s mor e " homogeneous, " c 2I D> 2w/ PB. The condi t i ons f or posi -

t i ve out comes depend on t he i ni t i al vol ume of expor t s because t he si gn of

t he expr essi on c 2 I D- 2w/ PB changes as r eal wages adj ust t o t he new ex-

por t l evel s . Ther ef or e, t he r esul t s addr ess t he pr obl em of whet her t o i n-

cr ease or decr ease expor t s r at her t han a choi ce bet ween t r ade and aut ar -

chy . Domest i c pol i ci es may be used t o al t er t he si gn of t hi s expr essi on,

c 2/ D- 2w/ PB, or t he r esponsi veness of l abor t o r eal wage, l eadi ng t o a

mor e posi t i ve envi r onment f or expor t - l ed st r at egi es .

Sect i on 4 di scussed st abi l i t y . I t summar i zed t he adj ust ment pr ocess i n

Chi chi l ni sky ( 1981) and gener al i zed i t t o a t wo- r egi on economy . Thi s sec-

t i on shows t he r ol e of pr of i t s i n t he st abi l i t y of t he model and di scusses i n

t hi s cont ext sever al comment s on t he 1981 r esul t s .

The model i nt r oduced i n 1981 and devel oped f ur t her above shows t hat

under cer t ai n condi t i ons an expansi on of l abor - i nt ensi ve expor t s l eads t o

di sadvant ageous out comes f or t he Sout h, even when t hi s i s associ at ed t o

an expansi on of t he Nor t h' s demand f or basi cs . The cr i t i cal condi t i ons

concer n t he domest i c st r uct ur e of t he Sout h' s economy as r ef l ect ed by t he

i nequal i t y c2/ D: 2w/ PB, and t he r esponsi veness of l abor suppl i es t o r eal

wages . To eval uat e t he basi c st r uct ur e of t he model and t o t est i t s i mpl i ca-

t i ons f or par t i cul ar cases, a sequence of economet r i c case st udi es has been

under t aken . The f i r st of t hese i s r epor t ed i n Chi chi l ni sky, Heal , and Po-

di vi nsky ( 1983) . Thi s deal s wi t h t r ade bet ween Sr i Lanka and t he Uni t ed

Ki ngdom, whi ch i s char act er i zed by t he exchange of pr i mar y pr oduct s

( mai nl y t ea) f or i ndust r i al goods .

For t hi s empi r i cal i mpl ement at i on, t he equi l i br i um equat i ons of t he

Nor t h- Sout h model i n Sect i on 2 wer e t r eat ed ( i n r educed f or m) as de-

scr i bi ng t he l ong- r un st eady st at e of a dynami c syst em. The syst em was

t hen assumed t o adj ust t owar d t hi s st eady- st at e conf i gur at i on by a par t i al

adj ust ment pr ocess, i n whi ch i t adj ust s i n each per i od t o r emove a f r ac-

t i on of t he devi at i ons of i t s var i abl es f r om t hei r equi l i br i um val ues . Thi s
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i s a st andar d t i me ser i es i mpl ement at i on of an equi l i br i umor st eady- st at e

model .

The r esul t i ng syst em of nonl i near si mul t aneous equat i ons was est i -

mat ed usi ng a t went y- f i ve- year dat a ser i es by bot h nonl i near FI ML and

t hr ee- st age l east squar es . Ful l det ai l s of t he r esul t s ar e cont ai ned i n Chi

chi l ni sky et al . ( 1983) : These r esul t s conf i r med t hat a dynami c adapt at i on

of t he model def i ned by t he equat i ons i n Sect i on 2 can pr ovi de a good st a-

t i st i cal expl anat i on of pat t er ns of t r ade bet ween Sr i Lanka and t he Uni t ed

Ki ngdomand t hei r r el at i onshi p t o t echnol ogi es and f act or pr i ces . The case

st udy al so est abl i shed t hat i n Sr i Lanka, wher e l abor i s cer t ai nl y abundant ,

t he i nequal i t y c2 / D< 2w/ PB hel d f or ever y year but one i n t he sampl e pe-

r i od 1952- 80 . I n vi ew of Pr oposi t i ons 2 and 3 above, t hi s i mpl i es t hat dur -

i ng t he sampl e per i od a change i n demand i n t he Uni t ed Ki ngdomt hat l ed

t o an expansi on of Sr i Lanka' s expor t s woul d l ead i n st at i st i cal t er ms t o a

r educt i on i n Sr i Lanka' s r eal wages and t er ms of t r ade. St at i st i cal anal ysi s

of t he dat a conf i r ms t hi s r esul t . The case st udy t hus conf i r ms bot h t he ap-

pr opr i at eness of t he gener al st r uct ur e of t he model and t he pot ent i al i m-

por t ance of t he domest i c st r uct ur al i ssues t hat i t hi ghl i ght s .

Asecond empi r i cal st udy was under t aken i n Chi chi l ni sky and McLeod

( 1984) f or t he case of Ar gent i na and t he Uni t ed St at es . Her e t he economet -

r i c anal ysi s was r est r i ct ed t o t he est i mat i on of t he exogenous par amet er s of

t he model , i n par t i cul ar t he f act or suppl y equat i ons . The model was t hen

si mul at ed on t he basi s of t he est i mat i ons of t hese par amet er s . An empi r i cal

st udy of expor t l evel s and of t er ms of t r ade and r eal wages was under t aken

si mul t aneousl y . The r esul t s showed t hat when t he i nequal i t y c2 / D< 2w/ PB

was sat i sf i ed ( pl us or mi nus a st andar d devi at i on) , t er ms of t r ade wer e neg-

at i vel y associ at ed wi t h expor t vol umes ; ot her wi se, t he associ at i on was st a-

t i st i cal l y posi t i ve . Si mi l ar r esul t s wer e obt ai ned wi t h r espect t o changes i n

t he r eal wages . The model used f or Ar gent i na and t he Uni t ed St at es was

Nor t h- Sout h 11 si nce Ar gent i na expor t s a wage good, whi ch i s l abor i nt en-

si ve ( agr i cul t ur al pr oduct s) .

