
Munich Personal RePEc Archive

International trade in resources: a

general equilibrium analysis

Chichilnisky, Graciela

Columbia University, Institute for Mathematics and its applications

University of Minnesota

1985

Online at https://mpra.ub.uni-muenchen.de/8356/

MPRA Paper No. 8356, posted 21 Apr 2008 03:03 UTC



A r epr i nt f r om

PROCEEDI NGS OF

SYMPOSI A I N

APPLI ED MATHEMATI CS

Amer i can Mat hemat i cal Soci et y

Pr ovi dence, Rhode I sl and



Pr oceedi ngs of Symposi a i n Appl i ed Mat hemat i cs

Vol ume 32, 1985

1 . I nt r oduct i on

I NTERNATI ONAL TRADE I N RESOURCES:

A GENERAL EQUI LI BRI UMANALYSI S

G. Chi chi l ni sky

Col umbi a Uni ver si t y

and

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

Physi cal consi der at i ons al one cannot expl ai n t he vol at i l e behavi or of

r esour ce pr i ces, or t he ef f ect s t hese have on di f f er ent r egi ons of t he wor l d .

	

An

opt i mi zat i on anal ysi s may not suf f i ce ei t her , si nce t ypi cal l y t her e ar e sever al

di st i nct obj ect i ves : conser vat i on, cost - mi ni mi zat i on, and t he maxi mi zat i on of

r evenues by r esour ce expor t er s . These i ssues r equi r e an economi c anal ysi s of

mar ket s .

Mar ket s f or r esour ces i nt er act r at her st r ongl y wi t h ot her mar ket s f or

goods such as f ood or i ndust r i al pr oduct s and f or i nput s t o pr oduct i on such as l abor

and capi t al .

	

Such i nt er act i ons ar e best st udi ed wi t h gener al equi l i br i um t ool s .

These t ool s expl ai n t r ade and t he det er mi nat i on of pr i ces acr oss di f f er ent mar ket s .

I n a gener al equi l i br i um model , di f f er ent economi c agent s have t ypi cal l y di f f er ent

obj ect i ves, a usef ul f eat ur e f or t he st udy of r esour ce mar ket s .

	

Tr ade i n r esour ces

t akes pl ace l ar gel y acr oss di f f er ent r egi ons, so one i s deal i ng wi t h i nt er nat i onal

t r ade .

A gener al equi l i br i um model of a mar ket economy consi st s of a set of

si mul t aneous, gener al l y nonl i near , equat i ons . A sol ut i on det er mi nes mar ket pr i ces

and t he quant i t i es empl oyed, pr oduced, consumed and t r aded by t he var i ous agent s

i n di f f er ent mar ket s .

	

One ai ms t o under st and t he qual i t at i ve changes of a sol ut i on

consequent upon changes i n t he exogenous par amet er s of t he syst em. Thi s i s

gener al l y accompl i shed by st udyi ng r el at i onshi ps bet ween t he var i abl es wi t hi n t he
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mani f ol d of sol ut i ons descr i bed as t he exogenous par amet er changes . Thi s met hod

i s cal l ed " compar at i ve st at i cs" : i t seeks t o expl ai n what det er mi nes t he out comes,

and how pol i ci es can be desi gned so as t o obt ai n desi r abl e sol ut i ons . The name

" compar at i ve st at i cs" i s somewhat mi sl eadi ng, si nce t he same met hod i s used t o

st udy t he asympt ot i c behavi or of dynami cal syst ems i n economi cs .

A syst em of si mul t aneous nonl i near equat i ons can easi l y become

unmanageabl e, and r equi r e comput er anal ysi s .

	

Comput er sol ut i ons cannot , how-

ever , di scl ose l aws of economi c behavi or , nor can t hey expl ai n why and how cer t ai n

pol i ci es wor k .

	

The chal l enge i s t her ef or e t o r epr esent t he economy by a set of equa-

t i ons whi ch i s suf f i ci ent l y si mpl e t o admi t anal yt i c or si mpl e i mpl i ci t sol u-

t i ons and t he st udy of t hei r qual i t at i ve behavi or , whi l e at t he same t i me

r et ai ni ng t he compl exi t y needed t o expl or e t he i ssues i nvol ved . Thi s paper

wi l l show how t o per f or m t hi s t ask and appl y t he r esul t s t o st udy pol i cy

i ssues i n t he ar ea of nat ur al r esour ces . We shal l anal yze :

1.

	

The connect i ons bet ween r esour ce expor t s, t hei r pr i ces, and t he

di st r i but i on of i ncome wi t hi n t he expor t i ng economy ;

2 .

	

When a count r y shoul d expor t mor e, and when l ess ;

3 .

	

How t he pr i ces of r esour ces af f ect empl oyment , out put and i ndust r i al

pr i ces wi t hi n a r esour ce i mpor t i ng r egi on ;

4 .

	

The ef f ect s of monopol i st i c r esour ce pr i ces on t he pr i ces of i ndust r i al

goods whi ch ar e t r aded i n exchange f or t he r esour ce :

5 .

	

Whet her or not hi gher oi l pr i ces l ead t o l ower GDP i n an i mpor t i ng

r egi on, and whet her t her e ar e cases wher e bot h t he buyer and t he sel l er

of a r esour ce may benef i t f r om a gi ven pr i ce change ;

6 .

	

The ef f ect s of l oans f r om a r esour ce i mpor t er t o a r esour ce expor t er

when t hese ar e used t o expand r esour ce- ext r act i on i n t he expor t i ng

r egi on ;

7 .

	

The ef f ect s of ( unpai d) l oans on t he pr i ce of t he r esour ces expor t ed ;
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8 .

	

The wel f ar e ef f ect s of l oans on t he l endi ng r egi on : can an ( unpai d)

l oan make t he l ender bet t er of f and t he bor r ower wor se of f and i f so,

under what ci r cumst ances?

The f ol l owi ng sect i ons wi l l pr esent gener al equi l i br i um model s of i ncr easi ng

compl exi t y desi gned t o anal yze t hese quest i ons, and t heor ems obt ai ned on t hese

i ssues .
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2.

	

The Nor t h- Sout h Model

A.

	

Speci f i cat i on of t he Model

Thi s sect i on summar i zes t he gener al equi l i br i um model i nt r oduced i n

Chi chi l ni sky ( 1981, 1983) .

	

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 ndust 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 oduces 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) . Basi cs can al so i ncl ude a

nat ur al r esour ce or a r aw mat er i al .

	

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 ndust r i al

goods usi ng l abor and capi t al , as descr i bed by t he Leont i ef pr oduct i on f unct i ons

BS = mi n( LB/ a l , KB/ c l )

I S = mi n( LI / a2 , KI / c 2) ,

wher e t he super scr i pt s B and I denot e t he sect or i n whi ch i nput s ar e used, and

t he super scr i pt $ denot es suppl y .

	

Ef f i ci ency r equi r es t hat f i r ms al ways use

f act or s i n f i xed pr opor t i ons :

LB/ KB = al / c l and LI / KI =
a2/ c2

.

We can now wr i t e t he equat i ons t hat speci f y 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

p
B

= a 1w+ c 1 r

	

( 2 . 1)

pI = a2w + c2r

	

( 2 . 2)

wher e pB and pI ar e t he pr i ces of B and I ; w and r ar e t he wages and t he r at e

of r et ur n on capi t al . Equat i ons ( 2 . 1) and ( 2 . 2) embody t he i nf or mat i on gi ven

by t he pr oduct i on f unct i ons f or B and I . 1

1 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
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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 :

LS =
a( w/ pB)

+ L

KS = ( 3r + K

We now gi ve mar ket cl ear i ng condi t i ons ( super scr i pt S denot es suppl y

der i ves equat i on ( 2 . 2) .

i . e . , t he val ue of expor t s equal s t he val ue of i mpor t s . 2

ar e compet i t i ve .

	

Pr of i t s ar e zer o i n t hi s case, whi ch means r evenues equal cost s,

i . e. , pBBS = wLB+ r KB.

	

Now f r om t he pr oduct i on f unct i ons BS=
LB/ a1

= KB/ c1,

so t hat pBBS =a 1wBS+c 1r BS, or pB = aI w+c 1r , equat i on ( 2 : 1) .

	

Si mi l ar l y, one

I t i s wor t h not i ng t hat i n t hi s model when al l mar ket s cl ear , t he val ue of domest i c

demand pBBD+pI I D equal s t he val ue of domest i c i ncome wL+r K. Thi s i s cal l ed

Wal r as' Law or t he nat i onal i ncome i dent i t y .

	

Fr om ( 2 . 1) - ( 2. 11) one obt ai ns :

pBBD+pI I D = pBB
S- XB) +p

I
( I

S
+XI I ) = pBBS+p?S = ( aI w+cI r ) BS+( a2w+c2r ) I S

= wL+r K.

	

I n vi ew of t hi s, and i t s homogenei t y pr oper t i es ( sol ut i ons onl y depend

on r el at i ve pr i ces) t he model i s consi st ent wi t h a st andar d Ar r ow- Debr eu gen-

er al equi l i br i um model , f or some set of pr ef er ences .

and D denot es demand) :

LS = LD ( 2 . 5)

KS = KD
( 2 . 6)

LD = LB + LI = BSa 1 + I Sa2 ( 2 . 7)

KD = KB + KI = B
S

c
1

+ I Sc2 ( 2 . 8)

BS = BD+XB, wher e XB denot es expor t s of B ( 2 . 9)

I
D D S

= XI + I , wher e XD denot es i mpor t s of I , ( 2 . 10)

nd
PBX

S D__

B PI XI
( 2 . 11)

( a> 0) , ( 2 . 3)

( ~ > 0) . ( 2 . 4)
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The Nor t h i s speci f i ed by a si mi l ar set of equat i ons ( 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 :

P
I

( S)

	

= pI ( N)

	

( 2 . 12)

PB( S) = pB( N)

	

( 2 . 13)

XS( S) = X
D

( N)

	

( 2 . 14)

Xi ( N) _ XP( S)

	

( 2 . 15)

wher e l et t er s S and N i n br acket s 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 1 , a2 , c 1 , c2 ,

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, 3

P
I

we have a t ot al of 26 i ndependent equat i ons : ( 2 . 1) - ( 2 . 11) f or Nor t h; ( 2 . 1) - ( 2 . 11)

f or Sout h, ( 2 . 12) t hr ough ( 2 . 14) and ( 2 . 16) . 4 Ther e ar e i n t ot al 28 endogenous

var i abl es ,

	

14 f or each r egi on : w, r , LS, LD, KS, KD, BS, BD, XB, I , I

	

, XI D,

pB'
pI . Ther ef or e t he syst em i s under det er n i medup t o t wo var i abi es5 Thus, we

D
now speci 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 ( S)

and i n t he Nor t h, I D( N) .

	

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

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 .

3 Al l r el at i ons i n t hi s model ar e homogeneous of degr ee zer o i n pr i ces, i . e . , onl y

r el at i ve pr i ces ( r at her t han t he pr i ce l evel ) mat t er . Ther ef or e, one nor mal i zes

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 .

4
I t i s easy t o see t hat ( 2 . 15) i s al ways sat i sf i ed when ( 2 . 11) i s sat i sf i ed i n each

r egi on and ( 2 . 12) t hr ough ( 2 . 14) hol d .

5 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 .



f or each r egi on, pl us I ( S) and I ( N) .
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The Nor t h- Sout h model i s, t her ef or e, a syst emof 26 equat i ons i n 26

var i abl es, dependi ng on 18 exogenous par amet er s : al , a2 , c 1 , c2 , a, L, A, K

D D

The economi es of t he Nor t h and of t he Sout h ar e i dent i cal except possi 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 uct ur al char ac-

t 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 a

met 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, i . e . , t he economy i s t echnol ogi cal l y homogeneous .

	

Thi s means

t hat a1/ c 1 ^ . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"
a2/ c2

so t hat t he det er mi nant D( N) of t he mat r i x of t echni cal coef -

f i ci ent s

a
1

a
2

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, i . e . , l ess r esponsi ve t o i ncr eases i n

t he r eal wage w/ p
B

.

	

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,

a( 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 : P( N) i s l ar ge,

and P( 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 whi l e 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.

Recal l t hat a Nor t h- Sout h economy i s def i ned by : equat i ons ( 2 . 1) t hr ough

( 2 . 11) f or each r egi on, and ( 2 . 12) t hr ough ( 2 . 15) .

	

Exogenous par amet er s ar e a1 ,

c 1 , a2 , c2 , a, 9, L, K f or each r egi on, and I D( S) , I D( N) .

	

Endogenous par amet er s

ar e pB, PI , w, r , LS, LD, KS, KD, BS, BD, XB, I S, I D, XD f or each r egi on .
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Ther ef or e t her e ar e t went y- si x i ndependent equat i ons i n t went y- si x var i abl es,

and ei ght een exogenous par amet er s .

Pr oposi t i on 1 . A Nor t h- Sout h economy has at most one sol ut i on .

