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ABSTRACT

The paper st udi es a t wo- r egi on economy , wi t h t wo sect or s and
t hr ee f act or s of pr oduct i on : oi l , capi t al and l abor . The Sout h
expor t s oi l i n exchange f or i ndust r i al goods f r om t he Nor t h .
Ther e i s a net capi t al i nf l ow t o t he Sout h . Thi s equal s t he
di f f er ence bet ween i t s expor t r evenues and i mpor t cost s, and

r epr esent s t he Sout h' s i ndebt edness . Thi s over seas bor r owi ng

f i nances t he devel opment of t he oi l sect or : i ncr eased bor r owi ng

l eads t o hi gher oi l suppl i es, t o new l evel s of consumpt i on and
a new di st r i but i on of i ncome i n t he Sout h, as wel l as t o new l evel s
of expor t s f r om t he Nor t h . The paper st udi es t he macr o i mpact s of
changes i n t he val ue of t he debt on bot h t he bor r owi ng and t he

l endi ng r egi ons . The r esul t s ar e i l l ust r at ed by si mul at i ons wi t h
dat a f or t he U . S . A . and Mexi co .
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RESOURCES , TRADE AND DEBT :

The case of Mexi co

1 . I NTRODUCTI ON

A gr eat deal of at t ent i on has been gi ven r ecent l y t o t he debt pr obl ems of
devel opi ng count r i es, most not abl y Ar gent i na, Br azi l . Ecuador , and Mexi co .
Thei r debt s cur r ent l y t ot al about 300 bi l l i on US dol l ar s, of whi ch kexi co' s shar e
i s about one t hi r d . Ecuador and Mexi co ar e par t i cul ar l y i nt er est i ng cases
because t hei r cur r ent di f f i cul t i es f ol l ow a per i od of concent r at i on on oi l
expor t s, an act i vi t y whi ch was wi del y r ecommended, and whi ch i t was gener al l y
t hought woul d i mpr ove r at her t han wor sen t hei r bal ance- of - payment s condi -
t i ons .

Exper i ence has not f ul f i l l ed t hese expect at i ons I t i s now cl ear t hat t he
r el at i onshi p bet ween r esour ce expor t pol i ci es and debt i s r at her compl ex, and
poses a chal l enge t o t he economi st . I n t he case of Mexi co . i t i s gener al l y
accept ed t hat much of t he bor r owi ng was used t o f i nance t he devel opment of
i t s oi l expor t sect or . St er ner ( 1982) shows t hat about 309. of Mexi co' s out -
st andi ng debt was used t o f i nance i nvest ment i n PEYEX. t he nat i onal oi l com-
pany . I t appear s t her ef or e t hat t her e exi st s a l i nk bet ween bor r owi ng and oi l
expor t s, and t he macr oeconomi c i mpact s of bor r owi ng and of r esour ce expor t s
must be j oi nt l y anal yzed and bal anced agai nst each ot her . I t i s t he pur pose of
t hi s paper t o expl or e t hese l i nks .



A

f i r st concer n i s t he i mpact of i ncr easi ng oi l expor t s on t he expor t i ng

count r y .

Thi s was st udi ed i n Chi chi l ni sky ( 1981a) wi t hi n a t wo- r egi on

.

t wo- good,

and

t hr ee- f act or gener al equi l i br i um model

.

I t was shown t her e t hat i ncr easi ng

oi l

expor t s may have ei t her a posi t i ve or a negat i ve i mpact on t he t er ms of

t r ade,

on domest i c consumpt i on, and on t he di st r i but i on of i ncome of t he oi l

expor t er ,

dependi ng on t he st r uct ur e of t he economy

.

The degr ee of dual i sm

i n

pr oduct i on and t he i ni t i al l evel s of wages and pr of i t s pl ayed a cr uci al r ot e i n

det er mi ni ng

t he out come

.

I n

t hi s paper we ext end Chi chi l ni sky' s model t o st udy t he i mpact of debt

on

t he r esour ce- expor t i ng economy

.

The model i s ext ended t o al l ow 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 es

.

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 gener al equi l i br i um

speci f i cat i on .

Pr i ces of al l goods and f act or s i n t he t wo r egi ons ar e f r ee t o

adj ust

t o mar ket condi t i ons

.

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 s

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 i nvest ment 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 um

emer 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 ac-

t 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 :

t he 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

.

For exampl e, at pr esent

25- 307:

of al l machi ne- t ool expor t s of t he US ar e pur chased by Mexi co, and a

si mi l ar

pr opor t i on of al l US expor t s ar e pur chased by Lat i n Amer i ca

.

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 ul l y 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 com

pl ex

quest i ons posed

.

Thi s i s of cour se at t he cost of somewhat st yl i zed

assumpt i ons .

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 and 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 I nAn 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 ue Nor = when t he

t r ansf er

or l oan i ncr eases

.

Thi s occur s mai nl y because t he t r ansf er l eads t o an

i mpr ovement

i n t he 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 i nt egr at ed and ef f i ci ent

.

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 mat i 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 nvest 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.

The r est of t he paper i s or gani zed as f ol l ows . To pr ovi de some empi r i cal
backgr ound, we begi n by r evi ewi ng t he case of Mexi co . We t hen pr esent t he
Nor t h- Sout h model wi t h debt . af t er whi ch we pr ove t he mai n t heor ems . The
concl usi ons summar i ze t he r esul t s, and an appendi x shows t hat . al t hough t he
model cont ai ns 33 i ndependent equat i ons, i t s compar at i ve st at i c pr oper t i es
can be under st ood by st udyi ng a si ngl e i mpl i ci t f unct i onal r el at i onshi p bet ween
one endogenous var i abl e ( t he t er ms of t r ade of oi l f or i ndust r i al goods) and one
exogenous par amet er ( t he val ue of t he debt ) .