Appendi x

The f i r st f ew sect i ons of t hi s appendi x cont ai n a pr ogr am i n BASI C f or

sol vi ng t he model , and t he r esul t s of sever al comput er r uns t hat r epr o-

duce numer i cal l y t he compar at i ve st at i cs pr oposi t i ons i n Sect i on 3 and

t he st abi l i t y r esul t s i n Sect i on 4 . These wer e pr oduced by Eduar do- Jose

Chi chi l ni sky .
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a

	

Comput er code names f or t he var i abl es and par amet er s

Var i abl es and par amet er s

( Nor t h and Sout h)

Comput er

Sout h

code

Nor t h

a MS MN

( 3 NS NN

a, A1 A3

aZ A2 A4

C C1 C3

cz C2 C4

L LS L ( not LN)

K KS KN

D DS DN

A AS AN

V VS VN

C CS CN

W WS WN

r RS RN

L L1 L2

KS K1 K2

B° B3 B4

BS B1 B2

I ° 13 14

I s 11 12

XB X1 - X1

X,° X2 - X2



GNH : 666T
666TOS00 : uVal 30 dn0 ON sI sI HS : I NI Udr I : OOST

OOTT 0100 : 09VT

ZXzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" � =

	

( S) I QX � I NI Udr I

	

: OSVT

Tar I : TX " u= ( S) SSXu I NI ddr I : OVVT

Zdr I : ZI " 8T SKI " TI I NI Hdr l

	

: OE4T
T ar I : uaI u " 9T SKI I NI Hd' I

	

: OZVT

dr I : VT " 8T SKI " EI I NI Hdr I

	

: OTVT

T ar I : nSI u " 9T SKI I NI Hdr I

	

: OObT
Tar I : ZS " ST SKI ! TS I NI Udr I : 06ET
T aVuSSn " 9T SKI I NI ddr I

	

: 08ET
Tar I : 4S : ST SKI : £S I NI Hdr I

	

: OLET
T dr I : uSSn " 9T SKI I NI ddr I

	

: 09ET

Ta' I : Zx " 8T SKI ! TX I NI Hdr I

	

: 09ET

T ar I : uxu " 9T SKI I NI ddr I

	

: OV£T

Tar I : Zr I ' 8T

	

SKI " Tr I I NI Hdr I

	

: OEET

T ar I : ur I u : 9T SKI I NI Udr I : 0Z£T

Tdr I : xU" 8T SKI : SH SKI I xI Udr I : OT£T

T aV � 2I u " 9T SKI I NI Udr I : 00£T

T ar I : Sd/ NM" 8T SKVSd/ SM I NI Udr I : 06ZT
Tdr I " aSd/ Mu " ST SKI I NI 2i dr I

	

: 08ZT
Tar I : NM" ST SKI " SM I NI Hdr I : VLZT

T ar I : uMu " 9T SKI I NI Udr I

	

: ZLZT
I dr I : u : HI dOxu " 8T SKI " � : HI L10Su I NI 2i dr I : OLZT

Z ar I : Sd " � =

	

SCI� " 9 SKI I NI udr I : 99 ZT

TX* Sd=ZX : TS- ES=TX : 09ZT
xa/ ( zx t i K- zr l v0) =t i e : sa/ ( Tx zK- Tr I , ~zO) =£S : 09ZT

Sd/ ( zI - Zx* xU+Zr I * NM) =ZS : Sd/ ( TI - Tx* sd+Tr I * SM) =T8 : OVZT

xa/ ( Zr I * EO- ZX* £K) =bI : Sa/ ( Tr I * TO- Tx* TK) =EI : OEZT

xx+xH* xx=zx : SX+Sx* Sx=I x : OZZT

r I +Sd/ NM* NK=Zr I : Sr I +Sd / SM* SK=Tr I

	

: OT ZT

xa/ ( VK* Sd- EK) =xx : sa/ ( ZK* Sd- TK) =Sd : OOZT

xa/ ( E0- 40* Sd) =xM: Sa/ ( T0- ZO* Sd) =SM : 06TT

( ( NK+sV) * Z) / ( x +r - ) =Sd : 08TT

OOST OI OOxaHSO>x aI : OLTT

( xK+SK) * ( xn+sn) * V+r * r =x : ZI +TI +xO+SO=r : 09TT
( £K* EK* xx- i r 0* E0* NK+( xx* £K- r I * £0) * xa) * ( ( xa* x( 3/ T) =x0 : OSTT

( TK* TK* sx- ZO* TO* Si t +( sx* TK- sr I * TO) * Sa) * ( ( sa* / Sa) / T) =S0 : OVTT

( xa* xa) / E0* E0* NK=xn : ( Sa* sa) / TO* TO* sK=sn : OETT
( xa* xa) / vK* EK* xx=NK: ( SU* sa) / ZK* TK* Sx=SK : OZTT