	

Thi s sol ut i on

can be comput ed expl i ci t l y by sol vi ng one equat i on whi ch depends on al l exogenous

f or

of t r ade" of t he Sout h, si nce pI = 1) and obt ai n :

p 2 ( A + A( N) )

	

+ pB[ C + C( N)

	

+

	

I D( S)

	

+

	

I D( N) l

	

-

	

( V + V( N) )

	

= 0

	

( 2 . 22)

A = Pa
1
a

2~D
2

V=ac1D
2

We now r ewr i t e ( 2 . 17) as a f unct i on of one var i abl e onl y, pB ( whi ch i s t he " t er ms

par amet er s of t he model .

Pr oof . Fr om

XD( S) = XI ( N)

we have

I D( S) - I S( S) = I S( N) - I D( N) ( 2 . 17)

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

-
S

c
2
L a

2
K

B ( 2 . 18)
D

a

1

K- c

1

L

I S = ( 2 . 19)D

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

p
B

c
2

- c
1

w
=

( 2 . 20)
D

a
l

p

Bc2r = D . ( 2 . 21)



and

and wher e A, V and C have par amet er s 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
pB

as a f unct i on of al l exogenous

par amet er s of t he syst em.

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

	

Fr om

t hi s, ( 2 . 20) and ( 2 . 21) , one obt ai ns t he wol ut i ons wk 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 . 18) and ( 2 . 19) , ( B5' ~

and ( I
) * f or each r egi on .

	

Fr om( 2 . 9) we t hen obt ai n
( BD) *

f or each r egi on, and

( I D( N) ) '
x

i s comput ed f r om( 2 . 11) . Al l endogenous var i abl es have been comput ed,

and t he sol ut i on i s compl et e .

The next t heor eml ooks at t he qual i t at i ve behavi or of t he sol ut i ons as an

exogenous par amet er changes . We st udy changes i n t he l evel s of t he exogenous

par amet er I D( N) .

	

Si nce f or each I D( N) t her e i s a uni que equi l i br i um, we ar e

l ooki ng at a one- di mensi onal f ami l y of equi l i br i a . Al ong t hi s f ami l y of equi l i br i a

t he l evel of expor t s of t he Sout h changes .

	

We ar e i nt er est ed i n t he r el at i onshi p

acr oss equi l i br i a bet ween t he l evel of expor t s XS( S) and t he t er ms of t r ade, r eal

wages and consumpt i on of t he Sout h .

Theor em 2 .	 Consi der a Nor t h- Sout h economy as above wher e l abor i s ver y

abundant i n t he Sout h ( a( S) l ar ge) .	 Ani ncr ease i n t he vol ume of expor t s XS( S)

can l ead t o t wo di f f er ent out comes :

I NTERNATI ONAL TRADE I N RESOURCES

( ac 1c 2 - Aa 1a2)1

	

-

	

_

D

	

c
1
L - a

l
K +

	

D

I f at t he i ni t i al equi l i br i um c2/ D < 2w/ pB ( e . g . , t echnol ogi es ar e dual

i n t he Sout h, i . e . , D i s l ar ge) , t hen an i ncr ease i n expor t s l eads t o

l ower t er ms of t r ade f or t he Sout h ( pB) , l ower expor t r evenues ( pBXB) ,
l ower r eal wages ( w/ p) , and l ower domest i c consumpt i on ( B

D
) i nB

t he Sout h.

( 2)	 When c2/ D> 2w/ pB ( e . g . , t echnol ogi es ar e mor e homogeneous, or r eal

wages smal l er ) an i ncr ease i n expor t s l eads i nst ead t o hi gher expor t

r evenues ( pBX
S

) , hi gher t er ms of t r ade ( pB) , hi gher r eal wages ( w/ pB)

and hi gher consumpt i on i n t he Sout h.
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Pr oof ; Acr oss equi l i br i a, t he f ol l owi ng equat i on i s sat i sf i ed :

XS( S) = BS( S) - BD( S) -

( c2LDa2K)
- ( wL+r K - I

D
( S)

	

,

	

( 2 . 23)
B

	

p
B

wher e t he second equal i t y comes f r om ( 2 . 18) and t he Wal r as Law of f oot not e 2 .

Subst i t ut i ng L and K as f unct i ons of w and r , and w and r as f unct i ons of pB

( f r om ( 2 . 3) , ( 2 . 4) , ( 2 . 20) and ( 2 . 21) ) we obt ai n

XS( S) =

	

act

	

c

- c l	 + 9a1

	

a

- a l	 + c1L - a1K +
I D

S

B
D2p

2
pB D2

Z
pB

	

DpB	 p B
B

( 2 . 24)

We have t her ef or e expr essed t he l evel of expor t s XS as a f unct i on of t he t er ms

of t r ade pB onl y . We can now consi der t he der i vat i ve acr oss t he mani f ol d of

equi l i br i a of XS wi t h r espect t o
pB:

8XS	 acl

	

ac l	 ( 3ai

	

a1K - c1L

	

I D S-

22

	

p
B

	

- c 2

	

+

	

22

	

+

	

2
B

	

D p

	

p
D PB	 PB

	

B

When a i s l ar ge ( and ( 3 smal l ) 8XB/ apB has t he si gn of

_c2 _ _2w

D pB

by ( 2 . 20) .

	

Ther ef or e, when c 2 / D <
2w/ pB

( case ( 1) ) , an i ncr ease i n t he vol ume

of expor t s l eads t o a l ower sol ut i on val ue p' B; when c2/ D >
2w/ pB

t he opposi t e

S

	

S
i s t r ue : as X

B
r i ses, so does pB.

	

Our l ast t ask i s t o exami ne t he i mpact of X
B

on r eal wages, consumpt i on and expor t r evenues of t he Sout h.

I t i s easy t o check t hat i n case ( 1) ( c / D < 2w/ p ) expor t r evenues
2 B

pBXB
f al l as expor t s i ncr ease .

	

Thi s i s because a hi gher l evel of XS i n t hi s case

l eads t o a l ower
p' x

and f r om( 2 . 20) t o a l ower ( w/ p ) * and a hi gher r ' ' ` .

	

By ( 2 . 3) ,
B

	

B _

( 2 . 4) and ( 2 . 19) , t hi s means t hat ( I

S. ,

) ' ` i ncr eases .

	

Si nce I D( S) i s a const ant ,

D has decr eased.

	

Ther ef or e by ( 2 . 11) , ( p XS) "
x

X

	

dr ops . The opposi t e ef f ect s
I

	

B B
S

happen i n case ( 2) : pB i ncr eases, and so do pBXB and w/ PB.
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The ef f ect of expor t s on domest i c consumpt i on i s al so easy t o check .

I n case ( 1) ( c 2/ D < 2w/ pB) , p' B
dr ops, ( w/ pB) '

x
dr ops and r * i ncr eases .

	

Fr om

( 2 . 3) and ( 2 . 4) L* dr ops and K' ' ` i ncr eases .

	

Thi s means t hat ( BS) ' ' ` dr ops, f r om

( 2 . 18) . Si nce

BD = BS - XS .

( BS) *
dr opped and ( XB) ~

k
i ncr eases, ( B

D
) '

k
must now be l ower .

	

The opposi t e

happens when c2/ D>
2w/ PB.

	

Thi s compl et es t he pr oof .

I t i s of i nt er est t o exami ne what dr i ves t hi s r esul t .

	

For expor t s t o i ncr ease,

t he di f f er ence bet ween domest i c suppl y and demand f or basi cs must be wi der . I f

an i ncr eases i n pr i ces pB l eads t o pr opor t i onat el y hi gher i ncr ease i n demand t han

i n suppl y, t hen expor t s can onl y r i se when pr i ces dr op .

	

Thi s i s case ( 1) : t he

expr essi on c2/ D- 2w/ pB measur es t he r el at i ve st r engt h of t he suppl y and demand

r esponses as pr i ces pB change, c2/ D comi ng f r om t he suppl y and 2w/ pB f r om

demand . Not i ce t hat we do not r ef er her e t o st andar d suppl y and demand r esponses

t o pr i ces when al l ot her var i abl es ar e kept const ant .

	

We r ef er i nst ead t o gener al

equi l i br i umef f ect s : as pr i ces change ever yt hi ng el se does t oo : empl oyment , r eal

wages and t hus al so i ncome . Wage i ncome wL i ncr eases wi t h hi gher pr i ces pB,

so t hat t he gener al equi l i br i umef f ect of hi gher pr i ces on demand i s posi t i ve .

	

How-

ever , t he st andar d par t i al equi l i br i um ef f ect of pr i ces on demand, when al l ot her

var i abl es ar e const ant , i s i n gener al negat i ve .

	

Fr om t he pr oof of Theor em 2 we

obt ai n :

Cor ol l ar y 3 .	 The t er ms of t r ade of t he Sout h, pB, ar e al ways posi t i vel y associ at ed

wi t h wage i ncome wL and negat i vel y associ at ed wi t h capi t al i ncome r K ' n bot h

r egi ons .

The above r esul t s show how a syst em of 26 equat i ons i n 26 var i abl es can

be sol ved anal yt i cal l y t o yi el d qual i t at i ve r esul t s .

	

I n par t i cul ar we showed t he con-

nect i onacr oss equi l i br i a bet ween t he vol ume of expor t s of t he Sout h XB and mai n

aggr egat e var i abl es of t he Sout h: r eal wages, consumpt i on l evel s, expor t r evenues .
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Theor em 2 shows how t o answer quest i ons ( 1) and ( 2) i n t he I nt r oduct i on .

The connect i on bet ween expor t s XB and t hei r pr i ce i s gi ven by equat i on ( 2 . 24) i n

Theor em2 .

	

The di st r i but i on of i ncome, measur ed her e as t he r el at i ve l evel of

wages w ( or r eal wages w/ pB) and t he r et ur n on capi t al r , i s i n t ur n changi ng

wi t h expor t s t hr ough t he r el at i onshi ps ( 2 . 20) and ( 2 . 21) , as poi nt ed out i n Cor ol l ar y

3 .

	

Fi nal l y, Theor em 2 shows when a count r y shoul d expor t mor e ( a l ar ge,

c2/ D > 2w/ pB) or l ess ( a l ar ge, c2/ D < 2w/ pB) .

The next sect i on wi l l f ocus on t he r esponses of t he i mpor t i ng economy

t o exogenous changes i n r esour ce pr i ces .



3 . A Monopol i st i c Resour ce Expor t er

A.

	

Speci f i cat i on of t he Model
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The pr evi ous model deal t wi t h t r ade i n whi ch pr i ces adj ust so as t o cl ear

t he mar ket s . No si ngl e agent i nf l uences pr i ces ; t he economi c agent s ar e,

t her ef or e, " compet i t i ve . " Thi s sect i on wi l l deal i nst ead wi t h a case wher e one

r egi on f i xes t he pr i ce of t he r esour ce i t expor t s .

	

Thi s agent i s t her ef or e cal l ed

a monopol i st .

The model of t he l ast sect i on wi l l now be modi f i ed t o i ncl ude one mor e

i nput of pr oduct i on, oi l . The pr i ce of oi l i s now an exogenousl y set par amet er .

We shal l f ocus on t he ef f ect s of changes i n oi l pr i ces on t he economy of t he i m

por t er .

	

For t hi s pur pose we concent r at e on model l i ng t he economy of t he Nor t h.

Thi s model was i nt r oduced i n Chi chi l ni sky ( 1981b) .

The Nor t h pr oduces basi cs ( B) and i ndust r i al goods ( I ) usi ng capi t al ( K) ,

l abor ( L) and oi l ( 0)

BS = mi n( LB/ a 1 , 0B/ b l , KB/ c 1)

I S = mi n( LI / a2,
0

1
/ b2, KI / c 2) .

The " zer o pr of i t " pr i ce equat i ons, as expl ai ned i n t he pr evi ous sect i ons, ar e

pB
= a1w+ bI po + c I r p1	 ( 3 . 1)

pI
= a2w+

b2po
+ c, 2r pI ( 3 . 2)

K=( 3r , 0>0 .

	

( 3 . 4)

wher e pI r denot es her e t he " user ' s cost " of capi t al . Suppl i es of

depend on t hei r r ewar ds :

l abor and capi t al

LS
= aw/ pB , a > 0 ( 3 . 3)
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Next we f or mul at e a demand equat i on, whi ch subst i t ut es f or t he exogenousl y set

i ndust r i al demand I D of t he pr evi ous sect i on :

PBBD
= wL

	

( 3 . 5)

i . e . , wage i ncome i s spent on basi cs .

	

Thi s r el at i on i s not necessar y t o pr ove

t he r esul t s, but i t si mpl i f i es consi der abl y t he comput at i ons .