2. EI dPI RI CAL BACKGROUND: THE CASE OF MEXI CO

I n t hi s sect i on we r evi ew br i ef l y t he empi r i cal mat er i al r el at i ng t o a
number of t he i ssues t o be di scussed bel ow. The f ocus i s on t he case of Mexi co,
whi ch i s an i mpor t ant exempl ar of t he phenomena under exami nat i on .
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FI GURE i The r el at i onshi p bet ween Mexi co' s cumul at i ve bal ance- of - payment s def i ci t
and i nvest ment i n PEMEX, 1966- 1981 . ( Al l f i gur eq ar e i n bi l l i ons of 1970 US dol l ar s . )



I n t he I nt r oduct i on we ment i oned t hat t he accumul at i on of Mexi can debt i s
gener al l y bel i eved t o have been associ at ed wi t h i nvest ment i n PEMEX Fi gur e 1
pr esent s dat a on t hi s associ at i on . Mexi co' s cumul at i ve bal ance- of - payment s
def i ci t on cur r ent account i s measur ed hor i zont al l y . The ver t i cal axi s
r epr esent s cumul at i ve i nvest ment i n PEMEX Al l f i gur es ar e i n bi l l i ons of 197®
US dol l ar s . and dat a sour ces ar e gi ven af t er t he t abl es bel ow. I t i s cl ear f r om. ;
Fi gur e 1 t hat t her e i s an al most one- t o- one associ at i on bet ween t he cumul at i ve
payment s def i ci t and i nvest ment s i n PEMEX on aver age . t he cumul at i ve def i -
ci t sl i ght l y exceeds i nvest ment i n PEMEX but t he t wo move ver y cl osel y
i ndeed . Thi s i s conf i r med by t he r egr essi on i n Tabl e 1 . I t t her ef or e seems j us-
t i f i abl e t o cl ai m t hat i nvest ment i n PEMEX was f i nanced by t he payment s def i -
ci t , and i ndeed t hi s pr ovi des t he empi r i cal j ust i f i cat i on f or an i mpor t ant
assumpt i on i n t he model t hat f ol l ows .
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nGURE 2 The r el at i onshi p bet ween Mexi co' s out st andi ng over seas debt and her cumu-
l at i ve payment s def i ci t , 1965- 1961 . ( Al l f i gur es ar e i n bi l l i ons of 1970 US dol l ar s . )

What i s t he r el at i onshi p bet ween Mexi co' s cumul at i ve cur r ent account pay-
ment sdef i ci t , and her out st andi ng f or ei gn debt ? Fi gur e 2 addr esses t hi s i ssue .
Except f or t he per i od 1976- 1979, t hese var i abl es moved t oget her . wi t h t he
debt consi st ent l y some US32- 3 bi l l i on i n excess of t he cumul at i ve def i ci t . ( Fi g-
ur es ar e agai n i n bi l l i ons of 1970 US dol l ar s . ) Thi s i nt er pr et at i on of t he gr aph i s
suppor t ed by t he r egr essi on i n Tabl e 2 . and i s consi st ent wi t h t he f act t hat
t her e was subst ant i al pr i vat e over seas bor r owi ng by Mexi can ci t i zens whi ch was
t hen used f or t he acqui si t i on of over seas asset s and whi ch added t o t he accu-
mul at i on of over seas debt . I n t he model whi ch f ol l ows : t hi s bor r owi ng t o
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FI GURE 3 Mexi car i mpor t s, expor t s, and t er ms of t r ade, 1960- 1982. ( Expor t s and i m-

por t s ar e i n bi l l i ons of 197C US dol l ar s . )

acqui r e over seas asset s i s negl ect ed : i t i s assumed t hat i ndebt edness i s equal
t o t he cumul at i ve bal ance- of - payment s def i ci t , and i s used ent i r el y t o f i nance

i nvest ment i n t he oi l sect or . Obvi ousl y, t hi s i s a good appr oxi mat i on t o t he

dat a f or Mexi co . f ur t her mor e, i t seems l i kel y t hat bor r owi ng t o f i nance t he

pr i vat e acqui si t i on of over seas asset s had l i t t l e macr oeconomi c i mpact wi t hi n

Mexi co . The i mpor t ant macr oeconomi c changes wer e dr i ven by i nvest ment i n

t he oi l sect or . and by t he consequent changes i n oi l out put and oi l expor t s . I n
any case, we shal l ar gue bel ow t hat when t he over seas i nvest ment by Mexi cans
i s t aken i nt o account , t he r esul t s ar e l i kel y t o be r ei nf or ced .

Fi gur e I r eveal s t hat Mexi co' s cumul at i ve bal ance of payment s def i ci t has r i sen

over t i me . Fi gur e 3 shows t he movement i n i mpor t s, expor t s and t er ms of t r ade whi ch

gave r i se t o t hi s def i ci t . Expor t s r ose st eadi l y over t he per i od, expeci al l y af t er

Mexi co became a net oi l expor t er i n 1976 . Due t o t he 1979 oi l shor t age, Mexi co' s t er ms

of t r ade i mpr oved dr amat i cal l y i n 1980, r eachi ng t hei r peak i n 1981 . I n 1982 oi l

expor t s agai n expanded r api dl y, i ncr easi ng near l y f i f t y per cent over 1981, but l at e i n

t he year oi l pr i ces began t o sof t en . By August of 1983 t he aver age pr i ce of Mexi can

cr ude oi l expor t s had f al l en about 20%( Mayan cr ude f el l f r om $28 . 50 i n 1981 t o $23 . 00,

whi l e t he l i ght er ' I sht mas' cr ude f el l f r om $35 . 00 t o $29 . 00 per bar r el ) . Havi ng

bor r owed heavi l y t o devel op i t s pet r ol eumr esour ces, t he t er ms of t r ade began t o shi f t

agai nst Mexi co j ust as i t ent er ed wor l d mar ket s as a maj or expor t er . The downt ur n i n

oi l pr i ces cont r i but ed t o a dr amat i c deval uat i on and t he l ar ge cont r act i on of i mpor t s

shown i n Fi gur e 3 . The t heor et i cal model of t he next sect i on expl or es t he condi t i ons



Dat a Sour ces :

TAf 11X 1 OI . S r egr essi on of i nwst ment i n PEMEX. PMXI > of t hey cumul at i ve cur r ent -
aaount def i ci t , CG.