OOST xaHSO=xa aT : OOSTxaHI 0=Sa aI : STTT

EO* VK- 40* EK=xa : TO* ZK- ZO* TK=Sa : OTTT

z dr l * ZI a � z( x) GI � I ncI NI * OOTT

TI : � z( S) GI � I ndNI * 060T
T 3r I : xxu' u " r I " u' u " 40 " u' u " £0 " 9 SKI I NI ddr I ' 080T

i ~K " u' u : £K: u' u " xx " u' u' xLI " u : HI 2i Oxu I NI Udr I ' OLOT

T 3r I " Sx " u' u " Sr I ' u' u' Z0 " u' u "' T0 " 9 SKI I MI l I dr I ' 090T

ZK" u' u : TK " u' u " Sx " u' u " SYI " u : HI I I OSu I XI Udr I : OSOT

T ar I : uSHal aKKUKdu LKI Udr I : T SZI so : I XSI : z ar I : OVOT

xx' r I ' t i 0' E0 " uL x' ~cr I ' Z0' T0 : HI 2i Oxu I ndNI : OEOT
i, K' EK' xx' KK" u ; . ZK' TK' KI SS' KHdr I K : HI UOxu I ndNI : OZOT

Sx' Sr I ' Z0' T0 " � L* x' * r I ' Z0' TO: HI I I OS� I f 1dNI : OTOT

ZK' TK' Sx' SK" uZZK' TK' KI SS' KHdr I K: HI nOS� I ncI NI : OOOT

Eb

l opour zl j nos- zl i j oA[ at / I j of zunr 2oi d

apna) q; nos - q) JON j o Si oagj wni r q! l mba j eaauag

q
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c

	

Comput er r uns

Dat a set : i ni t i al par amet er s

Sout h : 75 0. 025 4. 5 0 . 02 0. 01 3 - 2 2. 7 13 . 5

Nor t h : 6 9. 7 2 0 . 15 1 . 8 1 . 7 0. 5 12 3. 13

1° ( S) =4. 00

Run 1, I ° ( N) =6 . 00

	

Run 2, I ° ( N) =7 . 00

Sol ut i ons : endogenous var i abl es

a2 c,

d

	

Si mul at i on of compar at i ve st at i cs r esul t s

c2 L K D

Runs 1 and 2 r epr oduce numer i cal l y t he r esul t s of Pr oposi t i ons 2- 5 i n

Sect i on 3, and Pr oposi t i ons 1 and 3 i n Chi chi l ni sky ( 1981) .

The i ni t i al dat a show t hat l abor i s abundant i n t he Sout h [ a ( S) = 75 ]

and much l ess abundant i n t he Nor t h [ a( N) =6] . The dual i t y condi t i on

Sout h

Run 1 Run 2

Nor t h

Run 1 Run 2

pB 3 . 252 1 . 721 3 . 252 1 . 721

w 0. 7232 0. 3818 1 . 194 0. 3598

w/ PB 0. 2220 0. 2218 0. 3666 0. 2090

r 0. 3285 0. 3308 0. 4829 0. 5565

L 14 . 65 14 . 63 2. 7000 1 . 754

K 2. 70822 2. 70826 16 . 683 17 . 398

Bs 3 . 352 3. 248 0. 6667 0. 1190

B° 2. 297 1 . 443 1 . 621 1 . 925

XB 0. 9541 1 . 806 - 0 . 9541 - 1 . 806

I S 0. 89189 0. 8913 9. 108 10 . 108

I ° 4. 00 4. 00 6. 00 7. 00

X, ° 3 . 10810 3 . 10807 - 3 . 1081 - 3 . 10807

c2 / D- 2w/ pB - 0 . 2218 - 0 . 2214 - 0 . 1901 0. 1251
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C2 / D< 2w/ PB i s sat i sf i ed i n bot h r uns of t he Sout h . The Nor t h has mor e

abundant capi t al t han t he Sout h [ R( N) = 9. 7 wher eas / 3( S) = 0 . 025, and

K( N) =12 wher eas K( S) = 2. 7 ] . The l evel of dual i t y i s much hi gher i n t he

Sout h, D( S) =13 . 5, wher eas i n t he Nor t h, D( N) = 3 . 13 .

I n bot h r uns, t he i ndust r i al demand i n t he Sout h, I ° ( S) , i s equal t o

4. 00 . I n t he f i r st r un, t he i ndust r i al demand i n t he Nor t h i s 6 . 00 and i s

i ncr eased t o 7. 00 i n t he second r un.

As pr oved i n Pr oposi t i on 3 of Chi chi l ni sky ( 1981) and Pr oposi t i on 3 of

Sect i on 3, t hi s i ncr ease i n t he val ue of I ° ( N) has t he f ol l owi ng gener al

equi l i br i um ef f ect s : Expor t s of basi c goods i n t he Sout h, Xe, i ncr ease

f r om0. 9541 t o 1 . 806 ; t he pr i ce of basi cs PB decr eases f r om 3 . 252 t o 1 . 721 ;

wages i n t he Sout h decr ease f r om 0. 7232 t o 0. 3818 ; and consumpt i on of

basi cs i n t he Sout h decr eases f r om2 . 297 t o 1 . 443 . As pr oved i n Pr oposi -

t i on 4 of Sect i on 3, t ot al expor t r evenues of t he Sout h decr ease al so ( even

t hough expor t vol ume has i ncr eased) , f r om 3 . 10810 t o 3 . 10807 .

Fi nal l y, t hese r uns i l l ust r at e t he r esul t s of Pr oposi t i on 4 i n Sect i on 3 :

Fol l owi ng an exogenous i ncr ease i n i ndust r i al demand
I D

( N) , t he Nor t h' s

demand f or basi cs i ncr eases as wel l , f r om 1 . 621 t o 1 . 925 . Thus, an i ndus-

t r i al expansi on i n t he Nor t h [ a hi gher
I D

( N) ] l eads i t t o consume mor e of

bot h goods si mul t aneousl y, so t hat t he Nor t h' s wel f ar e st r i ct l y i ncr eases .