The mar ket cl ear i ng condi t i ons ar e

LD = LB + LI = a1 BS + a2I S ( 3 . 6)

KD = KB+ KI = c 1 BS + c2I S ( 3 . 7)

0
D I

= 0B +0 = b 1BS + b2I S ( 3 . 8)

KS = KD ( 3 . 9)

LD = LS ( 3 . 10)

0D = 0S ( 3 . 11)

BD = BS ( B i s not t r aded i nt er nat i onal l y) ( 3 . 12)

I D+ XI = I S ( XI ar e expor t s of I ) ( 3 . 13)

Pr XI
S D

= poXO ( val ue of expor t s of I equal s val ue of i mpor t s ( 3 . 14)

of oi l )

0D = XD ( t he Nor t h i mpor t s t he oi l i t consumes) ( 3 . 15)
0

and basi cs ar e t he numer ai r e

pB
= 1 ( 3 . 16)



As bef or e, t he Wal r as Law or nat i onal i ncome i dent i t y i s i dent i cal l y

sat i sf i ed when ( 3 . 1) t hr ough ( 3 . 15) hol d : t he val ue of domest i c demand equal s

t he val ue of domest i c i ncome

The monopol i st i c oi l - expor t er model i s speci f i ed as f ol l ows . I t s exogenous

par amet er s ar e t he t echni cal coef f i ci ent s al , a2, bl , b2, c 1 , c 2; t he suppl y par a-

met er s a and 0; and t he pr i ce of oi l , p
0

.

Ther e ar e si xt een endogenous var i abl es : pB,
PI ,

r , w, LD, LS, KD,
S D S D S S D D S

K , B , B , I , I , XI , 0

	

, X0 , 0 ; and si xt een i ndependent equat i ons ( 3 . 1)

t hr ough ( 3 . 16) .

	

Ther ef or e t her e ar e, as bef or e, as many var i abl es as i ndependent

equat i ons, and t he sol ut i ons wi l l gener al l y be ( l ocal l y) uni que .

	

The f ol l owi ng

r esul t s expl or e t he ef f ect s of changes i n t he exogenous pr i ce of oi l p
e

on t he f i f t een

endogenous var i abl es of t he Nor t h .

	

To si mpl i f y comput at i ons we now assume t he

f ol l owi ng st yl i zed condi t i ons :

I .

	

a1 b2 - a2b 1 = M> 0,

	

i . e . ,

	

B i s r el at i vel y mor e l abor -

i nt ensi ve and I mor e oi l - i nt ensi ve ;

I I .

	

c 1 = 0, i . e . , B r equi r es no capi t al i ncome ( t hi s condi t i on i s

not necessar y, but si mpl i f i es gr eat l y t he comput at i ons) ;

I I I .

	

b 1 i s smal l , i . e . , B r equi r es r el at i vel y f ew oi l i nput s .

wher e D = a1 c2 - a2c 1 .
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PBBD
+

PI I D
= wL + r K .

	

( 3 . 17)

Pr oposi t i on 4. The monopol i st i c oi l - expor t er model has at most

each pr i ce of oi l po. Thi s sol ut i on can be expl i ci t l y comput ed

equat i on .

one sol ut i on f or

by sol vi ng one

Pr oof . Equat i ons ( 3 . 6) and ( 3 . 7) i mpl y

BS = ( c 2L - a2K) / D ( 3 . 18)

and

I S = ( a 1K - c 1 L) / D ( 3 . 19)
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The pr i ce equat i ons ( 3 . 1) and ( 3 . 2) yi el d

and

Subst i t ut i ng i n ( 3 . 18) K and L f r om ( 3 . 3) and ( 3 . 4) and t hen w and r f r om ( 3 . 20)

and ( 3 . 21) one obt ai ns

B
S

( c
l
aw - a

2
0

r
)

	

ac
t

	

Pa2

	

LO

	

a2
=

	

=

	

2
( c 2 +poN- c1PI )

+

	

2

	

. - M+ - _D

	

D

	

D pI PI

wher e M= a 1b2 - a2b1 and N = c 1 b2 - bI c2 .

Fr om BD = wL and BS = BD, one obt ai ns, when pB = 1,

wher e

a

ac 2( c 2 +poN- c
l
p

I
) +

Pat

	

POM+
p

- al
( I

	

I

When c l = 0, t hi s yi el ds an expl i ci t r el at i on bet ween t he pr i ce of oi l and t he pr i ce

of i ndust r i al goods

w -
( PB

- bl
o) c2- ( PI

- b2Po) cl
( 3 . 20)

D

a ( p - b p ) - a ( P - b P )

r =
1 I 20 2 B t o

	

( 3 . 21)
D

= ar l
- bl po) c2

- ( pI - b2Po
c1J2

	

( 3 . 23)

Fr omequat i on ( 3 . 24) , t her e exi st s at most one sol ut i on pI f or each po.

Gi ven pi , we obt ai n al l ot her endogenous var i abl es as f ol l ows : w' x obt ai ns f r om

( 3 . 20) ,

	

r * f r om ( 3 . 21) ,

	

L* and K' k f r om ( 3 . 3) and ( 3 . 4) ,
( BS) *

and ( I S) * f r om

D
( 3 . 18) and ( 3 . 19) and ( B )

	

f r om ( 3 . 5) .

	

( 9D) *
= ( X~

	

obt ai ns f r om ( 3 . 8) , and

a
2

+ P
o
M

PI
' Yb

l po( bl po - 1)
+a l

( 3 . 24)

2

a c 2

p a
2



t her ef or e f r om( 3 . 14) one obt ai ns (

	

. Al l endogenous var i abl es ar e uni quel y

det er mi ned . Thi s compl et es t he pr oof .

The next r esul t s expl or e t he compar at i ve st at i cs pr oper t i es of changes

i n t he pr i ce of oi l , p
0

.

B.

	

Compar at i ve St at i cs Resul t s
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Theor em 5 . Cons i de r a monopol i st i c expor t er model as i n Pr oposi t i on 4. An

i ncr ease i n t he ( monopol i st i cal l y set ) _pr i ce of oi l has t he f ol l owi ng ef f ect s : I f

t he i ni t i al pr i ce of oi l i s l ow, i ncr eases i n t hi s pr i ce bene f i t _ t he_ expor t er ; _ t he

vol ume of i ndust r i al goods t r aded i n exchange f or oi l XI i ncr eases .

	

However ,

-

	

S
af t er a pr i ce p

o
has been r eached, t he vol ume of i ndust r i al expor t s XI decr eases

wi t h f ur t her i ncr eases i n t he pr i ce of oi l : t he monopol i st l oses f r om i ncr easi ng

h

	

r i ce po .

	

Ther e ar e t wo cases .

( A)

	

act < 2pa1a2 .

	

I n t hi s case po = 1/ 2b 1 , and t he r at e of pr of i t r r i ses

and f al l s wi t h t he l evel of expor t s XI , see Fi gur e

( B)

	

Pct > 29al a2 . I n t hi s case

-
	 1

	

( ' Y- 2a1) 1/ 2 1

Bet ween p
o

and 1/ 2b l , r i ncr eases and XS decr eases . Bet ween 1/ 2b and

S
( 1/ bl )

- po
t he opposi t e happens : XI i ncr eases and r dr ops . see Fi gur e 2 .

Ther ef or e i n case ( A) t he oi l expor t er and t he oi l i mpor t er can bot h benef i t

f r om an i ncr ease i n p
o

when po < 1/ 2b 1 and f r om a decr ease i n po when p
o

> 1/ 2b1 .

Thi s i s pr ovi ded t hat t hei r ai m i s t o maxi mi ze r et ur ns on capi t al ( r ) and t he vol ume

of i ndust r i al expor t s t r aded f or oi l ( X
I

) r espect i vel y .

I n case ( B) , t her e ar e ar eas wher e bot h t r ader s benef i t f r oma pr i ce

i ncr ease ( po <
po)

or f r om a pr i ce dr op ( po > ( 1/ b
l

) - po) .

	

Out si de t hose ar eas ,

t he t r ader s have conf l i ct i ng i nt er est s .
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Fi gur e 1 .

	

Case 1 : act > 20a 1a2, i . e . , r i s al ways bounded bel ow a l / 2D.

I n t hi s case, as t he pr i ce of oi l p

	

i ncr eases, t he vol ume of i ndust r i al

expor t s X( p ) , and t he r at e of r e?ur n on capi t al r ( p ) i ncr ease and

decr ease t oget her .

	

0



r , X

I NTERNATI ONAL TRADE I N RESOURCES

Fi gur e 2 .

	

Case 2 : I n t hi s case, t he r at e of r et ur n on capi t al r and t he l evel of

i ndust r i al expor t s t r aded f or oi l X, do not move i n t he same di r ect i on

i n r egi me B.

	

Ther e ar e t her ef or e r egi ons wi t h communi t y of i nt er est s

f or t he t r ader s, and ot her s wher e t her e ar e conf l i ct i ng i nt er est s .

93
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Pr oof .

	

By ( 3 . 21) r i s a f unct i on of pI and po .

	

By ( 3 . 24) p
I

= p, ( po) ,

	

These t wo

r el at i ons yi el d

so t hat

so t hat

r =
aa21

( P

	

- b1Po)

1

a

2

	

o

ac b
dr

	

=

	

2 1 ( 1 - 2pb) .
dpo	 Pa1a2

	

o 1

Al so, si nce XI = I S - I D,

	

f r om ( 3 . 19) , ( 3 . 5) and ( 3 . 17)

r

SX

	

= ,
( a 1

	 - r
2
)

	

( 3 . 26)

S
( a,

d

I
=~

D
_2r

d

r

po

	

po

An exami nat i on of equat i ons ( 3 . 25) t hr ough ( 3 . 27) suf f i ces t o pr ove t he r esul t s .

Equat i on ( 3 . 25) means t hat r i s a quadr at i c f unct i on of po , r 0 = 0 when

po
= 0, r 0 =0 when po

at t ai ns i t s maxi mumf easi bl e val ue 1/ b1 . The maxi mum

val ue of r ,

2

_1
ac

t

4 Pa
1a2

i s at t ai ned when po = 1/ 2b l .

	

Fr omequat i on ( 3 . 27) when a 1/ D > 2 max r , t hen

dXi / dpo has t he same si gn as dr / dpo .

	

Now, a1/ D > 2 max r i f and onl y i f

al

	

_1

	

ac
2

D

	

> 2 Pa 1a2

as i n Fi gur e 2 . Thi s compl et es t he pr oof .

i . e . , ac 2 < 20a a .

	

Thi s i s case ( A) , see Fi gur e 1

	

Case ( B) i s when ac 2 > 2~a a9

	

1) .

1 _

	

1_	 ~- 2a

	

1/ 2

	

2 _

	

1

	

1

	

( y- 2a
) 1/ 2)

po

	

2b

	

1

	

7

	

0

	

p0

	

2b
1

	

+

	

I t
1

( 3 . 25)

( 3 . 27)

'

	

2 12
I n t hi s case dX

I
I/ dpo has t he opposi t e si gn t o dr / dp

ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
" when p

0
1 < p

0
' < p2

0
, f or



The pr evi ous t heor em does not expl ai n t he i mpact of oi l pr i ces on t he

GDP of t he i mpor t i ng r egi on . Thi s i s measur ed as t he t ot al val ue of domest i c

out put mi nus t he val ue of i mpor t ed i nput s :

GDP = Y = pBB + pI I - po9 .

Theor em 6 .

	

For ver y l ow pr i ces of oi l , an i ncr ease i n po l ower s t he GDP of

t he i mpor t er . However , af t er a pr i ce p0 has been r eached, f ur t her i ncr eases

i ncr ease t he GDP, up t o p0 .

	

Fr om t hi s l at t er poi nt on, t he ef f ect of oi l pr i ces

on GDP i s agai n negat i ve .

Pr oof : Fr om( 3 . 3) , ( 3 . 4) , ( 3 . 5) and ( 3 . 17) ,

so t hat

dY

	

= a2w
dw

+ A
( r 2

+

	

I + p 2r
dr

	

( 3 . 29)
dp

	

dp

	

dp I dp
0

	

0

	

0

	

0

Not e t hat f r om ( 3 . 20)

Al so, si nce pBBD = wL = awl ,

I NTERNATI ONAL TRADE I N RESOURCES

( 3 . 28)

pod=
w

	

- b 1 c2/ D < 0

	

( 3 . 30)

D
dB

	

= a2w dw < 0 .
dp

o
dp

o

Fur t her mor e, r = 0 when p0 = 0 .

	

Ther ef or e ( 3 . 29) i mpl i es t hat f or smal l val ues

of P0, Y i s a decr easi ng f unct i on of p0 , dY/ dpo < 0 .

	

However , si nce dr / dp0 > 0

f or p0< 1/ 2b 1 and b1 ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 0, when
PO

exceeds a smal l val ue ( denot ed
po

) , Y i s

an i ncr easi ng f unct i on of t he pr i ce of oi l .

	

Thi s i s due t o t he f act t hat as p

	

i n-
0

cr eases, t he val ue of demand f or I ,
pI I D

i ncr eases, si nce dr / dp0 and dpI / dpo > 0

f or

1/ 2

PO
<

2b

	

1+(~

2~1
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Si nce b
l

i s r at her smal l , t he i ncr ease i n pI I D wi t hi n Y exceeds t he decr ease i n

D
pBB , so t hat Y i ncr eases wi t h t he pr i ce of oi l .

	

Fi gur e 3 i l l ust r at es t hi s r esul t

f r om a comput er si mul at i on of t he model .