PMX1 =

	

0. 598

	

+

	

0. 844CCA
( 1 . 96) ( 19. 36)

t - st at i st i cs i n par ent heses . Rz = 0. 964.

TABLE2 OLS r egr essi on of cumul at i ve cur r ent account def i ci t . CCA, on out st andi ng over -
seas debt , D.

CCA =

	

- 1 . 46

	

+

	

0. 753D
( - 2. 03) ( 10. 76)

t - st at i st i cs i n par ent heses . R2 = 0. 665 .

Al l r egr essi ons cover t he per i od 1965- 1981.
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St at i st i cs on t he Mexi can Economy, NAFI NSA. 198: .

CCA

	

Wor l d Tabl es, 1981, Wor l d Bank .

D

	

1965- 1972 I nt er nat i onal Fi nanci al St at i st i cs Year book 1982 .
1972- 1981 Fr anci sco Car r ada- Br avo, ' The Dynami cs of For ei gn Debt
and Ener gy Pol i cy : The Case of Mexi co . " i di meo, Depar t ment of
Economi cs. Uni ver si t y of Cal i f or ni a at Los Angel es .

I MP

	

Wor l d Tabl es, 1981, Wor l d Bank .

TT

	

Wor l d Tabl es, 1981, Wor l d Bank .



9. THENORM- SOUTH MODEL WI TH DEBT

I n t hi s sect i on we pr esent t he model , whi ch i s an ext ensi on of t hat of Chi -

chi l ni sky ( 1981a) . Ther e ar e t wo r egi ons, t he Nor t h and t he Sout h . Each pr o-
duces t wo goods, denot ed B and 1, 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 d . 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 1 . The " basi c" good B i s 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 )

wher e r i s t he r at e of pr of i t . p l and pe 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 = mL

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 nan-
ci al t r ansf er FT t o i ncr ease i t s oi l suppl i es

0S = 73 S( FT) . C10S / 8FT > 0 ( 5)

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 :

BS = BD ( 7)

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

ID = I S + MS ( 8)

wher e MS denot es t he Sout h' s i mpor t s of I ,

' d
= Z3 D +

XI SO ( 9)

denot e t he amount of t hat f act or used i n sect or B or 1, r espect i vel y . .

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

BS = mi n ~LB / a v 68 / b, . KB / c l j ( 1)

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

I S =mi n I I _ I / a2, 16 1 / b2, K1 / c2) ( 2)

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

LS = awI PB , a>0 ( 3)

wher e uj i s t he wage and pB t he pr i ce of B . and

I CS = Pr . 16 > 0 ( 4)



PBBD ` PI I D = WL + r K + POO + FT

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 , as wi l l be
seen bel ow, t he ef f ect of a t r ansf er ( FT posi t i ve) i s not symmet r i c wi t h t hat of
a r epayment ( F7 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 ent i r e 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 Os 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) , but obvi ousl y, i t does
not decr ease when FT i s negat i ve, si nce t he debt i s not pai d by sel l i ng t he oi l
pr oduct i on equi pment . The bal ance- of - payment s condi t i on ( 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 ( eqn . 5) . t he nat i onal i ncome i dent i t y
( ( 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 o-
f i t i ncome r K, oi l r evenues p dX1 . 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.

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 e . g . Chi chi l ni sky 1981x) , i . e .

( 16)

wher e d = Os i s, as i n ( 6) . a f unct i on of FT. Equat i on ( 16) can al so be r ewr i t t en
as

PBBs - Pi ( I s + BI ) = wL + r K + Po( 13 D + Xe) + NF

	

( i 6) °

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 . Q. al , a2, b 1 . b2, c 1 , c2 . The f ol l owi ng equat i on now
subst i t ut es f or t he or i gi nal eqn . ( 6) :

and . of cour se, t he equat i ons cor r espondi ng t o ( 8) and ( 9) r ef l ect t he f act t hat
t he Nor t h i mpor t s oi l and expor t s i ndust r i al goods . I n a wor l d t r ade equi l i -
br i um t he pr i ces of t he t r aded goods must be equal :

Pe = Pa

	

( 17)

P1 = Pr

	

( 18)

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

KS = KD ( 10)

Ls = LD ( 11)

LD = Bsa 1 + I Sa2 ( 12)

KD _ BSc , + I Sc 2 ( 19)

13D
= BS6 I + I Sba ( 14)

and t he payment s condi t i on

P" Xo = Pi mp- FT ( 15)



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

XV = 11a

	

( 19)

Xf = B?