The Sout h, i nst ead, expor t s mor e basi cs at l ower pr i ces and consumes

f ewer basi cs at home . Real wages decr ease i n t he Sout h. Si nce I ° ( S) r e-

mai ns const ant , t he wel f ar e of t he Sout h st r i ct l y decr eases .

e St abi l i t y

The wor l d' s mar ket f or basi cs . Usi ng al ways t he same exogenous dat a,

we comput e nownumer i cal l y t he wor l d' s ( di sequi l i br i um) suppl y and de-

mand cur ves f or basi cs, cor r espondi ng t o a nei ghbor hood of t he equi l i b-

r i um gi ven by I D
( N) = 7 . 00, wher e t he equi l i br i um pr i ce i s pe =1 . 721 .

Fr omequat i on ( 4 . 6) , t he wor l d demand f unct i on f or basi cs i s WDB( p) _

DB( N) ( p) +DB( S) ( p) , whi ch equal s

a( N)

	

w( N)
2+

w( N) L( N) +r ( N) K( N) + O( N) ( r ( N) ) 2 - I D
( N)

( PB )

	

PB

	

PB

	

PB

w

	

2

	

wL+r k

	

Or 2

	

I ° ( S)

( PB)

	

PB

	

PB

	

PB

wher e as usual al l par amet er s and var i abl es ar e f r om t he Sout h unl ess
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Tabl e 1 . Numer i cal val ues f or Fi gur e 3, si mul at ed at t he equi l i br i um

wi t h I ° ( N) = 7. 0 .

ot her wi se i ndi cat ed . The wor l d suppl y f unct i on f or basi cs i s

WSB( p) =SB( N) ( p) +SB( S) ( p)

C2 N)

D( N) Ca( NPB( N)
+L( N) l +

DAN)
( a ( N) r ( N) +K( N) )

c 2 aw

	

a2

+ D~ PB
+Ll -

D
( ar +I K) .

Fi gur e 3 shows t hat t he wor l d' s mar ket f or basi cs i s st abl e when a( S) i s

l ar ge and c 2/ D< 2w/ PB i n t he Sout h, as pr oved i n Pr oposi t i on 12 of Sec-

t i on 4 and not ed on page 191 of t he Appendi x of Chi chi l ni sky ( 1981) . Tabl e

1 gi ves t he numer i cal val ues f r omt he comput er r uns of WSB and WDB,

depi ct ed i n Fi gur e 3 .

Pa

Wor l d

f or basi cs,

suppl y f unct i on Wor l d demand f unct i on

WSB° f or basi cs, WDB'

1 . 60 3. 6982 3 . 9433

1 . 61 3. 6690 3 . 8906

1 . 62 3. 6401 3 . 8388

1 . 63 3. 6115 3 . 7881

1 . 64 3 . 5833 3 . 7383

1 . 65 3 . 5555 3 . 6894

1 . 66 3 . 5280 3. 6415

1 . 67 3 . 5008 3. 5944

1 . 68 3 . 4740 3. 5482

1 . 69 3 . 4474 3. 5028

1 . 70 3 . 4215 3. 4582

1 . 71 3 . 3953 3. 4144

1 . 721 3 . 367 3. 367

1 . 73 3 . 3444 3. 3292

1 . 74 3 . 3193 3. 2877

1 . 75 3 . 2946 3 . 2470

1 . 76 3 . 2701 3 . 2070

1 . 77 3 . 2459 3 . 1676

1 . 78 3 . 2220 3 . 1289

1 . 79 3 . 1984 3 . 0909

1 . 80 3 . 1750 3 . 0536

Sl ope of WSB= - 0 . 38 . b Sl ope of WDB= - 0 . 22 .
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The wor l d' s mar ket f or i ndust r i al goods . We st udy next , f or t he same

dat a, t he st abi l i t y of t he i ndust r i al mar ket at t he same equi l i br i um, wher e

I D( N) = 7. 0 and pB=1 . 721 . We comput e numer i cal l y t he wor l d' s ( di s-

equi l i br i um) suppl y and demand f unct i ons f or i ndust r i al goods, WSI and

WDI , r espect i vel y . Fr omequat i ons ( 4 . 7) and ( 4 . 8) ,

WSI ( p) =SI ( S) ( p) +SI ( N) ( p)

=( a, I D) ( Or +K) - ( c, / D) ( aw/ PB+L)

+( a, ( N) / D( N) ) ( O( N) r ( N) +K( N) )

- ( c, ( N) / D( N) ) ( a( N) w( N) / PB+L( N) )

WDI ( p) =DI ( S) ( p) +DI ( N) ( p)

=I D( S) +I D( N) +I I ( S) ( p) +I I ( N) ( p)

=I D( S) +( PB - a, w- c, r ) I ( c 2 I D) ( awl p, +L)

- ( a2I D) ( Or +K) ]

+I D( N) +( pB- a, ( N) w( N) - c, ( N) r ( N) )

x I ( c2( N) / D( N) ) ( a( N) w( N) / PB) +L( N)

- ( a2( N) / D( N) ) ( O( N) r ( N) +K( N) ) ] .

Tabl e 2 gi ves t he numer i cal val ues of si mul at i ng WDI and WSI i n a nei gh-

bor hood of t he equi l i br i um wi t h I D( N) = 7. 0 and pB =1 . 721 .