Fi nal l y, when po exceeds a val ue

	

p40
, dY/ dpo t ur ns negat i ve agai n,

because r = 0 when po assumes i t s maxi mumval ue l / b l , dr / dpo < 0 f or

P
O

> l / 2b l , dBD/ dpo < 0 and r dpl / dpo i s bounded above by

si nce

Mae2b1

Pa
I a2

	

10

dp
I

	

M(
a1

+b1- , p0( b1p0 - 1) ) - ( a 2+paM) , yb1( 2p0b1 - 1)

dpo

	

( al +7bI po( pob1
- 1)

)

2

a
f or Y =

	

c
2
2/ a2 .

	

Thi s compl et es t he pr oof .

The l ast t wo t heor ems answer quest i ons 3, 4 and 5 of t he I nt r oduct i on .

They show how t he pr i ce of an i mpor t ed r esour ce af f ect s pr i ces, out put and expor t s

of t he i mpor t i ng r egi on .

	

They show how a monopol i st i c r esour ce expor t er shoul d

t ake i nt o account t he ef f ect of i t s pr i ces on t he i mpor t i ng economy : when t o r ai se

and when t o decr ease r esour ce pr i ces .

	

Fi nal l y, t hey demonst r at e cases wher e t he

i mpor t er and t he expor t er have a conf l i ct of i nt er est , and ot her s wher e bot h coul d

benef i t f r om a r i se, or a f al l , i n r esour ce pr i ces .

C. Comput er Si mul at i on

The f ol l owi ng i s a comput er si mul at i on of t hi s model .

	

The f ol l owi ng val ues

of t he exogenous par amet er s ar e gi ven :

Exogenous Dat a

a = 1 . 00 b =
l

0 . 10

= 2 . 00 b2 = 0 . 20

a
l

= 0 . 30 c
l

= 0 . 001

a2 = 0 . 20 c2 = 0 . 60
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As expl ai ned i n Pr oposi t i on 4, a sol ut i on of t he model i s comput ed by

r esol vi ng one equat i on i n po, equat i on ( 3 . 23) , and comput i ng al l ot her endogenous

var i abl es f r om po .

	

The f ol l owi ng t abl e r epr oduces t he numer i cal r esul t s f or

di f f er ent val ues of t he pr i ce of oi l , po .

	

Fi gur es 3 and 4 r epr oduce gr aphi cal l y

t hese r esul t s .

	

Fi gur e 3 i l l ust r at es t he r esponse of GDP = Y, t he r at e of r et ur n

on capi t al r , t he vol ume of i ndust r i al expor t s X, wages w and t he pr i ce of i n-

dust r i al expor t s, as t he pr i ce of oi l var i es .

	

Fi gur e 4 i l l ust r at es t he connect i on

bet ween oi l pr i ces po and oi l expor t s 8S, acr oss equi l i br i a of t he Nor t h- Sout h

economy .



TABLE 1

Exogenous

P
O

P
I

r w

Endogenous

Pi x Y 0
3

0. 0 0. 668901 0. 5574d- 02 3. 3332 0 . 337150d- 16 11 . 1111 1 . 01

0. 5 0 . 858613 0. 243452 3 . 16597 0 . 580648 10 . 1251 1 . 16

1 . 0 1 . 10132 0 . 456505 2 . 99832 1 . 20033 9. 44897 1 . 20
1 . 5 1 . 41239 0. 644688 2. 83030 1 . 84227 9. 18463 1 . 228
2 . 0 1 . 80953 1 . 807918 2. 66179 2 . 48953 9. 44742 1 . 244

2 . 5 2 . 30945 0 . 946045 2. 49272 3 . 12497 10 . 3476 1 . 249

3 . 0 2 . 91912 1 . 05883 2. 32303 3 . 73121 11 . 9419 1 . 243

3 . 5 3. 61864 1 . 14595 2. 15284 4. 29064 14 . 1388 1 . 225

4 . 0 4. 33894 1 . 20707 1 . 98254 4. 78579 16 . 5742 1 . 196

4 . 5 4. 95548 1 . 24203 1 . 81282 5 . 20000 18 . 5754 1 . 155

5 . 0 5 . 33000 1 . 25113 1 . 64444 5 . 51801 19 . 3906 1 . 103

5. 5 5 . 38881 1 . 23504 1 . . 47782 5 . 72565 18 . 6234 1 . 041

6 . 0 5 . 16262 1 . 19450 1 . 31278 5 . 80860 16 . 4559 0. 968

6 . 5 4. 75047 1 . 12996 1 . 14887 5 . 75144 13 . 4507 0. 884

7 . 0 4. 25777 1 . 04152 0. 985218 5 . 53761 10 . 2080 0. 791

7 . 5 3 . 76058 0. 929042 0. 821688 5 . 14990 7. 16683 0. 686

8 . 0 3. 30079 0. 792336 0. 657949 4. 57096 4. 57735 0. 571

8 . 5 2 . 89531 0. 631209 0. 493908 3 . 78351 2 . 55107 0. 445

9 . 0 2 . 54664 0. 445510 0. 329551 2 . 77048 1 . 11951 0. 307

9 . 5 2 . 25047 0. 235131 0. 164903 1. 51491 0 . 276035 0. 159

10 . 0 2 . 00000 0. 385923d- 01 0. 0 . 257568d- 15 0 . 595746 0. 000017
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The vol ume of oi l expor t s and t he pr i ce of oi l acr oss equi l i br i a .
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I n t hi s sect i on we ext end t he Nor t h- Sout h model t o st udy t he i mpact of

debt on t he r esour ce - i kr ' por t i ng and r esour ce expor t i ng economi cs .

	

We al l ow

her e f or an i mbal ance i n t he t r ade account , whi ch i s mat ched by an i nf l ow

of over seas i nvest ment or a f i nanci al t r ansf er . Thi s i mbal ance r epr esent s

t he debt owed t o f or ei gner s, and i s di r ect ed t owar ds t he expansi on of oi l

suppl i ed . Except f or t he wedge bet ween expor t r evenues and i mpor t cost s,

whi ch r epr esent s t he debt , t he model i s consi st ent wi t h a st andar d compet i t i ve

genpr al ' - equi l i br i unf i speci f i cat i on . The model was i nt r oduced i n Chi chi l ni sky,

Heal and I NSaLeod ( 1984) .

The i nt r oduct i on of t he debt wedge changes t he mai n r el at i ons i n t he model :

t he oper at i on of Wal r as' Law or t he nat i onal i ncome i dent i t y i n bot h count r i es i s

al t er ed. Over seas t r ansf er s l ead t o changes i n oi l suppl i es and consequent l y

most var i abl es adj ust . As t he debt i ncr eases, a new equi l i br i umemer ges wi t h

di f f er ent pr i ces and l evel s of i mpor t s and expor t s .

	

Ther e ar e al so changes i n

al l domest i c var i abl es i n bot h Sout h and Nor t h : r eal wages, pr of i t s, domest i c use

of i ndust r i al and consumpt i on goods, and empl oyment of t he f act or s l abor , capi t al

and oi l .

	

Thi s al l ows us t o t r ace t he i mpact of t he debt on t he maj or macr o var i -

abl es of t he t wo count r i es .

	

The model coul d al so be used t o exami ne t he i mpact of

r eschedul i ng, i . e . , r epayi ng t he debt over a di f f er ent t i me per i od, or of r epayi ng

i t at a di f f er ent r at e of i nt er est .

Fol l owi ng t he macr oeconomi c i mpact anal ysi s, t wo mai n quest i ons emer ge .

The f i r st i s, who benef i t s and who l oses f r om t he accumul at i on of debt ; and t he

second i s, whet her t her e exi st debt - management pol i ci es t hat coul d make bot h

count r i es bet t er of f , af t er t aki ng f ul l y i nt o account t he r ecycl i ng ef f ect of bor r owi ng

f unds on i mpor t s f r om t he l ender .

The i nt er est of t he r esul t s l i es i n par t i n t hei r si mpl i ci t y and i n par t i n

t he f act t hat t hey account f or t he i mpact of t he debt on al l mar ket s si mul t aneousl y .

Fai r l y si mpl e anal yt i cal sol ut i ons ar e obt ai ned t o t he r at her compl ex quest i ons

posed .

	

These ar e obt ai ned, of cour se, at t he cost of somewhat st yl i zed assumpt i ons .
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We descr i be condi t i ons under whi ch i ncr easi ng t he debt l eads t he count r y

t o expor t mor e oi l .

	

I n cer t ai n cases, t hi s l eads t o l ower pr i ces of oi l , l ower

vol umes of i ndust r i al i mpor t s, l ower r eal wages, and hi gher pr of i t s i n t he oi l

expor t i ng count r y .

	

I n ot her cases, t he r esul t s ar e r ever sed, and r eal wages,

consumpt i on, and t er ms of t r ade al l i mpr ove i n t he expor t i ng count r y .

	

The out -

come depends on t he t echnol ogi es of t he Sout h an on t he i ni t i al pr i ces .

We al so exami ne condi t i ons under whi ch t he economy of t he Nor t h act ual l y

benef i t s i n macr oeconomi c t er ms f r om i t s l oan t o t he Sout h: because of l ower oi l

pr i ces, t he consumpt i on of bot h goods i ncr eases i n t he Nor t h when t he t r ansf er

or l oan i ncr eases . Thi s occur s because t he t r ansf er l eads t o bet t er t er ms of

t r ade i n t he Nor t h, and because i t s pr oduct i on syst em i s r el at i vel y homogeneous .

Thi s r esul t i s r emi ni scent of t he ar gument t hat Br i t i sh i nvest ment over seas i n

t he ni net eent h cent ur y benef i t ed t he count r y by devel opi ng over seas suppl i es of

f ood and r aw mat er i al , t hus maki ng t hese suppl i es mor e el ast i c, keepi ng down

pr i ces, and i mpr ovi ng t he UK' s t er ms of t r ade .

	

Essent i al l y we ar e speci f yi ng

her e condi t i ons f or over seas i nvest ment i n mat er i al suppl i es t o benef i t t he i n-

vest i ng count r y even bef or e any f i nanci al r et ur ns ar e pai d, or i n t he case of a

l oan, bef or e t he l oan i s r epai d .

A.

	

Speci f i cat i on of t he Model

Ther e ar e t wo r egi ons, t he Nor t h and t he Sout h.

	

Each pr oduces t wo

goods, denot ed B and I , wi t h t hr ee f act or s of pr oduct i on,

	

capi t al , K;

	

l abor , L;

and oi l , 0 .

	

The Sout h expor t s an i nput , oi l , i n exchange f or a good, t he ' i ndust r i al "

good I .

	

The " basi c" good B i s pr oduced domest i cal l y and not t r aded i nt er nat i onal l y .

We f i r st speci f y t he model f or one r egi on, namel y t he Sout h.

	

I n what

f ol l ows, t he subscr i pt s S and D wi l l be used t o denot e suppl y and demand, and

t he super scr i pt s N and S t o denot e var i abl es or par amet er s r ef er r i ng t o t he Nor t h

and Sout h, r espect i vel y .

	

Al l var i abl es or par amet er s wi t hout a super scr i pt r ef er

t o t he Sout h.

	

The super scr i pt s B and I af t er a f act or ( e . g. ,

	

LB, KI ) denot e t he

amount of t hat f act or used i n sect or B or I , r espect i vel y .
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wher e r i s t he r at e of pr of i t .

	

pI and p
9

wi l l st and f or t he pr i ces of i ndust r i al

goods and of oi l , r espect i vel y .

	

The demand f or B der i ves f r om wage i ncome

PBBD
= wL

	

( 4 . 5)

The Sout h pr oduces oi l ( wi t hi n gi ven bounds) wi t hout usi ng ei t her domest i c capi t al

or l abor .

	

We shal l assume t hat i t uses t he over seas bor r owi ng or f i nanci al

t r ansf er FT t o i ncr ease i t s oi l suppl i es

8
S

= 0S( FT) ,

	

MS
/ 8FT > 0

	

( 4 . 6)

Thi s compl et es t he behavi or al speci f i cat i on f or t he Sout h.

The equi l i br i um condi t i ons f or t he Sout h ar e :

wher e B i s not t r aded i nt er nat i onal l y .

I D = I S +MI

	

( 4 . 8)

wher e MI denot es t he Sout h' s i mpor t s of I .

I NTERNATI ONAL TRADE I N RESOURCES

The basi c good i s pr oduced accor di ng t o t he r el at i on

BS = mi n
[ L B

/ a l , 0B/ b1, KB/ c11 ( 4 . 1)

and t he i ndust r i al good accor di ng t o

I
S

= mi n [ L' / a. , 6I / b2 , K' / c . ] ( 4 . 2)

Labor and capi t al suppl i es ar e r esponsi ve t o t hei r r ewar ds :

LS = aw/ pB , a > 0 ( 4 . 3)

wher e w i s t he wage and p
B

t he pr i ce of B, and

KS = Ar , 0 > 0 ( 4 . 4)



wher e FT denot es f i nanci al t r ansf er s .

Not e t hat FT coul d be ei t her posi t i ve or negat i ve, dependi ng on t he

r el at i ve magni t udes of t he debt ser vi ce and t he f i nanci al cr edi t .