	

( 20)

wher e Xr and Xf 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, Q, 9 1 . a2 . b

.
1 . b 2. c l , and C2. These par amet er s ar e gener al l y di f f er ent i s t he

t wo r egi ons . We shal l make cer t ai n st yl i zed assumpt i ons t o si mpl i f y comput a-
t 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 f or capi -
t al exhi bi t s t he opposi t e behavi or : P i s l ar ger 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 com-
pl et e Nor t h- Sout h syst em: t hi r t y cor r espond t o t wo set s of ( 1) t hr ough ( 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 ( 1T) t hr ough ( 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 : p1- P, # , PB- t i , r , Ls . LD. KS . KD. BS. BD. I S ,

I D- M?- ' OS , ' OD . and XS. 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 aur ner ai r e ( p, #' = 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
Appendi x 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 pol i cy sect or 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 equat 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 pr i ce of i ndus-
t r i al goods r el at i ve t o 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 sect i ons, 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 . I n
t ot al we have t he f ol l owi ng t echni cal i nput - out put coef f i ci ent s :

a 1 b 1 c 1

a2 b2 c2

i n each t ' egi on . The det er mi nant s t o be used ar e :

D = aI c2 _a2c1

	

N = cl b2 _ bI c2

	

Q = a2b1- a1b2

The assumpt i ons ar e :

DN > 0.

	

DS > 0 .

	

NS < 0,

	

QM< 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 a-
t 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 cap-
i t al i nt ensi 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 cs i s smal l and t her ef or e t hat
XS < 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 Q1v < 0 . The above assumpt i ons on t he si gns of



- I n-

t he var i ous det er mi nant s ar e mai nt ai ned at al l poi nt s bel ow unl ess t her e i s an
expl i ci t st at ement t o t he cont r ar y .

4 . LAI N RESULTS: TRADE 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 %3S. 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 n oi 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 a-
t 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 sec-
t 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 consump-
t 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 ndust 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 so 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 i n t he next sect i on ar e a f i r st move 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

A= ( c 2/ D- 2w/ ps
)

a

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

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 / pg , si nce a l ar ge Dwoul d have
t hi s i nt er pr et at i on . Conver sel y, t he economy i s homogeneous i f
c 2/ D > 2w/ pq . 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 measur ement used .

Theor em 1 . 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 ( c2/ D> 2w/ pB) and t hat of t he
Sout h t o be dual ( e2/ 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

( p1 > b 2 and 2r > a I / 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 ( f t 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 consequences :

( i )

	

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

( i i ) 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 ( pt i ncr eases)
so much t hat i t s expor t r evenues r i se .

	

Ther e i s a cor r espondi ng f al l
i n oi l expor t r evenues of t he Sout h denomi nat ed t o 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) / n t he Sout h. pr of i t s r i se . but empl oyment , r eal wages, and consump-
t 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 :
XS

= . 0 ( 21)

Fr om ( 6) . ( 9) . and ( 6) ' . t hi s equal s :

- i i ( FT) - di = 3§ ( 22)

Fr om ( 14) ,

' 3D
= b j BS T b21S ( 23)

and f r om i nver t i ng ( : 2) and ( 13) we obt ai n :

' OD = ( c2L - a2K) + ~( a1K- c1L) ( 24)



I n vi ew of ( 3) and ( 4) . we may r ewr i t e ( 22) :

N

	

N N
. OS( FT)

+ n Pe

	

+ D

_r Q	 - E-
nN ( P

wher e L and Q ar e t he det er mi nant s def i ned above . Equat i on ( 25) 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

9P [ r N. r 5. ( t i /
pB) N. ( WI pg) S . FT) = 0

	

( 26)

Si nce f act or pr i ces ar e f unct i ons of commodi t y pr i ces ( see Appendi x eqn A . 7) ,
we obt ai n f r om subst i t ut i on of ( A . 7) i nt o ( 25) a f unct i on l i nki ng t he t r ansf er FT
t o t he pr i ces of B and I :

M

	

~p ,
, 6S( FT) + '

pa %
c 2P

	

- c 1PI + M) + D2( Pl aI - Pl at + Q)

	

( 27)

N

	

N
+

( D~N) 2PczP' - c A, r + MN) + ( DN) 2 Q( P1aN®PBo2 + Q) = 0

Equat i on ( 27) i s an i mpl i ci t f unct i on of t he f or m

OFT = - Or

	

,

	

OrOPI

	

I OPd

	

87T1

8r __ 8, 3S

	

> 0
OFT OFT

r ( FT . p1 , p8zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" P9) = 0

However , t he pr i ces of basi cs pB 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 p1 i n

equi l i br i um

Fr om t he Appendi x eqn ( A . 13) we obt ai n :

PB = PB( PI )

	

and

	

PB = PRPI )

Ther ef or e, eqn . ( 27) i s act ual l y an i mpl i ci t f unct i on of p l and FT onl y

r ( FT. pl ) = r ( FT. pl . pi ( PI ) , Pf f ( PI ) ) = 0

	

( 28)

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
8pl , 8FT . or equi val ent l y i t s r eci pr ocal

Thi s equat " l 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 ( 27) and ( 6) .

Ther ef or e t he si gn of ( 29) i s al ways t hat of - 8r / , 8p 1

( 25)

( 29)



We may now comput e t he der i vat i ve - 8^ / 8pI .

	

Fr om, ( 27) and ( 28) we

obt ai n

act w f l a2r

N N, , I v

-
_8P

- ( DN) 2

MmM

~1BV) 2

	

N- cNPI ) _
a

( DN)

~
	 )

aNc N I V PNQNa N

( DN) 2P# ( DN) 2

Fr om expr essi on ( 30) we may comput e t he changes i n pl as FT changes . pr o-

vi ded we know t he si gns of t he der i vat i ves Bpi / 8p, and Opf / 8pI 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 wi t h r espect t o t he pr i ce of i ndust r i al goods 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 - RD = 0:

D PB D

	

PB

- 13-

a ( ! ~) 2 = 0

	

( 31)

( see Appendi x eqn. ( A. 11) ) . 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 :

r
= PI aj _PBa2 y B

	

32
D ( )

w _ PBc2_PI CI + M

PB

	

DPB

( see Appendi x eqn ( A 7) ) . Equat i on ( 31) 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 eqns . ( 31) and

( 32) gi ve r eal wages and pr of i t s as f unct i ons of commodi t y pr i ces . ( 31) 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

_
~ i qj ~

	

. 8( u~ l PB)

	

_a' k .