Fi gur e 2b f r om Chi chi l ni sky ( 1981) . Next we r epr oduce, f or t he same dat a

base, Fi gur e 2b of Chi chi l ni sky ( 1981) . As di scussed i n Sect i on 4, t hi s f i g-

ur e depi ct s t wo cur ves : The cr oss- equi l i br i a r el at i on XB r el at i ng t he ex-

por t s of t he Sout h and t hei r pr i ce :

s >

	

> aa l a, cj - a, K I D( S)
XB=

	

2

	

c2- - . +
2

a2 - - +

	

. +
DPB (

	

PB

	

D

	

PB

	

DPB

	

PB

wher e al l par amet er s ar e f or t he Sout h ; and t he Nor t h' s di sequi l i br i um

excess demand f or basi cs, denot ed WD i n Chi chi l ni sky ( 1981) , whi ch f r om

equat i on ( 4 . 9) , i s

WD=DB( N) ( p) - SB( N) ( p)

a
_

	

w
2+ ar e +

w
L-

ace
+_

	

aa2 + K
) + Ka2- Lc2 - I D

( PB )

	

PB

	

PB

	

D

	

D

	

PB

	

D

	

PB
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Tabl e 2. Numer i cal val ues f or Fi gur e 4, si mul at ed at t he

equi l i br i um wi t h
I D( N) = 7. 0 .

° Sl ope of WSI = 2 . 27 .

	

b Sl ope of WDI = 0 . 29 .

wher e al l par amet er s and var i abl es ar e f or t he Nor t h . Tabl e 3 gi ves t he

numer i cal val ues of XBat di f f er ent wor l d equi l i br i a cor r espondi ng t o di f -

f er ent val ues of I D( N) ( and t hus t o di f f er ent pr i ces PB) and of t wo di s-

equi l i br i um excess demand cur ves of t he Nor t h, WD and ( WD) ' . WD i s

comput ed i n a nei ghbor hood of t he equi l i br i umgi ven by I D( N) = 7. 0 and

( WD) ' i s comput ed at t he equi l i br i um gi ven by I D( N) =7. 1 .

Fi nal l y, we consi der a f ul l ver si on of Fi gur e 2b i n Chi chi l ni sky ( 1981) ,

wher e XB i s pl ot t ed t oget her wi t h t wo ot her cur ves at t wo near by equi l i b-

r i a . These cur ves ar e excess demand of t he Nor t h, WD=DB( N) - SB( N) ,

and excess suppl y of t he Sout h, WS = SB( S) - DB( S) , bot h of whi ch ar e

di sequi l i br i um cur ves . Bot h WD and WS ar e comput ed f r om t he same

basi c dat a set ; WDand WS ar e comput ed i n a nei ghbor hood of t he equi -

Ps

Wor l d suppl y of

i ndust r i al goods,

WSI °

Wor l d demand f or

i ndust r i al goods,

WDI b

1 . 60 10 . 944 10 . 553

1 . 61 10 . 949 10 . 593

1 . 62 10 . 954 10 . 632

1 . 63 10 . 959 10 . 671

1 . 64 10 . 964 10 . 710

1 . 65 10 . 968 10 . 748

1 . 66 10 . 973 10 . 785

1 . 67 10 . 978 10 . 822

1 . 68 10 . 982 10 . 858

1 . 69 10 . 987 10 . 893

1 . 70 10 . 991 10 . 928

1 . 71 10 . 995 10 . 963

1 . 721 10 . 999 10 . 999

1 . 73 11 . 004 11 . 030

1 . 74 11 . 008 11 . 063

1 . 75 11 . 012 11 . 096

1 . 76 11 . 016 11 . 128

1 . 77 11 . 020 11 . 159

1 . 78 11 . 024 11 . 190

1 . 79 11 . 028 11 . 221

1 . 80 11 . 032 11 . 250
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Sl ope of XB= - 0 . 9; sl ope of WD= - 1 . 1 ; sl ope of ( WD) ' = - 1 . 1 .

l i br i um det er mi ned by I ° ( N) =7 . 0, and ( WD) ' and ( WS) ' ar e comput ed

f or t he equi l i br i um cor r espondi ng t o I ° ( N) =7 . 1 . The equat i ons f or WD

and WS wer e gi ven i n Chi chi l ni sky ( 1981) and i n Tabl e 3 of t hi s appendi x .

Tabl e 4 gi ves t he val ues of t he si mul at i ons of WS and WD depi ct ed i n

Fi gur e 6 .

f

	

The Nor t h- Sout h model and t he Ar r ow- Debr eu model

We now exhi bi t a ver si on of t he Nor t h- Sout h model as a par t i cul ar case

of t he Ar r ow- Debr eu model . Thi s ver si on of t he model appear s i n Pr op-

osi t i ons 8 and 9 .

Consi der an Ar r ow- Debr eu economy wi t h si x commodi t i es, t wo agent s,

and f our f i r ms . The commodi t i es ar e B, I , K( N) , L( N) , K( S) , and L( S) .

Fi r ms 1 and 2 pr oduce B and I usi ng L( N) and K( N) accor di ng t o t he

pr oduct i on f unct i ons

Bs =mi n( L( N) B/ a, , K( N) B/ c, ) , I s = mi n( L( N) ' / a 2 , K( N) ' / c 2 ) ,

wher e t he super scr i pt s B and I i ndi cat e t he sect or i n whi ch L( N) and K( N)

ar e used . Fi r ms 3 and 4 pr oduce B and I usi ng si mi l ar pr oduct i on f unc-

t i ons, but wi t h L( S) and K( S) as i nput s . Al l f our f i r ms ar e per f ect l y com-

pet i t i ve .