	

However , t he

ef f ect of a t r ansf er ( FT posi t i ve) may not be symmet r i c wi t h t hat of a r epayment

( FT negat i ve) , because of t he i r r ever si bi l i t y of t he i nvest ment i n t he oi l sect or :

we assume t hat t he f i nanci al t r ansf er FT i s used t o pur chase i ndust r i al goods t o

augment t he suppl y of oi l . Thi s means t hat t he new i ndust r i al i nvest ment i n t he

oi l sect or i s pai d f or by f or ei gn l oans . Hence, oi l suppl i es eS change as t he debt

l evel changes ; t he debt i s assumed t o i ncr ease wi t h i ncr eases i n t he l evel of t he

t r ansf er ( FT posi t i ve) .

	

The bal ance- of - payment s condi t i on ( 4 . 15) i s t hat i mpor t s

of i ndust r i al goods exceed expor t r evenues by FT . As t he demand f or t he basi c

good B comes ent i r el y f r omwage i ncome ( 4 . 5) , t he nat i onal i ncome i dent i t y

( ( 4. 16) bel ow) i mpl i es t hat t he demand f or i ndust r i al goods comes f r om t he pr of i t

i ncome r K, oi l r evenues peX0, and t he bor r owi ng FT, wi t h t he l ast of t hese

goi ng t o t he oi l sect or .

	

I n t he Nor t h we make a cor r espondi ng assumpt i on, namel y

t hat t he f i nanci al t r ansf er t o t he Sout h i s t aken f r om i ncome t hat woul d ot her wi se

have pur chased i ndust r i al goods, so t hat t he Nor t h' s demand f or i ndust r i al goods

i s r K - FT.
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eS S
= eD

+X ( 4 . 9)

wher e X8 denot es oi l expor t s by t he Sout h,

KS = KD ( 4 . 10)

LS = LD ( 4 . 11)

LD = BSa 1 + I Sa2 ( 4 . 12)

KD = BSc 1 + I Sc 2 ( 4 . 13)

e
D

= BSb1 + I Sb 2 ( 4 . 14)

and t he payment s condi t i on

pex9 = pI MI
- FT , ( 4 . 15)



I n an equi l i br i um si t uat i on, Wal r as' Law or t he nat i onal i ncome i dent i t y

of t he Sout h i s al ways sat i sf i ed ( see Chi chi l ni sky, 1981a) , i . e . ,

wher e 0 = e
S

i s, as i n ( 4 . 6) , a f unct i on of FT .

	

Equat i on ( 4 . 16) can al so be r e-

wr i t t en as

pBBS
+ PI ( I S+ M- 5 = wL + r K +

pe( eD+X5
+ NF .

	

( 4 . 16) '

Thi s compl et es t he speci f i cat i on of t he Sout h.

The model of t he Nor t h consi st s of t he same 15 equat i ons, but wi t h possi bl y

di f f er ent par amet er s a, 0, a1,
a2,

b1 , b2 , c 1 , c 2 .

	

The f ol l owi ng equat i on now

subst i t ut es f or equat i on ( 4 . 6) i n t he Sout h:

Of cour se, t he equat i ons cor r espondi ng t o ( 4 . 8) and ( 4 . 9) r ef l ect t he f act t hat t he

I NTERNATI ONAL TRADE I N RESOURCES

pBBD - PI I D = wL + r K + pes + FT

	

( 4 . 16)

e
S

	

=

	

0

	

,

	

( 4 . 6) 1

wher e XI ' and M8 r epr esent , r espect i vel y, t he Nor t h' s expor t s of I and i mpor t s

of oi l .

	

Ther e ar e t her ef or e t wo set s of ei ght exogenous par amet er s each, one set

f or t he Nor t h and t he ot her f or t he Sout h .

	

Each set cont ai ns a, ( 3, al ,
a2,

b1,
b2,

c1 and c2 .

	

These par amet er s ar e gener al l y di f f er ent i n t he t wo r egi ons .

105

Nor t h i mpor t s oi l and expor t s i ndust r i al goods .

pr i ces of t he t r aded goods must be equal :

I n a wor l d t r ade equi l i br i um t he

S N

P0

__
P

0
( 4 . 17)

S N

pI

__

PI
( 4 . 18)

and t r aded quant i t i es must al so mat ch :

X0
S N

= M0 ( 4 . 19)

XI = MI ( 4 . 20)
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We make cer t ai n st yl i zed assumpt i ons t o si mpl i f y comput at i ons : a i s

l ar ge i n t he Sout h and r el at i vel y smal l er i n t he Nor t h, i ndi cat i ng t hat l abor i s mor e

" abundant " i n t he Sout h.

	

The cor r espondi ng par amet er s f or capi t al exhi bi t s t he

opposi t e behavi or : g i s l ar ge i n t he Nor t h t han i n t he Sout h. We shal l al so assume

t hat c 1 i s smal l i n t he Sout h, i . e . , t he pr oduct i on of basi c goods uses l i t t l e capi t al ,

and a2 i s smal l i n t he Nor t h, i . e . , Nor t her n i ndust r y uses l i t t l e l abor .

Ther e ar e a t ot al of 33 i ndependent equat i ons f or t he compl et e Nor t h- Sout h

syst em: t hi r t y cor r espond t o t wo set s of ( 4 . 1) t hr ough ( 4 . 15) , one set f or each r egi on,

and t hr ee equat i ons ar i se f r om t he i nt er nat i onal t r ade condi t i ons ( 4 . 17) t hr ough ( 4 . 20) ,

si nce of t hese f our , as usual , onl y t hr ee ar e l i near l y i ndependent .

	

Ther e ar e 17

endogenousl y- det er mi ned var i abl es each i n t he Nor t h and i n t he Sout h : pI .
p6' PB'

w, r , LS, LD, KS, KD, BS, BD, I S, I D, MI , 6S,
eD

and X0 .

	

Fi nal l y, we have t he

t r ansf er FT, maki ng a t ot al of 35 endogenous var i abl es f or t he compl et e Nor t h- Sout h

syst em. We t her ef or e have 33 equat i ons i n 35 unknowns . When we choose t he numer

ai r e ( pe = 1) an equi l i br i um i s det er mi ned up t o one var i abl e .

	

I f we f i x exogenousl y

one var i abl e, t he equi l i br i um i s ( l ocal l y) uni que . We choose t hi s var i abl e t o be t he

val ue of t he t r ansf er FT.

	

The t r ansf er or l oan t hus becomes a pol i cy var i abl e .

	

I n

t he f ol l owi ng we show how t o comput e expl i ci t l y a sol ut i on t o t he model , i . e . , a

val ue f or each of t he endogenous var i abl es f or each val ue of FT .

	

I n par t i cul ar , we

show t hat by successi ve subst i t ut i ons t he mor e i mpor t ant pr oper t i es of t he model

can be obt ai ned f r om t he st udy of a si ngl e e uat i on, gi vi ng an i mpl i ci t r el at i onshi p

bet ween t he f i nanci al t r ansf er FT and t he r el at i ve pr i ces of i ndust r i al goods and oi l .

Ther e ar e a number of det er mi nant s whose si gns ar e i mpor t ant i n t he

f ol l owi ng, and whi ch det er mi ne f act or i nt ensi t i es i n t he di f f er ent sect or s . We have

t he f ol l owi ng t echni cal i nput - out put coef f i ci ent s :

a
2

b
2

c
2

i n each r egi on .

	

The det er mi nant s t o be used ar e :

D

	

a 1c 2 - a2c 1

	

0

	

M

	

c1b2 - b1c2	 '

	

Q

	

a2b1 - a1b2



The assumpt i ons ar e :
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DN >0, DS >0, MS <0, QN <0 .

The posi t i vi t y of t he det er mi nant D i mpl i es t hat t he basi c goods sect or i s r el at i vel y

mor e l abor i nt ensi ve and t he i ndust r i al goods sect or r el at i vel y mor e capi t al i nt en-

si ve .

	

The assumpt i on ( made above) t hat t he basi c goods sect or uses ver y l i t t l e

capi t al i n t he Sout h i mpl i es t hat ci i s smal l and t her ef or e t hat MS < 0 .

	

The

i ndust r i al goods sect or i n t he Nor t h was assumed t o use l i t t l e l abor : hence a2 i s

smal l and QN< 0 .

I n or der t o sol ve t he model we consi der f i r st t he equat i on equat i ng oi l

expor t ed wi t h oi l i mpor t ed :

I n vi ew of ( 4 . 6) , ( 4 . 9) , and ( 4 . 6) ' ,

	

t hi s equal s

X8 = Me

	

( 4 . 21)

0S( FT) - 0 D = 0ND

	

,

	

( 4 . 22)

wher e t he l ef t - hand- si de var i abl es ar e f r om t he Sout h.

	

Fr om ( 4 . 14) , ( 4 . 12) and

( 4 . 13)

wher e

Ther ef or e, we may r ewr i t e ( 4 . 22) as

0
D

=

	

D
( c2L - a

2
K) +

D
( a1K - c

1
L)

0S( FT) - D P
M-

B

- D p M- DQ

B

M= c 1b2 - b1 c2 ,

	

Q

	

= a2 b 1 - a 1b2

N

	

N N
a- -

( w/
p ) NMN- - - ~-

	

,

	

( 4 . 24)
DN B DN

( 4 . 23)
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Equat i on ( 4 . 24) i s t her ef or e an i mpl i ci t equat i on i n f i ve var i abl es, whi ch we denot e

Our next st ep i s t o wr i t e t he r at e of pr of i t r and t he wage
w/ pB

i n t he t wo r egi ons

as f unct i ons of t he pr i ces of basi c and i ndust r i al goods, pB and
pI .

	

Recal l t hat

oi l i s t he numer ai r e ( pe = 1) .

	

Fr om t he pr oduct i on f unct i ons ( 4 . 1) and ( 4 . 2) we

obt ai n t he associ at ed compet i t i ve pr i ce equat i ons

pB
= a I w +

b1pe
+ c 1 r ,

	

pI
= a2 w+ b2

p9
+ c 2r ,

	

( 4 . 26)

pB
_ b

1~

	

_

pI
- b

2
=

c2pB_

	

cI pI
+M

w
_

	

D

i n f our , r at her t han f i ve, var i abl es :

0 ( FT, r , w/ pB, r N, ( w/ PB)
N)

= 0

	

( 4 . 25)

B DpB

a
2

w

r

si nce p
9

= 1 .

	

We t her ef or e obt ai n t he f act or - commodi t y pr i ce r el at i ons

( p

	

- b
1

) c
2

+ ( b
2

- p
I
) c

1B
w/ o

	

=

	

( 4 . 27)

( b 1 - pB) a 2 + a 1( pI - b2)

	

a
I

p
I

- a2pB + Q

r

	

D

	

D

Subst i t ut i ng w/ pB and r f r om ( 4 . 27) i nt o ( 4 . 25) , we obt ai n a new i mpl i ci t f unct i on,

r ~( FT, pr o PB' pB) = 0

	

( 4 . 28)

Recal l t hat pN may be di f f er ent f r om pS because B i s not t r aded i nt er nat i onal l y .
B

The l ast st ep i s t o subst i t ut e pB
and pB as f unct i ons of

pI
i nt o ( 4 . 28) .

	

Thi s wi l l

l ead t o an i mpl i ci t f unct i on i n t wo var i abl es

X( FT, pI ) = 0 .

	

( 4 . 29)



Si nce FT i s an exogenousl y gi ven par amet er , ( 4 . 29) i s an anal yt i c sol ut i on t o t he

model : f r om ( 4 . 29) we may comput e t he equi l i br i um l evel of i ndust r i al pr i ces

p ( FT) . I t i s easy t o check t hat once pI i s known, we may sol ve f or t he equi -

l i br i umval ues of al l ot her endogenous var i abl es .

	

Thi s wi l l be expl ai ned bel ow.

Now, i n or der t o obt ai n pB =
PB( PI ) , we use anot her mar ket - cl ear i ng

condi t i on, t hi s t i me i n t he B- mar ket :

Fr om ( 4 . 12) and ( 4 . 13) t hi s can be wr i t t en as

or

f r omwhi ch we obt ai n
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D

BS = BD .

	

( 4 . 30)

c2L - a2K

	

w
L

p
B

c2 w
~3a2r

	

2
a D

P
-

B

	

D

	

-
a( w/ PB)

	

= 0

2

w
=

c
2 +

	

c
2

-
Pa2r

pB D 4D2
Da

a t wo- br anched f unct i on r el at i ng w/ pB and r .

	

The di f f er ent par amet er val ues

wi l l det er mi ne whi ch i s t he appr opr i at e br anch i n ( 4 . 32) .

Usi ng agai n t he f act or - commodi t y pr i ce r el at i ons, ( 4 . 32) yi el ds an i mpl i ci t

r el at i on bet ween pB and p
i

as desi r ed :

c2 +

_ C2

	

l a2

	

1/ 2

M
c

2
c l pi

aDpB -
pB

	

4D2
- D2a ( R - a2pB+a1PI )

	

-

DpB

D+ DpB 0 .