	

8r

	

ay

	

. 8( u; / PB)

	

6- ~

	

8r

8( w/ PB)

	

8p I

	

+ br

	

8pI

	

l

	

a( w/ PB) .

	

Spa	 + 8r

	

&PB

( 33)

* ( PBzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" Pl ) =AI - =0
PB

- ( pB. pj ) . r ( PY . Pr ) I ( 34)

Fr om ( 34) . by t he i mpl i ci t f unct i on t heor em. i n each r egi on-

OPB

_-OPI ( 8P , /
( 35)



wher e

A = a( c 2 / D - 2wI PB)

®14°

Fr om r el at i on ( 40) we may now det er mi ne t he si gn of apB / aPl i n bot h t he

Nor t h and t he Sout h .

	

Fi r st not e t hat ap B / apl i s al ways posi t i ve i n t he Nor t h
si nce p t > b 2 , so t hat p1ci - M > 0, and G > 0 by assumpt i on

	

I n t he Sout h

A < 0, but f l i s r at her smal l . Ther ef or e, ( 40) 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 eqn ( 27) and comput e pg %apl .

	

As a i s
l ar ge i n t he Sout h and P i s l ar ge i n t he Nor t h, we have f r om eqn . ( 30) t hat t he
expr essi on f or - pg i apl i s domi nat ed by t he f ol l owi ng t er ms :

aM

	

8PB

	

ac ~~!

	

apE a2PNQX

	

PNQNaN

D2P

	

( M - C' PI )
8P1 + DZPB + 8P1

	

( DN) 2

	

( DN) z

- ~U- > 0
aPt

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

P11E = r K - FT

( 41)

Her e M- c1PI = c1 6 2 - Li ce - CI PI i s negat i ve as c I 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 i . As Q' ?~ < 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. s o t hat t he f our t h t er m domi nat es .
Hence we have t hat

Thi s i mpl i es t hat t he pr i ce of i ndust r i al goods pl r i ses as t he t r ansf er t o t he
Sout h i ncr eases, i . e

OPI

aFT > 0

	

( 42)

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 ^l as pl

Fur t her mor e, f r om ( 32) and ( 33) we f i nd t hat t he par t i al der i vat i ves

P( w APB) __

8P1 DPB
<0 ( 36)

ar = aj
>0 ( 37)

apl D

8( W/ " )0 pl c'- - ~ > 0 when p l > 62 ( 36)
8PB Dpj

and

_
8PB D

0 ( 39)

Ther ef or e we obt ai n f r om ( 35) and ( 39)

8PB c i a j Pa2 ( PI C
-

T
)

a?
_

~
+

,
/ e + ( 40)

8P1 DPB D2 DPB DZ



As l f f = l k- Xf and p, Xf = X' = Of f .

Pl i k = r X + Og - FT

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 ~e

gi vi ng

P/ = [ ( - Q/ D) + r , l ( ai / D)

	

_ .

wi t h

15-

' OP!
=D/ a, > 0

	

( 43)

Hence as FT r i ses, p, 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 . We can r ewr i t e t he mar ket - cl ear i ng condi t i on f or t he B mar ket . eqn .

( 7) , as

aczw

	

Pa2r _

	

_t u

DPB

	

D

	

a

( p8I ' =
0

( see Appendi x eqn . ( A . 11) ) . I mpl i ci t di f f er ent i at i on gi ves :

8( w / pB)

	

- azB

8r

	

-

	

D6
( 44)

wher e t 3 = a( c2/ D - 2w l pB) .

	

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

t hat

d( W/ PB )

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 .

I p - r K- FT = Pr e- FT

8I f f -
2dr

8r N
- 1

8FT 8FT

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

B1~=
wL / pB = a( w / pB) 2	 ( 47)

so t hat B, 1qV al so r i ses wi t h FT by ( 45) . ( 42) . and ( 43)

	

We have now pr oven poi nt

( i i i ) of Theor em 1 .

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

	

We have, by i nver t i ng

( 12) and ( 13) .

X~= I S- I p =
a

D
K

-
c
~L

	

r K + FT

Fr om' 3) and ( 4)

_

	

CL I

	

c 1 w

XN _

	

r

	

DPB

_

	

- pr Z

+
FT

( 46)



Hence

8Xr
_P( ! ~L- 2r ) - cl

8( w I PB) + 8FT apt
8r

	

D

	

D 8r

	

apt 8r

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 ( 45) t he second

t er m i s negat i ve . and by ( 44) i t cont ai ns P. As Qi s l ar ge, t hese t er ms domi nat e,

and

ax, N
<0

8r

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 ,

a MS

Sr N
<0

Her e y4 i s l ar ge and Q i s negat i ve, by assumpt i on r r i ses, by ( 43)

	

Hence

813Y _ aX, so

-WT

	

8FT > 0
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We next check what hapens t o t he vol ume of oi l t r aded .

	

Thi s equal s oi l

demanded t o t he Nor t h, 131, whi ch f r om Appendi x eqn ( A. 3) i s

- awm_ Pr Q

DPB

	

D

Thi s pr oves poi nt s ( i ) and ( i i ) of Theor em 1 .

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 BMf / 8r s < 0 . As

8Mj _ 8mj Or N

8r s

	

_
Or N

	

Or s

t hi s wi l l i mpl y f r om ( 49) t hat 8r N/ Br s > 0, whi ch i n conj unct i on wi t h ( 42) and
( 43) gi ves t he desi r ed r esul t .