Pe XB

WD=DB( N) - SB( N)

at I ° ( N) =7 . 0

( WD) ' =DB( N) - SB( N)

at I ° ( N) =7 . 1

1 . 56 1 . 992 1 . 963 1 . 978

1 . 58 1 . 967 1 . 941 1 . 957

1 . 60 1 . 943 1 . 920 1 . 937

1 . 62 1 . 915 1 . 900 1 . 915

1 . 64 1 . 895 1 . 880 1 . 898

1 . 66 1 . 872 1 . 860 1 . 880

1 . 68 1 . 850 1 . 842 1 . 862

1 . 70 1 . 828 1 . 823 1 . 844

1 . 721 1 . 807 1 . 807 1 . 827

1 . 74 1 . 786 1 . 788 1 . 810

1 . 76 1 . 766 1 . 772 1 . 794

1 . 78 1 . 746 1 . 755 1 . 778

1 . 80 1 . 727 1 . 739 1 . 763
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Tabl e 4 . Numer i cal val ues f or Fi gur e 6. Q

Sl ope of XB= - 0 . 91 ; sl ope of WD= - 1 . 1 ; sl ope of WS =1 ; sl ope of ( WD) ' =

- 1 . 1 ; sl ope of ( WS) ' =1 . 6 .

b WD i s t he Nor t h' s excess demand f or basi cs, comput ed near t he equi l i br i um

det er mi ned by I ° ( N) =7. 0 and pa =1 . 721 . WS i s t he excess suppl y cur ve of t he

Sout h comput ed near t he same wor l d equi l i br i um. Not e t hat XB, WD, and WS

al l meet at pB =1 . 721 .

1 ( WD) ' i s t he Nor t h' s excess demand f or basi cs comput ed near t he equi l i br i um

det er mi ned by I ° ( N) =7. 1, and ( WS) ' i s t he excess suppl y of t he Sout h comput ed

near t he same equi l i br i um. XB, ( WD) ' , and ( WS) ' al l meet at pB=1 . 62.

Agent I has t he i ni t i al endowment vect or ( i n t er ms of t he commodi t i es

def i ned above)

( 0, 0, 0, 0, K( S) , L( S) ) ,

and agent 2 has t he endowment vect or

( 0, 0, R( N) , L( N) , 0, 0) .

For any val ues of K( S) , L( S) , K( N) , and L( N) , agent 1' s pr ef er ences ar e

of t he f or m i ndi cat ed i n Fi gur e 7. Thi s i mpl i es t hat t her e exi st s an e > 0

such t hat f or any pr i ce PB> E t hi s agent consumes t he f i xed amount I D( S)

of good I , and t he r est of hi s or her i ncome i s used t o consume good B.

Thi s agent wi l l consume zer o amount s of al l ot her commodi t i es . Agent 2

has si mi l ar pr ef er ences, but t he " ki nk" occur s at
1=1D

( N) .

pB WDb WS XB ( WD) ' ' ( WS)
,

1 . 56 1 . 963 1 . 619 1 . 992 1 . 978 1 . 858

1 . 58 1 . 941 1 . 649 1 . 967 1 . 957 1 . 879

1 . 60 1 . 920 1 . 677 1 . 943 1 . 937 1 . 897

1 . 62 1 . 900 1 . 702 1 . 915 1 . 915 1 . 915

1 . 64 1 . 880 1 . 726 1 . 895 1 . 898 1 . 930

1 . 66 1 . 860 1 . 748 1 . 872 1 . 880 1 . 944

1 . 68 1 . 842 1 . 769 1 . 850 1 . 862 1 . 958

1 . 70 1 . 823 1 . 788 1 . 828 1 . 844 1 . 969

1 . 721 1 . 806 1 . 806 1 . 806 1 . 827 1 . 980

1 . 74 1 . 788 1 . 821 1 . 786 1 . 810 1 . 989

1 . 76 1 . 772 1 . 836 1 . 766 1 . 794 1 . 997

1 . 78 1 . 755 1 . 850 1 . 746 1 . 778 2. 005

1 . 80 1 . 739 1 . 862 1 . 727 1 . 763 2. 011
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Fi gur e 7 . An agent ' s pr ef er ence cur ves .

We t hus have al l t he component s of an Ar r ow- Debr eu model : si x com-

modi t i es, t wo agent s wi t h t hei r endowment s and pr ef er ences, and f our

f i r ms and t hei r t echnol ogi es . The next st ep i s t o show how t he equi l i br i um

equat i ons of our Nor t h- Sout h model emer ge f r om t he equi l i br i umequa-

t i ons of t he Ar r ow- Debr eu model . The Nor t h- Sout h model i s def i ned by

t he t went y- ei ght equat i ons ( 2 . 1) - ( 2 . 11) f or each count r y and ( 2 . 12) - ( 2 . 18) ;

r ecal l t hat one of t hese l at t er seven equat i ons i s al ways sat i sf i ed wher e al l

ot her s ar e .

Equat i ons ( 2 . 1) and ( 2 . 2) f or t he Nor t h, t hat i s,

pB=a, w( N) +c l r ( N) ,

	

p, =a 2 w( N) +c 2 r ( N) ,

ar e t he zer o- pr of i t condi t i ons f or f i r ms 1 and 2, wher e w( N) i s t he equi l i b-

r i umpr i ce of commodi t y L( N) and r ( N) t hat of K( N) . These zer o- pr of i t

condi t i ons ar e sat i sf i ed at an equi l i br i um i n our Ar r ow- Debr eu model

because i t has const ant r et ur ns t o scal e .

Si mi l ar l y, we obt ai n equat i ons ( 2 . 1) and ( 2 . 2) f or t he Sout h; t hey ar e

t he zer o- pr of i t condi t i ons of f i r ms 3 and 4 i n t he Sout h . Each r egi on uses

speci f i c i nput s f or pr oduct i on .

Equat i ons ( 2 . 3) and ( 2 . 4) i n each r egi on ar e gi ven by t he i ni t i al endow-

ment s of our Ar r ow- Debr eu model . Equat i ons ( 2 . 5) and ( 2 . 6) ar e t he equi -

l i br i um condi t i ons i n t he mar ket s f or L( N) and K( N) and f or L( S) and

K( S) , r espect i vel y . Equat i ons ( 2 . 7) and ( 2 . 8) f or each r egi on si mpl y st at e
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t hat al l f i r ms use t hei r i nput s ef f i ci ent l y : They mi ni mi ze cost s . Equat i ons

( 2 . 9) and ( 2 . 10) ar e obt ai ned i n each r egi on f r om t he mar ket - cl ear i ng con-

di t i on i n mar ket s f or B and I of our Ar r ow- Debr eu model .