Subst i t ut i ng ( 4 . 33) i nt o ( 4 . 28) , we obt ai n t he desi r ed r el at i on ( 4 . 29) bet ween FT

and pI ,

X( FT, pi )

	

= 0 .

( 4 . 31)

( 4 . 32)

( 4 . 33)



110

	

G. CHI CHI LNI SKY

Fr om ( 4 . 29) we may t hen comput e
pI

= pi ( FT) .

	

Fr om ( 4 . 33) we obt ai n p* ( N)

and p* ( S) , and f r omt hese t hr ee equi l i br i um pr i ces we obt ai n t he equi l i br i um

r at es of pr of i t r * ( N) and r ' k ( S) , and of r eal wages, ( w/ pB) * ( N) and ( w/ P
B

) ( S) .

Fr om t hese we obt ai n suppl y of l abor and capi t al i n t he Nor t h and t he Sout h, and

usi ng t he i nver si on of ( 4 . 32) and ( 4 . 33) we obt ai n t he out put of B and I i n bot h

r egi ons .

	

Fr om t he nat i onal i ncome i dent i t y we may comput e demand f or I i n

t he Sout h, whi ch det er mi nes i mpor t s f r om t he Nor t h, and f r om expor t s of oi l

f r om t he Sout h.

	

Fr om ( 4 . 14) we obt ai n oi l demanded i n t he Sout h, t hus com-

pl et i ng t he comput at i on of t he equi l i br i um.

B.

	

Mai n Resul t s : Tr ade and Debt

Thi s sect i on st udi es t he i mpact of a change i n t he net t r ansf er FT on t he

economi es of t he Nor t h and t he Sout h.

	

Bef or e goi ng on t o t he al gebr a, i t seems

usef ul t o expl ai n t he economi cs of t hi s i mpact .

An i ncr ease i n t he t r ansf er FT i ncr eases oi l suppl i es 9S, si nce t he

Sout h i nvest s bor r owed f unds i n expandi ng t he oi l sect or . At t he new equi l i br i um,

cor r espondi ng t o hi gher FT, t he t ot al amount of oi l ut i l i zed i n t he Nor t h and i n t he

Sout h t her ef or e i ncr eases .

	

Thi s i n t ur n al t er s t he suppl i es of bot h goods i n each

r egi on, possi bl y i n di f f er ent pr opor t i ons .

	

The composi t i on of t he pr oduct changes

i n bot h r egi ons .

The changes i n suppl i es l ead t o new equi l i br i um pr i ces f or t he t wo goods .

The pr i ces of t he f act or s l abor and capi t al al so change as r el at i vel y mor e or l ess

l abor and capi t al ar e empl oyed .

	

Thi s i mpl i es t hat t ot al i ncome i n t he Nor t h and

i n t he Sout h ar e di f f er ent at t he new equi l i br i um.

	

The r esul t s i n t hi s sect i on gi ve

si mpl e suf f i ci ent condi t i ons f or det er mi ni ng t he si gns of each of t hese ef f ect s .

The f i r st t heor em gi ves condi t i ons under whi ch an i ncr ease i noi l suppl i es

decr eases t he pr i ce of oi l wi t h r espect t o t hat of t he i ndust r i al good .

	

Whi l e i t i s

i nt ui t i vel y pl ausi bl e t hat t he pr i ce of oi l shoul d dr op as suppl i es i ncr ease, t hi s i s

not al ways t r ue .

	

The second t heor em gi ves condi t i ons under whi ch t he r el at i ve

pr i ce of oi l i ncr eases as t he t r ansf er i ncr eases oi l suppl i es . Whet her one or t he

ot her r esul t obt ai ns depends on t he r el at i ve st r engt h of suppl y and demand ef f ect s,



and t he gener al equi l i br i um sol ut i ons t r ace t hi s i n det ai l .

	

The r esul t s ar e obt ai ned

f r om var i ous assumpt i ons on t echnol ogi es and i ni t i al pr i ces .

The next st ep i s t o expl or e t he gener al equi l i br i um i mpact s of an i ncr ease

i n t he r el at i ve pr i ce of i ndust r i al goods .

	

The r at e of pr of i t r i ses bot h i n t he Nor t h

and i n t he Sout h.

	

I n t he Nor t h, t he r at e of pr of i t and t he r eal wage move t oget her ,

because t he Nor t h' s economy i s r at her homogeneous . Ther ef or e, bot h wage and

pr of i t i ncome i ncr ease i n t he Nor t h, and we show t hat t her e i s al so an i ncr ease i n

t he consumpt i on of bot h goods, even al l owi ng f or t he l oss of nat i onal i ncome due t o

t he t r ansf er . Al l t hi s occur s because t he t r ansf er has i mpr oved si gni f i cant l y t he

Nor t h' s t er ms of t r ade .

I n t he Sout h, because of t he r at her di f f er ent t echnol ogi es i n t he t wo sect or s,

t he r eal wage moves i n t he opposi t e di r ect i on t o t he r at e of pr of i t .

	

The t r ansf er

i ncr eases oi l suppl i es and oi l expor t s, but oi l r evenues i n t er ms of i ndust r i al goods

i mpor t ed ar e r educed . Wage i ncome and domest i c consumpt i on of basi cs decr ease

as wel l .

	

I f one sought t o i mpr ove wage i ncome wi t hout negat i vel y af f ect i ng i ndus-

t r i al consumpt i on i n t he Sout h, t he economy of t he Sout h woul d have t o be made

mor e homogeneous .

The second t heor em expl or es a di f f er ent set of assumpt i ons, and ar r i ves

at r at her di f f er ent concl usi ons .

	

Now t he t r ansf er i ncr eases oi l suppl i es, but i t

al se i ncr eases t he r el at i ve pr i ce of oi l wi t h r espect t o i ndust r i al goods .

	

As t he

t er ms of t r ade of t he Sout h i mpr ove, i t s macr o var i abl es r eact di f f er ent l y, and so

do t he var i abl es i n t he Nor t h .

	

The condi t i ons under whi ch one or t he ot her r esul t

obt ai ns ar e t her ef or e qui t e r el evant f or pol i cy, and shoul d be det er mi ned empi r i -

cal l y .

	

The si mul at i ons f or t he case of Mexi co i n Chi chi l ni sky, Heal and McLeod

( 1984) ar e a f i r st st ep i n t hi s di r ect i on.

A f act or t hat pl ays an i mpor t ant r ol e i n det er mi ni ng t he r esul t s of an

i ncr ease i n t he t r ansf er FT i s t he si gn of t he expr essi on

= [ c 2/ D - 2w/ pB]

wher e D i s t he det er mi nant of t he mat r i x

I NTERNATI ONAL TRADE I N RESOURCES
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a2 c
2

The r ol e and i nt er pr et at i on of t hi s t er m have been di scussed el sewher e ( Chi chi l ni sky,

1981a, b) .

	

Basi cal l y, t he si gn of t hi s expr essi on det er mi nes whet her i ncome ef f ect s

wi l l domi nat e pr i ce ef f ect s, so t hat i ncr eases i n suppl i es wi l l be pr opor t i onat el y

l ar ger or smal l er t han i ncr eases i n demand as pr i ces change .

	

We r ef er t o an

economy as dual i f c2/ D <
2w/ pB,

si nce a l ar ge D woul d have t hi s i nt er pr et at i on .

Conver sel y, t he economy i s homogeneous i f c2/ D > 2w/ pB.

	

I t shoul d be not ed t hat

t hi s condi t i on can be wr i t t en so as t o be i ndependent of t he par t i cul ar uni t s of mea-

sur ement used .

Theor em 7.	 Consi der a Nor t h- Sout h economy as def i ned above . Assume t he

economy of t he Nor t h t o be homogeneous ( c 2/ D > 2w/ pB) and t hat of t he Sout h t o be

dual ( c 2/ D < 2w/ PB) .

	

Suppose t hat at t he i ni t i al equi l i br i um t he pr i ce of i ndust r i al

goods and t he r at e of pr of i t ar e r el at i vel y hi gh i n t he Nor t h ( pI < b2 and 2r > a1/ D) .

Labor i s r el at i vel y abundant i n t he Sout h ( a l ar ge) and capi t al r el at i vel y abundant

i n t he Nor t h ( 0 l ar ge) .

	

I n t hi s case an i ncr ease i n t he t r ansf er FT t o t he Sout h has

t he f ol l owi ng conseauences :

Oi l suppl i es and oi l _ ex por t s i ncr ease i n t he Sout h .

The Nor t h expor t s, and t he Sout h i mpor t s, f ewer i ndust r i al goods .

However , t he t er ms of t r ade move i n f avor of t he Nor t h ( pI i n-

cr eases) so much t hat i t s expor t r evenues r i se .

	

Ther e i s a cor r e -

spondi ng f al l i n oi l expor t r evenues of t he Sout h denomi nat ed i n t er ms

of i t s i mpor t I .

( i i i )

	

Pr of i t s and r eal wages r i se i n t he Nor t h, so much t hat i t s consump-

t i on of bot h goods i ncr eases .

( i v)

	

I n t he Sout h _pr of i t s r i se, but empl oyment , r eal wages, and con-

sumpt i on of basi cs al l f al l .



Pr oof .

	

We consi der f i r st t he mar ket - cl ear i ng condi t i on i n t he oi l mar ket ,

Fr om( 4 . 6) , ( 4 . 9) , and ( 4 . 6) ' ,

	

t hi s equal s

Fr om( 4 . 14) ,

and f r om i nver t i ng ( 4 . 12) and ( 4 . 13) we obt ai n

I n vi ew of ( 4 . 3) and ( 4 . 4) , we may r ewr i t e ( 4 . 35)

of B and I :

0
D

=
D

( c 2L - a2K) +
D

( a 1K - c 1 L)

	

.

	

( 4. 37)

N

0
S

( FT) +
D P

M+
D

Q - - -
aN

( w/ pB) MN

	

N
Q

	

( 4 . 38)

B

	

D

	

D

wher e Mand Q ar e t he det er mi nant s def i ned above .

	

Equat i on ( 4 . 38) gi ves an

i mpl i ci t r el at i on bet ween r eal wages and t he r at es of pr of i t s i n bot h r egi ons, and

t he t r ansf er FT, whi ch we denot e as

[ r N, r S, ( w/
N,

( w/
S,

FT] = 0

	

.

	

( 4 . 39)

Si nce f act or pr i ces ar e f unct i ons of commodi t y pr i ces ( see ( 4 . 27) ) , we obt ai n f r om

t he subst i t ut i on of ( 4 . 27) i nt o ( 4 . 38) a f unct i on l i nki ng t he t r ansf er FT t o t he pr i ces

M

oS( FT) +

	

2

	

( c2pB _c l pI +M) +

D p
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X8 = Me

	

( 4 . 34)

0S( FT) - 0SD = 0
D

	

.

	

( 4 . 35)

0D = b 1 BS+
b2I S

	

( 4 . 36)

- pBa2+Q)
B

	

( 4 . 40)

N N

+

	

2 N

__2 M

	

( c 2 pB
- CNpI +MN) +

	

Q( pl aN - pBa2 +Q) = 0 .

( D
N

)

	

pB

	

(

	

)
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Equat i on ( 4 . 40) i s an i mpl i ci t f unct i on of t he f or m

r ( FT,
PI ,

PB. pB) = 0

However , t he pr i ces of basi cs p
S

and pB ( whi ch may be di f f er ent si nce basi cs

ar e not t r aded) ar e t hemsel ves f unct i ons of t he pr i ce of i ndust r i al goods pI i n

equi l i br i um.

Fr om equat i on ( 4 . 33) we obt ai n :

PB = PB( PI ) and
PB

= PB( PI )

Ther ef or e, ( 4 . 40) i s act ual l y an i mpl i ci t f unct i on of
pI

and FT onl y

or equi val ent l y i t s r eci pr ocal

MT,
pI )

= MT,
PI '

PS( P~' API ) ) = 0

	

( 4 . 41)

I t i s t hen possi bl e t o di f f er ent i at e i mpl i ci t l y acr oss equi l i br i a and obt ai n apI / aFT,

dpI = - l ap / I aFT,d

	

I

Thi s equat i on r epr esent s t he change i n t he pr i ce of i ndust r i al goods t hat f ol l ows

an i ncr ease i n t he t r ansf er FT .

	

By ( 4 . 40) and ( 4 . 6)

Ther ef or e t he si gn of ( 4 . 42) i s al ways t hat of - at ' / 8pI .

obt ai n

d8
df __S

d FT

	

dFT

We may now comput e t he der i vat i ve - 8r / apl .

	

Fr om ( 4 . 40) and ( 4 . 41) we

S

_dI ' _ _ apB _ aM

	

__

	

a2~

	

ac1M

	

PQal

d pI

	

apI

	

D2
p2

(

M

-

c
l PI )

	

D2	 + D2p

	

D2
B

	

B

a 'B

(

	

N

2MN

2
( MN- cNP) -

pI

	

( D

	

)

	

( PB)

	

1

	

1

( 4 . 42)

( 4 . 43)

aNcNMNzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
� NQNa'

2( DN) pB

( DN) 2



Fr om expr essi on ( 4 . 43) we may comput e t he changes i n p as FT changes, pr o-

vi ded we know t he si gns of t he der i vat i ves dpB/ dpI and dB/ dpI acr oss equi l i br i a .