Mh - - ! ~ - 13F

= r K + , 6 s + FT - I s

v Pr ay cl aw
=pr Z -

	

+

	

+ -6S + FT
D

	

DPB

a MS

	

8( w / PB)

	

8, 3s

	

8FT

	

LM- I s
Or s

	

-
~( 2r - a~/ D) + ( c l a/ D) (

	

8r

	

) + ( eMj s + 8ddj s )

	

8r s

81dj
( 1-

8J s - 8FT ) = P( 2r _ a l / D) + c ~a/ 17 (
a ( w

8

PB) )

8r s amj ams

Now

" s _ a$s Or N

I
<0

8M

	

8r N 8M!

( 49)

( 50)



by ( 49) . ( 42) . ( 43) , and ( S) . Si mi l ar l y . OFT / 8Al < < 0 . By ( 44) , O( w / PB) / Or < 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

Dr s
< 0 so t hat

	

8F
Or s

T > 0

	

( 51)

I t now f ol l ows f r om ( 44) and t he t act t hat AS < 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 ( 3) and ( 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 Theor em 1 .

Theor em2. Suppose MS > 0, i . e . c l bz- b l c2 > 0 i n t he Sout h. Let pg be

smal l and Pt > b? 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 1 .

	

Then an i ncr ease i n t he f i nanci al t r ansf er 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 em 1 : i t l eads t o a f al l i n pt , t he

pr i ce of t he i ndust r i al good, and a r el at i ve i ncr ease i n t he pr i ce of oi l . even

t hough oi l suppl 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 con-
sumpt i on of basi cs i ncr 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 1 . t he si gn of aFT / ap t equal s t hat of

ar / Op t . Thi s i s gi ven i n eqn . ( 30) . or appr oxi mat el y i n ( 41) . The l at t er may
al so be wr i t t en as

am

	

aPB
( R - c1Pt ) 1+c~ + PQ

apg , a 2 - a N

~Pa apt

	

PB

	

( D
M) 2 aPt

Now not e f r om ( 40) t hat f or l ar ge PN.

Op B _ _a i

Opt

	

a 2
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Hence t he second t er mabove i s zer o and ( 41) can be expr essed as

OPB

	

1

	

OPB b I

	

am
~c~ ( b2 Pt )

8pt PO + 1

	

OPt PB
2

D?pg
( 41)

Under t he condi t i ons of Theor em 2. t hi s 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 . Pt f al l s wi t h FT.

The r est of t he t heor em f ol l ows i mmedi at el y . I nequal i t y ( 43) 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 ( 44) i mpl i es t hat r eal wages i n t he Nor t h
f al l . I nequal i t y ( 48) t el l s us t hat t he Nor t h' s expor t s ( and t he Sout h' s i mpor t s)
of i ndust r i al goods wi l l i ncr ease, and f r om ( 50) we t hen know t hat oi l expor t s of
t he Sout h f al l ( 52) 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 ( 44) agai n pr oves t hat r eal wages, empl oyment , and consumpt i on of basi c
goods r i se i n t he Sout h Thi s compl et es t he pr oof .

The mai n di f f er ence i n t he condi t i ons of Theor ems I and 2 . whi ch r ever se
t he r esul t s, ar e f i r st , t he si gn of Ms and second . 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 . The si gn of XS i s posi t i ve i n
Theor em 2, and negat i ve i n Theor em 1 . I t seems mor e pl ausi bl e t hat YS
shoul d be negat i ve, si nce t hi s happens 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 2 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 em 1 . Ther e, t he t r ansf er i ncr eases oi l sup-
pl i es, and t hi s l eads t o l ower oi l pr i ces . I n Theor em 2. 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 . 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 eval uat e t he r esul t s, but . a pr i or s,
t he condi t i ons i n Theor em 1 appear mor e i nt ui t i vel y nat ur al t han t hose i n
Theor em2 .

A f i nal poi nt i s t he st abi l i t y of t he equl l i br i a under t he st andar d Wal r asi an
adj ust ment pr ocess i n whi ch pr i ces i ncr ease wi t h excess demand, and decr ease
wi t h excess suppl y . Thi s i s a r at her speci al i zed i ssue si nce t he model has con
st ant r et ur ns t o scal e . The Wal r asi an st abi l i t y of a cl osel y r el at ed model ( Chi -
chi l ni sky 1981b) has been st udi ed i n Heal and McLeod ( 1983) and t he
i nt er est ed r eader i s r ef er r ed t o t hat paper f or a det ai l ed anal ysi s .

4 . CONCLUSI ONS
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We have consi der ed a si t uat i on wher e an i nf l ow of capi t al i nvest ment i nt o a
count r y' s oi l sect or has al l owed t hat count r y t o r un a def i ci t on i t s bal ance of
t r ade

	

The capi t al i nf l ow i s, of cour se . mat ched by an accumul at i on of i ndebt
edness t o f or ei gner s . An i nf l ow of f or ei gn capi t al . whet her used f or consump-
t i on or f or i nvest ment , i nevi t abl y af f ect s t he i nt er nal equi l i br i um of t he r ecei v-
i ng count r y . Consumpt i on 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 t 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 domest i c equi l i br i um al t er s . A cr uci al f ac-
t or i n det er muxi 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 of a si gni f i cant si ze bef or e havi ng a measur abl e i mpact on pr i ces,
and t he cases we di scussed her e, wher e t he l oan i s of t he or der of 100 bi l l i on
US dol l ar s, cer t ai nl y f i t t hi s descr 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
l oan f r om one t r adi ng count r y t o anot her . Our model has enabl ed us t o i den-
t 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
assumpt 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 ng 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 eadszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� 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 em 1 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 end-
i 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 . Pr i vat e f i nanci al i nst i t u-
t i ons maki ng t he l oan mi ght of cour se be st r ai ned i n such a si t uat i on . Ther e
coul d t hen be an ar gument i n f avor of t he gover nment compensat i ng banks i n
t he case of t empor ar y l osses . i n vi ew of t he posi t i ve ext er nal i t i es t hat t hei r
act i ons have gener at ed f or t he r est of t he economy . Obvi ousl y, such a pol i cy
woul d r equi r e ver y car ef ul anal ysi s of t he macr o ef f ect s and of t he i nt er na-
t i onal mar ket s concer ned .
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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. As Theor em 1 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 sum-
mar 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 um pat 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 conse-
quences goi ng t 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 ead-
i ng i nst i t ut i ons .