Equat i on ( 2 . 11) i n each r egi on der i ves f r om Wal r as' l aw, as we shal l

show i n t he f ol l owi ng . The t wo agent s maxi mi ze ut i l i t y subj ect t o t hei r

budget const r ai nt s . Consi der , f or exampl e, agent 1 ( t he Sout h) . Then at

t he pr i ce vect or

( pB, p, , w( N) , r ( N) , w( S) , r ( S) ) ,

t hi s agent consumes I ° and B° sat i sf yi ng

PBB° +p, I ° =w( S) L( S) +r ( S) K( S) .

I n vi ew of equat i ons ( 2 . 7) and ( 2 . 8) ( ef f i ci ent use of i nput s) , we have

w( S) L( S) +r ( S) K( S) =( a, W( S) +Cr ( S) ) Bs +( a2 w( S) +c 2 r ( S) ) I s .

By t he zer o- pr of i t condi t i ons ( 2 . 1) and ( 2 . 2) , t hi s i mpl i es

w( S) L( S) +r ( S) K( S) =pBBs
+p, I s .

Ther ef or e,

Si nce

PBB° +PI I ° =pBBs +p1I
S.

B° =Bs - XB and
I D

=I S+X° ,

i t f ol l ows t hat

so t hat

pB( BS- Xa) +PI ( I S+XD) =pBBs +pr I
S~

PBXB =PI X,° ,

whi ch i s equat i on ( 2 . 11) . Thus, equat i on ( 2 . 11) f ol l ows i n our Ar r ow-

Debr eu model f r om ut i l i t y maxi mi zat i on under a budget const r ai nt , zer o

pr of i t s, and cost - mi ni mi zi ng use of i nput s . Equat i ons ( 2 . 12) - ( 2 . 15) ar e

t he st andar d equi l i br i um condi t i ons i n t he Ar r ow- Debr eu model , and

equat i ons ( 2 . 17) and ( 2 . 18) f ol l ow f r om ut i l i t y maxi mi zat i on, wi t h t he

agent s' pr ef er ences def i ned i n Fi gur e 7 pr ovi ded t he equi l i br i um pr i ce PB

exceeds some E >0 . Ther ef or e, f or any ( nonzer o) equi l i br i um pr i ce pe
of t he Nor t h- Sout h model , we can f i nd a set of pr ef er ences ( and t hus an

E > 0) f or whi ch equat i ons ( 2 . 17) and ( 2 . 18) emer ge as t he usual ut i l i t y

maxi mi zat i on condi t i ons under a budget const r ai nt of t he Ar r ow- Debr eu
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model . Thi s shows t hat al l t he equat i ons of t he Nor t h- Sout h model ar e

equi l i br i um equat i ons of t he Ar r ow- Debr eu model .

The Nor t h- Sout h model ut i l i zed so f ar has f i xed f act or endowment s

[ L( S) =L( S) , K( S) =K( S) , L( N) =L( N) , andK( N) =K( N) ] . We have

shown t hat t hi s model i s a speci al case of t he Ar r ow- Debr eu model .

I t i s al so possi bl e t o consi der t he Nor t h- Sout h model wi t h " var i abl e

endowment s" ( a not at i on used i n t he l i t er at ur e on i nt er nat i onal t r ade) ,

wher e, f or exampl e, i n one r egi on

Ls = cxw/ PB+L .

I n t hi s case, t he r esul t i s as f ol l ows : At each equi l i br i um, t he equi l i br i um

equat i ons of t hi s Nor t h- Sout h model wi l l be t hose of an Ar r ow- Debr eu

model wher e i n addi t i on t o t he pr ef er ences and t echnol ogi es def i ned above,

t he suppl y of commodi t y L i s pr ovi ded by ut i l i t y- maxi mi zi ng behavi or

under budget const r ai nt s . The suppl y equat i on f or L def i ned above may

not emer ge as a suppl y f unct i on of t he Ar r ow- Debr eu model . However ,

at each equi l i br i um, t he suppl y LS i s f i xed, and i t can be descr i bed as t he

equi l i br i um l evel LS t hat emer ges f r om ut i l i t y- maxi mi zi ng behavi or i n a

st andar d Ar r ow- Debr eu model .

An equi l i br i um of t he Nor t h- Sout h model i s t hus al so an equi l i br i um

of a st andar d Ar r ow- Debr eu model .

1

	

" Pr act i cal men and economi c t heor i st s have al ways known t hat t r ade may hel p

some peopl e and hur t ot her s . " " What i n t he way of pol i cy can we concl ude

f r omt he f act t hat t r ade i s a pot ent i al boon? . . . Ver y l i t t l e" ( Samuel son 1962) .

2

	

Equat i ons ( 2 . 1) and ( 2 . 2) ar e equi val ent t o t he pr oduct i on f unct i ons when f i r ms

ar e compet i t i ve . I n equi l i br i um, pr of i t s ar e zer o so t hat r evenues equal cost s,

i . e . , pBBS=wL B+r KB. Now f r om t he pr oduct i on f unct i ons Bs =LB/ a l =

KB/ cl , so t hat pBBS=a, wBS+c, r Bs, or pB =a, w+c l r , equat i on ( 2 . 1) . Si mi -

l ar l y, one der i ves equat i on ( 2 . 2) .