The next st ep i s t her ef or e t o comput e t he si gns of t he der i vat i ves of t he

pr i ce of basi c goods pB wi t h r espect t o t he pr i ce of i ndust r i al goods pI acr oss

equi l i br i a i n each r egi on .

	

For t hi s we ut i l i ze t he expr essi on r el at i ng t he r eal wage

and t he r at e of pr of i t i n each r egi on, der i ved f r om t he mar ket - cl ear i ng condi t i on

BS
- BD

=0 :

pa - p a +Q
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~a ract
w

	

2

	

2- a( w/ p )

	

= 0

	

( 4 . 44)

( see equat i on ( 4 . 31) ) , and al so t he equat i ons r el at i ng f act or pr i ces t o commodi t y

pr i ces :

Fr om ( 4 . 46) , by t he i mpl i ci t f unct i on t heor em, i n each r egi on :

dpB _ _
dP CaP CaP

I

	

I B

Fur t her mor e, f r om ( 4 . 45) we f i nd t hat t he par t i al der i vat i ves

p c - pc +

w/ P

	

=

	

B 2

	

I 1

	

( 4 . 45)

B

( see equat i on ( 4 . 27) ) . Equat i on ( 4 . 44) i s an i mpl i ci t expr essi on bet ween r eal wages

and pr of i t s i n each r egi on, denot ed A( w/ pB, r ) = 0 .

	

Si nce equat i ons ( 4 . 44) and

( 4 . 45) gi ve r eal wages and pr of i t s as f unct i ons of commodi t y pr i ces, ( 4 . 44) act ual l y

gi ves an i mpl i ci t r el at i on bet ween commodi t y pr i ces i n each r egi on, denot ed

VXPB, P~ = A
P

( PB, PI ) . r ( PB. P~] = 0

	

( 4 . 46)

B

_ _

	

a ~b

	

a( w/ PB) + m
ar

	

- a( w/ PB) +
av)

	

ar

[

	

a( w/ p )
B

	

ap
I

	 ar ap
I
]

	

[ a( w/ P )

	

ap
B

	

ar ap
B

	

B

( 4 . 47)

a( w
/ PB) __ _ cl

0

	

( 4 . 4£3)

apI

	

DP
B



wher e

A = a( c2/ d - 2w/ PB)

Fr om r el at i on ( 4 . 52) we may now det er mi ne t he si gn of dpB/ dpI i n bot h

t he Nor t h and t he Sout h.

	

Fi r st not e t hat dpB/ dpI i s al ways posi t i ve i n t he Nor t h

si nce pI > b2 ,

	

so t hat pI c 1 - M> 0, and t > > 0 by assumpt i on .

	

I n t he Sout h A< 0,

but ( 3 i s r at her smal l .

	

Ther ef or e, ( 4 . 52) i s al so posi t i ve i n t he Sout h.

	

Wi t h t hi s

i nf or mat i on we may now r et ur n t o equat i on ( 4 . 40) and comput e

	

al - / (3pI .

	

As a i s

l ar ge i n t he Sout h and / 3 i s l ar ge i n t he Nor t h, we have f r om( 4 . 43) t hat t he expr es-

si on f or - 8f
/ apI

i s domi nat ed by t he f ol l owi ng t er ms :

aM

	

~

	

_dpB

	

cr c 1M

	

dpB a21~ QN

	

gNQNaN

2 2
( M

- c 1pI " dp

	

+

	

2

	

+ dp

	

N 2

	

N 2
D p

B
	 I

	

D P
B

	 I ( D )

	

( D )

Her e M
- c1pl

=
c 1b2 - b I c 2 - c1pI i s negat i ve as c

1
i s smal l i n t he Sout h.

	

Hence

t he f i r st t er m i s posi t i ve ( because MS < 0) and domi nat es t he second, whi ch i s

mul t i pl i ed by c 1 .

	

As QN < 0, t he t hi r d t er m i s negat i ve and t he f our t h posi t i ve .

But a2 i s smal l i n t he Nor t h, so t hat t he f our t h t er mdomi nat es .

	

Hence we have

t hat

( 4 . 53)
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a

8p D > 0
( 4 . 49)

I

8( w/ PB) PI c -1 M

> 0 when >
8 2 pI

b2 ( 4 . 50)

pB DpB

and

a

<0 .
8P - D ( 4 . 51)

B

We t her ef or e obt ai n, f r om( 4 . 47) and ( 4 . 51) ,

dPB

=C
c

l
a2

p
A+

al ~a2

2~

( Pl cl ' M)

+
( 4 . 52)

dp DP 2 2J
I B D DpB D



Si nce 8I ' / 8FT = d9
S

/ dFT > 0, by ( 4 . 42) t he pr i ce of i ndust r i al goods pI r i ses as

t he t r ansf er t o t he Sout h i ncr eases, i . e . ,

We next st udy t he movement s of t he r at e of r et ur n i n t he Nor t h r N as
pI

changes . Fr om t he nat i onal i ncome i dent i t y

As D= S -

	

I and pI XI - Xe -
BD,

I n t he Nor t h, P i s l ar ge . We can t her ef or e negl ect t er ms ot her t han t hose i n ~,

gi vi ng

wi t h

Hence as FT r i ses, pI r i ses and t he pr of i t r at e i n t he Nor t h r N r i ses . Knowi ng

how r N moves enabl es us t o f i nd t he si gn of t he change i n t he r eal wage i n t he

Nor t h . By ( 4 . 31) ,

I mpl i ci t di f f er ent i at i on gi ves :
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dp I / dFT > 0

	

.

	

( 4 . 54)

PI I ND
= r K - FT

pI I S
= r K + 0ND - FT

pI
= [ ( - Q/ D) + r ] / ( al / D)

dp I __

dr

	

D/ a1 > 0

	

( 4 . 55)

ac
2
w

	

Pa r

Dp

	

-

	

D

	

- ~w/ pB)
2

= 0

B

d( w/ pB)
- a

2
0

dr DA

wher e A = a( c2/ D - 2w/ pB) .

	

As A < 0 i n t he Nor t h by assumpt i on, we have t hat

( 4 . 56)
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poi nt ( i i i ) of Theor em 7 .

Fr om ( 4 . 3) and ( 4 . 4)

Hence

dr

d( w/ pB)

dr

i n t he Nor t h. Hence an i ncr ease i n FT r ai ses t he r eal wage i n t he Nor t h, as wel l

as t he pr of i t r at e .

	

The next st ep i s t o show t hat t he consumpt i on l evel s of B and

I r i se i n t he Nor t h .

8I N N

I N = r K - FT = Or 2 - FT ,

	

D

	

= 29r
8r

	

- 1

	

( 4 . 58)
D

	

8FT 8FT

whi ch i s posi t i ve f or l ar ge 0 . Al so,

BND = wL/ pB = a( w/ pB) 2

	

( 4 . 59)

so t hat
BND

al so r i ses wi t h FT by ( 4 . 57) , ( 4 . 54) , and ( 4 . 55) .

	

We have now pr oven

Next we st udy t he r esponse of t r ade pat t er ns t o FT .

	

By i nver t i ng

( 4 . 12) and ( 4 . 13) ,

N __

	

N _
a1K

	

c 1 L

XI

	

S - I D

	

D

	

D

	

- r K + FT .

N a1 caw 2

XI =
D

Rr -
DP

- Or + FT

B

-
a

c 1 d( w/ pB) + dFT dp I

D dr

	

dp
I

dr

By t he condi t i ons of t he t heor em, t he f i r st t er m i s negat i ve .

	

By ( 4 . 57) t he second

t er m i s negat i ve, and by ( 4 . 56) i t cont ai ns P.

	

As ( 3 i s l ar ge, t hese t er ms dom-

i nat e, and t her ef or e

dXi / dr < 0

	

,

	

( 4 . 60)

i . e . , t he Nor t h' s expor t s of t he i ndust r i al good f al l as Ft and hence r N r i se .

	

Thi s



i mpl i es, of cour se, t hat t he Sout h' s i mpor t s of i ndust r i al goods f al l ,

dMI / dr N < 0 .

	

( 4 . 61)

We next check what happens t o t he vol ume of oi l t r aded .

	

Thi s equal s oi l demanded

i n t he Nor t h, 0DN, whi ch f r om( 4 . 23) i s

Now
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- awm - r Q
DpB D

Her e 9 i s l ar ge and Q i s negat i ve, by assumpt i on .

	

r r i ses, by ( 4 . 55) .

	

Hence

d0ND dXS

dFT

	

dFT > 0

Thi s pr oves poi nt s ( i ) and ( i i ) of Theor em7 .

What r emai ns i s t o st udy t he behavi or of t he Sout her n economy . We f i r st

show t hat r S r i ses wi t h FT.

	

Thi s i s done by showi ng t hat d~/ dr S < 0 .

	

As

S S
dMI	 dMI

dr N

f or e comput e now t he si gn of dMS/ dr S.

t hi s wi l l i mpl y f r om ( 4 . 61) t hat dr N/ dr S> 0, whi ch i n conj unct i on wi t h ( 4 . 54) and

( 4 . 55) gi ves dr S/ dFT > 0 .

	

Fr om t hi s l ast i nequal i t y t he r esul t s f ol l ow.

	

We t her e-

I

S S S

	

S 2 or al c l
MI = I D- I

S
= r K + 0S + FT - I

S
= Or

	

-

	

D

	

+
Dp

	

+0
S

+ FT

B

dMI

	

d( w_

	

/ pB)

	

d0S

	

dFT

	

dMI

dr S	 -

9( 2r
- a1/ D)

+ ( cl a/ D)

	

dr

	

+ dMS + dMS	 dr S

dMI

	

_ dOS _ dFT

	

8( w
/ pB)

dr S 1 d S dMS

)

=

P( 2r

-

a1/ D)

+ c1a/ D

	

ar
I

( 4 . 62)
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d6 S

	

d6S

	

dr N
< 0

dMS _ dr N dMS

by ( 4 . 61) , ( 4 . 54) , ( 4 . 55) and ( 4 . 6) .

	

Si mi l ar l y, dFT/ dMi < 0 .

	

By ( 4 . 56) ,

d( w/ pB) / dr < 0 i n t he Sout h.

	

As by assumpt i on aS i s l ar ge, t hi s est abl i shes t hat

dMi / dr S < 0

	

so t hat

	

dr S/ dFT > 0 .

	

( 4 . 63)

I t now f ol l ows f r om( 4 . 56) and t he f act t hat LAS < 0 by assumpt i on, t hat r eal wages

i n t he Sout h f al l wi t h FT .

	

I t f ol l ows i mmedi at el y f r om ( 4 . 3) and ( 4 . 5) t hat empl oy

ment and t he consumpt i on of basi cs al so f al l .

	

Thi s compl et es t he pr oof of Theo-

r em7 .

Theor em 8 .	 Assume t hat MS > 0, i . e . , c b2 - b l c 2 > 0 i n t he Sout h.

	

Let
pB

bel

S
smal l and

pI
> b2 at t he i ni t i al equi l i br i um, wi t h al l ot her condi t i ons as i n Theor em

7 . Then an i ncr ease i n t he f i nanci al t r ansf er FT t o t he Sout h has t he opposi t e

ef f ect s t o t hose est abl i shed i n Theor em7 : i t l eads t o a f al l i n t he pr i ce of t he i n -

dust r i al good
PI

and a r el at i ve i ncr ease i n t he pr i ce of oi l po, even t hough oi l sup-

pl i es have i ncr eased .

	

The oi l expor t er ' s t er ms of t r ade t her ef or e i mpr ove .

	

I n

addi t i on, oi l expor t s and t he r at e of pr of i t i n t he Sout h decr ease .

	

The Nor t h expor t s

mor e i ndust r i al goods . Real wages, empl oyment , and consumpt i on of basi cs i n -

cr ease i n t he Sout h .

	

I n t he Nor t h, t he r at e of pr of i t and t he r eal wage decr ease .

Pr oof .

	

As i n t he pr oof of Theor em 7, t he si gn of dFT/ dpI equal s t hat of - dI ' / dpI .

Thi s i s gi ven i n equat i on ( 4 . 43) , or appr oxi mat el y i n ( 4 . 53) .

	

The l at t er may al so

be wr i t t en as

MD

	

N
dDN

2

M

	 dp

	

( M- c1pI )

p

	

+c
l

	

+ ~~.

	

d

B

p

	

a
2

_ aN

D
pB

	

I

	

B

	

( D )

	

I

wher e par amet er s and var i abl es ar e of t he Sout h unl ess ot her wi se i ndi cat ed . Now

not e f r om( 4 . 52) t hat f or l ar ge ( 3N,

dpB/ dpI = a1/ a2

Hence t he second t er m i n ( 4 . 64) i s cl ose t o zer o and ( 4 . 64) can be expr essed as

( 4 . 64)
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aM

	

d[ dpB c1 ( b 2 - p) -

d

dB

C2
b,

+ c

D p
B

	

pI

	

pB

	

I

	

pI

	

pB

	

1

Under t he condi t i ons of Theor em8 and si nce dpB/ dpI > 0 by ( 4 . 52) , ( 4 . 65) i s

negat i ve, pr ovi ng t hat t he oi l expor t er ' s t er ms of t r ade i mpr ove, i . e . , pI f al l s

wi t h FT .