Theor ems 1 and 2 have i ndi cat ed t wo ver y di f f er ent possi bl e out comes . 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 sUngui shui g
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 hus 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 oan 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 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 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 . Thi s di st i nct i on bet ween
r ecei vi ng and r epayi ng a l oan wi l l be devel oped f ur t her i n a subsequent paper .

Fi nal l y . we poi nt out a connect i on bet ween t he pr obl em t hat we have st u-
di 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 om one 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 . 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 gen-
er al equi l i br i um model s For sur veys of t hese r esul t s, see Chuchi l ni sky ( 1980) .
Jones ( 1983) . and Geanakopl os and Heal ( 1983) . Our pr esent Theor em I pr o-
vi 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
( Theor em 1) . even t hough t he r ecei ver expands i t s pr oduct i on capaci t y .



APPENDI X 1 : Anal yt i c Sol ut i ons

Thi s appendi x gi ves an expl i ci t anal yt i c sol ut i on t o t he model . and

pr esent s t he r esul t s of numer i cal si mul at i ons on t he ef f ect s of r eschedul i ng

t he debt r epor t ed i n t he paper .

I n or der t o sol ve t he model we consi der f i r st
expor t ed wi t h ol l i mpor t ed :

XS - Me

I n vi ew of ( 6) . ( 9) . and ( 6) ' . t hi s equal s

i 3s( FT) - ' OD = '3D

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 ( 14) . ( 12) ,

wher e

' dD
=

D
- ' ( c LL - a2K) + ~a1K- cI L)

D PS

	

D

M =cj b2- b1C2

	

Q= a2bI - al b2

Ther ef or e, we may r ewr i t e ( A. 2) as

, 3S( FT) -
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' - M- Er Q = ° ` N ( w ) NMN -

	

n' r NQn'
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( A. 4) 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 l 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 . PH and p, .

Recal l t hat oi l i s t he numer ai r e ( p d = 1) . Fr om t he pr oduct i on f unct i ons ( 1)

and ( 2) we obt ai n t he associ at ed compet i t i ve pr i ce equat i ons

pa = a l ' c' + b i pe + c' r

PI = a2w +b2Pe + c2r

( pB- b2I = ~a2 ~2

20

t he equat i on equat i ng oi l

si nce p, 6 = 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 :

( A. 2)

and ( 13)

( A. 3)

( A 4)

( A . s)

( A. 6)
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Subst i t ut i ng w/ pB and r f r om ( A. 7) i nt o ( A5) , we obt ai n a new I mpl i ci t f unc-

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

Recal l t hat pa may be di f f er ent f r ompB because B i s not t r aded i nt er nat i on-

al l y . The l ast st ep i s t o subst i t ut e pB and pB as f unct i ons of pl i nt o ( A. B) . 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

Si nce FT i s an exogenousl y gi ven par amet er , ( A. 9) i s an anal yt i c sol ut i on t o t he
model . f r om ( A. 9) we may comput e t he equi l i br i um l evel of i ndust r i al pr i ces

pj ( FT) . 1t i s easy t o check t hat once pJ i s known, we may sol ve f or t he equi l i -

br i um val 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( p/ ) , we use anot her mar ket - cl ear i ng con-

di t i on . t hi s t i me i n t he B- mar ket :

or

* ( FT. pl . PB. PB) = 0

	

( AB)

X( FT . Pl ) = 0

	

( A9)

BS = BD

Fr om( 12) and ( 13) t hi s can be wr i t t en as
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f r omwhi ch we obt ai n
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( A. 7)

( A. 10)

( A. 12)

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 ( A . 12) .

Usmg agai n t he f act or - commodi t y pr i ce r el at i ons, ( A. 12) yi el ds an i mpl i ci t
r el at i on bet ween pB and p/ , as desi r ed :
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( A. 13)



Subst i t ut i ng ( A. 13) i nt o ( A. 8) . we obt ai n t he desi r ed r el at i on ( A. 9) bet ween FT
and pt

y( FT. pt ) = 0

Fr om ( A. 9) we may t hen comput e p! =pj ( FT) . Fr om ( A. 13) we obt ai n ps( N)
and p; ( S) . and f r om t 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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ( N) and r " ( S) . and of r eal wages . ( w / pB) " ( N) and

( w/ pB) " ( 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 ( 12) and ( 13) we obt ai n t he out put of
B and 1 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 1 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
( 40) , expor t s of oi l f r om t he Sout h . Fr om ( 14) we obt ai n oi l demanded i n t he
Sout h, t hus compl et i ng t he comput at i on of t he equi l i br i um.
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A . Li st i ng of Equat i ons of t he Model : Syst em of si mul t aneous
equat i ons sol ved by

	