3

	

Not e t hat when al l mar ket s cl ear , t he val ue of domest i c demand PBB° +p, I °

equal s t he val ue of domest i c i ncome wL+r K. Thi s i s Wal r as' l aw or t he na-

t i onal i ncome i dent i t y at t he equi l i br i um. Fr om equat i ons ( 2 . 1) - ( 2 . 11) , one

obt ai ns

PBB° +pr l ° =PB( BS- XBS) +p, ( I S+Xr° ) =pBBS +p, I
s

= ( a, w+c l r ) BI +( a2 w+CZr ) I s= wL+r K.

Sect i on f i n t he appendi x exhi bi t s pr ef er ences, endowment s, and t echnol ogi es

t hat t ur n t hi s model i nt o a st andar d Ar r ow- Debr eu model . The r esul t s ar e

unchanged.
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4

	

Al l r el at i ons i n t hi s model ar e homogeneous of degr ee 0 i n pr i ces, i . e . , onl y

r el at i ve pr i ces mat t er . Ther ef or e, one may nor mal i ze t he model by f i xi ng t he

pr i ce of one good ( t he numer ai r e) equal t o 1 .

5

	

Equat i on ( 2 . 15) i s not i ndependent : I t i s al ways sat i sf i ed when ( 2 . 11) i s sat i s-

f i ed i n each r egi on and ( 2 . 12) - ( 2 . 14) hol d .

6

	

Thi s i s not sur pr i si ng, si nce demand behavi or , or pr ef er ences, have not been

speci f i ed so f ar .

7

	

Exi st ence r equi r es st andar d r est r i ct i ons on t he exogenous par amet er s t o en-

sur e t hat t he equi l i br i um pr i ces ar e al l posi t i ve, e . g. , a, 1a2 >pB> c, / c2, wher e

pB sat i sf i es equat i on ( 2 . 22) .

8

	

Thi s obser vat i on and Fi gur e 2, whi ch i l l ust r at es i t , wer e suggest ed by Ron

Jones .

9

	

Ar r ow ( 1981, p . 2) st at es : " I ndi vi dual equi l i br i a ar e st abl e i n t he usual sense

of gener al equi l i br i um t heor y . " Gunni ng ( 1984) st at es, i n t he par agr aph af t er

equat i on ( 14) : " Hence equi l i br i um i s st abl e i n t he Wal r asi an sense . " Heal and

McLeod ( 1984, Sect i on 4) st at e : " I t wi l l be shown t hat under ei t her of t hese

appr oaches Chi chi l ni sky' s model i s st abl e under t he condi t i ons assumed i n

her paper . " Fi ndl ay' s ( 1982) l ast sect i on st at es : " Exami nat i on of t he st r uc-

t ur e of t he model shows t hat i t possesses a uni que equi l i br i um t hat i s Wal r as

st abl e . " Ranney ( 1984) , i n t he par agr aph af t er equat i on ( 6) , st at es : " Thus an

i ncr ease i n pB r esul t s i n a decl i ne i n t he pr oduct i on of I goods i n bot h coun-

t r i es, and t he model i s Wal r asi an st abl e . " Saavedr a ( 1984) st at es i n Sect i on 2 :

" We know f r omt he pr ecedi ng sect i on t hat Wal r asi an st abi l i t y of equi l i br i um

al ways hol ds i n t hi s model . " Fi nal l y, Sr i ni vasan and Bhagwat i ( 1984) st at e :

" One coul d not t her ef or e get a st r onger r esul t ; t he equi l i br i um i s uni que and

evi dent l y Wal r as- st abl e . "

10

	

Ar r ow and Hahn ( 1971, Chapt er 12, p . 317) def i ne an adj ust ment pr ocess

wher e t he pr i ce equat i ons ( 4. 1) hol d, but t hi s i s because t hei r commodi t y

mar ket s ar e assumed t o r emai n at an equi l i br i um t hr oughout , and t hei r f ac

t or mar ket s adj ust ( see t hei r p . 317, l i nes 21- 3) . Si nce commodi t y pr i ces ar e

i n equi l i br i um, pr of i t s ar e zer o . I n our case, i nst ead, f act or mar ket s r emai n

i n equi l i br i umand commodi t y mar ket s adj ust ; pr of i t s ar e not zer o .

11

	

The di f f er ence bet ween XB and an excess suppl y cur ve val i d f or st abi l i t y ana-

l ysi s was cl ear l y poi nt ed out i n Chi chi l ni sky ( 1981, f oot not e 10, p . 175, and

p . 189, l i nes 15- 31) . A si mi l ar poi nt i s made by Ar r ow( 1981, pp . 1, 2) : " Met h

odol ogi cal l y, t he paper s ar e exempl ar y appl i cat i ons of gener al equi l i br i um

anal ysi s . A cl ear di st i nct i on i s made bet ween t he downwar d sl opi ng r esponse

of t he economy as a whol e and suppl y cur ves i n t he st r i ct sense. The r eact i on

cur ve ( XB) l i nks al t er nat i ve equi l i br i a of t he economy and i s not a cur ve r el e-

vant t o any one equi l i br i um. I t i s shown, i n f act , t hat t he i ndi vi dual equi l i b-

r i a ar e st abl e i n t he usual sense of t he gener al equi l i br i um t heor y . " ( i t al i cs

added)

12

	

A cl ear ver si on of t hi s er r or appear s i n Fi ndl ay ( 1984) , who st at es : " A shi f t i n

t he demand of t he Nor t h t owar ds t he Sout h' s expor t s i n her model act ual l y

can onl y pr oduce t he compl et el y st andar d r esul t t hat i t woul d i mpr ove t he

t er ms of t r ade of t he l at t er . " Thi s comment , as al r eady not ed, i s i ncor r ect .
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