( 4 . 65)

The r est of t he t heor emf ol l ows i mmedi at el y .

	

I nequal i t y ( 4 . 55) i mpl i es

t hat t he pr of i t r at e i n t he Nor t h f al l s, and ( 4 . 56) i mpl i es t hat r eal wages i n t he

Nor t h f al l .

	

I nequal i t y ( 4 . 60) t el l s us t hat t he Nor t h' s expor t s ( and t he Sout h' s i m-

por t s) of i ndust r i al goods wi l l i ncr ease, and f r om( 4 . 62) we t hen know t hat oi l expor t s

of t he Sout h f al l .

	

Equat i on ( 4 . 63) est abl i shes t hat t he r at e of pr of i t i n t he Sout h

f al l s, and usi ng ( 4 . 56) agai n pr oves t hat r eal wages, empl oyment , and consumpt i on

of basi c goods al l r i se i n t he Sout h.

	

Thi f j compl et es t he pr oof .

Theor ems 7 and 8 gi ve condi t i ons f or opposi t e ef f ect s of a f i nanci al

t r ansf er FT.

	

The mai n di f f er ence i n t he condi t i ons of Theor ems 7 and 8 ar e : t he si gn

of t he det er mi nant MS, and t he i mpact t hat t he t r ansf er has on t he r el at i ve pr i ce

of i ndust r i al goods
pI .

	

The si gn of MS i s posi t i ve i n Theor em 8, and negat i ve i n

Theor em7 .

	

I t seems mor e pl ausi bl e t hat MS shoul d be negat i ve, si nce t hi s hap-

pens when t he basi c goods sect or i n t he Sout h uses f ew capi t al i nput s .

	

Theor em 8

assumes, i nst ead, t hat t he basi c goods sect or i s mor e capi t al i nt ensi ve .

	

The i mpact

of t he t r ansf er on pr i ces seems al so mor e pl ausi bl e i n Theor em7 : t r ansf er s whi ch

ar e used t o devel op oi l suppl i es ar e l i kel y t o l ead t o l ower , r at her t han hi gher , oi l

pr i ces . We t her ef or e shoul d expect t he r el at i ve pr i ce of i ndust r i al goods t o i ncr ease.

I n Theor em 8, t he t r ansf er al so i ncr eases oi l suppl i es, but t hi s l eads t o hi gher oi l

pr i ces, an out ccue whi ch appear s l ess pl ausi bl e .

Cl ear l y, an empi r i cal anal ysi s of t he act ual condi t i ons i s needed t o

ascer t ai n whi ch set of condi t i ons i s appl i cabl e .

	

A pr i or i

	

however , t he condi t i ons

i n Theor em7 appear mor e i nt ui t i vel y nat ur al t han t hose i n Theor em 8.

C. Concl usi ons

An i nf l ow of f or ei gn capi t al , wet her used f or consumpt i on or i nvest ment ,

i nevi t abl y af f ect s t he i nt er nal equi l i br i umof t he r ecei vi ng count r y .

	

Consumpt i on
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pat t er ns, pr oduct i on pat t er ns, and pr i ces al l change .

	

The same i s t r ue of t he

l endi ng count r y : i n changes i t s consumpt i on pat t er n by maki ng a l oan, and f or t hi s

r eason, and because t he equi l i br i um of i t s t r adi ng par t ner changes, i t s own dom

est i c equi l i br i um al t er s .

	

A cr uci al f act or i n det er mi ni ng t hese macr o ef f ect s of

a l oan i s t he change i n r el at i ve pr i ces ( oi l pr i ces, i ndust r i al pr i ces, and pr i ces

of basi c goods t hat ar e not t r aded) .

	

A l oan must be one of si gni f i cant si ze bef or e

havi ng a measur abl e i mpact on pr i ces, and f or t he case of Mexi co di scussed i n

Chi chi l ni sky, Heal and McLeod ( 1984) , wher e t he t r ansf er i s of t he or der of 100

bi l l i on US dol l ar s, i t cer t ai nl y f i t s t hi s di scr i pt i on.

I t i s cl ear , t hen, t hat i t i s a compl ex mat t er t o t r ace t he f ul l i mpact s of a

ban f r omone t r adi ng count r y t o anot her .

	

The model has enabl ed us t o i dent i f y

t hese i mpact s i n a r at her si mpl e f ashi on, because of our somewhat st yl i zed assump

t i ons, and t o assess t he gai ns and t he l osses ar i si ng f r om such a l oan f or di f f er ent

gr oups wi t hi n t he l endi ng and bor r owi ng count r i es .

One i mpor t ant f eat ur e t o emer ge i s t hat t he l oan may have a benef i ci al

ef f ect on t he equi l i br i um of t he l endi n count r y .

	

Thi s happens when t he bor r owed

f unds ar e used t o i ncr ease oi l suppl i es, l eadi ng t o mor e abundant oi l , i ncr eased

oi l expor t s, and l ower oi l pr i ces .

	

The t er ms of t r ade of t he l endi ng count r y i mpr ove,

and t hi s l eads t o hi gher l evel s of consumpt i on of bot h goods i n t he l endi ng count r y .

Theor em7 est abl i shes t he condi t i ons under whi ch t he wel f ar e l evel i n t he l endi ng

count r y wi l l r i se as a r esul t .

	

I n maki ng a soci al cost - benef i t anal ysi s of such a

l oan, t hi s i s a poi nt t hat shoul d cl ear l y be consi der ed ; t her e i s a soci al r et ur n t o

t he l oan over and above t he r at e of i nt er est pai d on i t .

	

I t i s possi bl e t hat even i f a

maj or r eschedul i ng t hat del ayed r epayment wer e t o happen, t he l endi ng count r y as

a whol e coul d never t hel ess benef i t .

Si mi l ar i ssues appl y t o t he r ecei vi ng count r y .

	

The bor r owi ng sect or may

benef i t i n commer ci al t er ms f r om t he l oan, but a soci al cost - benef i t anal ysi s of

t he l oan shoul d al so t ake i nt o account i t s ef f ect s on t he over al l economi c equi l i br i um.
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As Theor em 7 shows, t hese coul d be subst ant i al l y negat i ve .

	

I f t her e has been

over speci al i zat i on i n one sect or , t hus l eadi ng t o l ower t er ms of t r ade f or t he

count r y, wi t h cor r espondi ngl y negat i ve wel f ar e ef f ect s . I n summar y, t he f act t hat

a l oan, i f l ar ge, may af f ect t he equi l i br i umpat t er n of pr i ces and quant i t i es i n bot h

count r i es means t hat i t wi l l have macr oeconomi c consequences goi ng f ar beyond i t s

i mpact s on t he pr of i t s of t he bor r owi ng and l endi ng i nst i t ut i ons .

Theor ems 7 and 8 have i ndi cat ed t wo ver y di f f er ent possi bl e out oo mes .

	

I n

one case, t he ef f ect s ar e benef i ci al t o t he l endi ng and har mf ul t o t he bor r owi ng

count r y, whi l e i n t he ot her case t he opposi t e i s t r ue . The di st i ngui shi ng f eat ur e

i s t he ef f ect of t he l oan on t he oi l expor t er ' s t er ms of t r ade .

	

I n t he f i r st case, t hey

wor sen, and i n t he second, t hey i mpr ove . Whi ch of t hese t wo out comes occur s

depends on t he pat t er ns of f act or i nt ensi t i es i n t he r ecei vi ng count r y and t he i ni t i al

pr i ce l evel s .

	

Once t hese ar e known, t hus est abl i shi ng whet her t he l oan i mpr oves

or wor sens t he r ecei ver ' s t er ms of t r ade, ever yt hi ng el se can be t r aced .

	

Exper i -

ence i ndi cat es t hat over t he l ast t hr ee year s, t he t er ms of t r ade of oi l expor t er s

have wor sened . Whi l e many f act or s have cont r i but ed t o t hi s pr i ce movement , t hi s

suggest s t hat a pol i cy of bor r owi ng t o i nvest i n t he oi l sect or mi ght not have been

t he most f avor abl e t o t he oi l expor t er .

	

However , such a pol i cy coul d be f avor abl e

t o t he l ender ; i t yi el ds mor e oi l at l ower pr i ces .

	

Such macr o out comes shoul d be

comput ed when di scussi ng t he pr esent si t uat i on .

	

The cal cul us of t he debt must go

beyond t he f i nanci al aspect s, and must i ncl ude t he macr oeconomi c ef f ect s on pr i ces,

i mpor t s, and expor t s of bot h count r i es .

I t i s i mpor t ant t o emphasi ze t hat we have st udi ed t he consequences of

gr ant i ng a l oan bef or e t hi s was r epai d .

	

The r epayment s wi l l not have ef f ect s t hat

ar e si mpl y equal and opposi t e t o t hose of t he gr ant i ng of t he l oan .

	

The asymmet r y

ar i ses because, when t he l oan i s made, i t i s i nvest ed or consumed i n sect or s di f -

f er ent t han t hose t hat wi l l pay t he debt .

	

For i nst ance, i n t hi s paper t he debt was

used t o bui l d up t he pr oduct i on capaci t y of t he oi l sect or .

	

However , when t he l oad

i s r epai d, t hi s wi l l not , of cour se, coi nci de wi t h r unni ng down t hi s capaci t y .

	

I nvest -

ment i s i r r ever si bl e, and capi t al st ock and machi nes depr eci at e .

	

The l oan wi l l be
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r epai d by r unni ng a bal ance- of - t r ade sur pl us .

	

The ef f ect s of r unni ng a t r ade

sur pl us at a const ant capaci t y l evel i n t he oi l sect or ar e not t he opposi t e of t hose

of r unni ng a t r ade def i ci t and usi ng t he capi t al i nf l ow t o expand oi l - pr oduci ng

capaci t y . As a mat t er of f act , bot h coul d af f ect t he maj or macr o var i abl es i n t he

same di r ect i on.

Fi nal l y, we poi nt out a connect i on bet ween t he pr obl emt hat we have

st udi ed her e and t he ext ensi ve l i t er at ur e on t he t r ansf er pr obl em i n i nt er nat i onal

economi cs .

	

Thi s l i t er at ur e i s concer ned wi t h t he possi bi l i t y t hat a t r ansf er of

r esour ces f r omone agent or count r y t o anot her may benef i t t he donor and har m

t he r eci pi ent .

	

Chi chi l ni sky ( 1980) showed f or t he f i r st t i me t hat such an out come

can occur i n per f ect l y compet i t i ve mar ket s wi t h a uni que and gl obal l y st abl e mar ket

equi l i br i um.

	

Thi s i ssue has so f ar been st udi ed onl y i n t he cont ext of a bar t er

economy wi t hout pr oduct i on i n t he case of per f ect l y compet i t i ve gener al equi l i br i um

model s .

	

For sur veys of t hese r esul t s, see Chi chi l ni sky ( 1980) , Jones ( 1983) , and

Geanakopl os and Heal ( 1983) . Our pr esent Theor em? pr ovi des an exampl e of t he

t r ansf er par adox i n a pr oduct i on economy : r esour ces ar e t r ansf er r ed f r om l ender

t o bor r ower , and t he l ender gai ns as a r esul t , even t hough t he r ecei ver expands

i t s pr oduct i on capaci t y .
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The Nor t h- Sout h model i s, t her ef or e, a syst emof 26 equat i ons i n 26

var i abl es, dependi ng on 18 exogenous par amet er s : a, , a2 , c 1 , c2 , a, L, P, K

D D
f or each r egi on, pl us I ( S) and I ( N) .

B. Compar at i ve St at i cs Resul t s

The economi es of t he Nor t h and of t he Sout h ar e i dent i cal except possi 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 uct ur al char ac-

t 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 a

met 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, i . e . , t he economy i s t echnol ogi cal l y homogeneous .

	

Thi s means

t hat a1/ c 1 m.
a2/ c2

so t hat t he det er mi nant D( N) of t he mat r i x of t echni cal coef -

f i ci ent s

a
1

a
2

c
l

c
2

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, i . e . , l ess r esponsi ve t o i ncr eases i n

t he r eal wage w/ p
B

.

	

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,

a( 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 : P( N) i s l ar ge,

and P( 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 whi l e 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.

Recal l t hat a Nor t h- Sout h economy i s def i ned by : equat i ons ( 2 . 1) t hr ough

( 2 . 11) f or each r egi on, and ( 2 . 12) t hr ough ( 2 . 15) .

	

Exogenous par amet er s ar e a1 ,

c 1 , a2 , c2 , a, 9, L, K f or each r egi on, and I D( S) , I D( N) .

	

Endogenous par amet er s

ar e pB, PI , w, r , LS, LD, KS, KD, BS, BD, XB, I S, I D, XD f or each r egi on .