TK- sol ver sof t war e package

F\ nani ci al Tr ansf er s
" Mi sc . Det er mi

" U . S . - Mexi co Model wi t h
* D=a1* c2- c1* a2
* Ds=a1s* c2s- c1s* a2s
* M=c1* b2- c2* b1
* Ms=c1s* b2s- c2s* b1s
* Q=a2* b1- a1* b2
* Qs=a2s* b1s- a1s* b2s
* w=( M+c2* PB- c1* Pl ) / D
* ws=( Ms+c2s* PBs- c1s* Pl ) / Ds
* r =( a1* PI - a2* PB+Q) / D
* r s=( a1s* PI - a2s* PBs+Qs) / Ds
* K=b* r +SK
* Ks=bs* r s+SKs
* L=a* ( w/ PB) +SL
* Ls=as* ( ws/ PBs) +SLs
* BS=( c2* L- a2* K) / D
* BSs=( c2s* Ls- a2s* Ks) / Ds
* l S=( a1* K- c1* L) / D
* I Ss=( a1s* Ks- c1s* Ls) / Ds
* NT=Fn- Fs
* OSs=( NT* sh) * k+SOS
* OS+OX=b1* BS+b2* I S
* Bd=( w* L) / PB
* Bds=( ws* Ls) / PBs
* BS=Bd
* BSs=Bds
* l ds=l Ss+Xl
* I d=I S- XI
* L=LD
* K=KD
* Ks=KDs
* Ls=LDs
* Pl * Xl =PO* OX
* TOS=OS+OSs
* TOD=b1* BS+b2* I S+b1s* 8Ss+b2s* l Ss
* TOS=TOD
* TI S=I S+l Ss
* l I d=l d+l ds
* wexp=PO* OX- Pl * XI
* PBs* BSs+Pl * ( l Ss+Xl ) =ws* Ls+r s* Ks+PO* OSs
* PB* BS+PI * ( I 8- XI ) =W' * L+r * K+PO* OS
* Sdual =c2s/ Ds- 2* ws/ PBs
* Ndual =c2/ D- 2* w/ PB
* NGNP=PB* BS+Pl * l S
* SGNP=PBs* BSs+PI * l Ss
* PP=1/ Pl

" Capi t al Suppl y

" Labor Suppl y Equat i ons

" Net Fi nanci al Tr ansf er
" Oi l suppl y depends on NT and k ( capi t al out put
" oi l suppl y = demand
" Basi c Good, S=D
" Basi c Good, S=D

" I ndust r i al Good, S=D

" Equi l i br i um Condi t i ons

" Bal ance of Tr ade

nant s

" Wal r as , Law

" Dual i t y I ndi ci es



2b , Exogenous Par amet er s and Endogenous sol ut i ons



St I nput

, 5 . 55

Name

SOS

Out put

®26-

Uni t Comment

U. S . Mexi co Test Dat a 1: 4- 84?
Mex oi l suppl y i nt er cept

L 53 . 7875 Fn $80 Fi nanci al f l ows f r om t he U. S .
55 Fs Fi nanci al f l ows f r om Mexi co
1 . 1. 86 k Pet r ol eum capi t al out put r at i o
1 =_. h Shar e of capi t al i nf l ow i nvest ed i n pe
9 . 0484549 MBD U. S . of t suppl y
1142 . 4624 ' L K U . S . Capi t al I nt er cept
106 . 32042 SL U. S . Labor I nt er cept
8 . 052052 a U. S . Al pha
3783 . 0258 b U. S . Bet a
13 . 388079 as Mex Al pha
955 . 61479 bs Mex Bet a
11 . 54 SLs Mex Labor I nt er cept
246 . 7{ 281 SKs Mex Capi t al I nt er cept
. 08179253 a1 U. S . l abor i nput
. 06475242 a2 U . S . l abor i nput
. 0649' ' 331 bl U. S . Oi l i nput
. 02782428 b2 U . S . . Oi l i nput
. 74613511 ci U. S . Capi t al I nput
1 . 3952113 c2 U . S . Capi t al I nput
. 32017112 al s Mex Labor i nput
. 15762271 a2s Me>. l abor i nput
. 1899686 b1 s Mex OI L i nput
. 06449843 b2s Mex OI L i nput
1 . 2904133 c1s Mex Capi t al i nput
3 . 5938466 c2s Mex Capi t al I nput

L I d 626 . 23747 Capi t al Goods Demand i n t he U. S .
L PB 1 . 1730468 Pr i ce of basi cs i n t he U. S .
L PBs 2 . 0886154 Pr i ce of basi cs i n Mexi co
L PI 1 . 1261535 Wor l d Pr i ce of Capi t al Good=_.

32 PO $80 Pr i ce of pet r ol eum
L PP 28 . 415310 $80 Ter ms of t r ade
L OSs 3 . 7457175 MBD Mexi co' s Oi l Pr oduct i on
L Ox 2 . 0213063 MBD Oi l Expor t s
L 20 . 964166 Capi t al Goods Expor t s
L ws 5 . 9885036 Mex wage r at e
L r s . 03275902 Mex Pr of i t Rat e
L K 2181 . 9551 U. S . Capi t al Good=_. Suppl y
L L 182 . 11085 U . S . l abor suppl y
L r . 27477811 U. S . Pr of i t Rat e
L w 11 . 041374 U . S . wage r at e
L BS 1714 . 1293 U. S . suppl y of Basi cs
L Bss 143 . 14976 Mex Basi c Good Suppl y
L i s 647 . 20163 U. S . Capi t al Goods Suppl y
L I ss 25 . 973689 Mex Capi t al Goods Suppl y
L Ls 49 . 926463 Mex Labor Suppl y
L k: s

v
278 . 06781 Mex capi t al st ock

Bd 1714 . 1293 U . S . Basi c Goods Demand
Bds 143 . 14976 Mex Basi c Goods Demand
I ds 46 . 937855 Mex Capi t al Goods Demand
LD 182 . 11085 U. S . Labor Demand
LDs 49 . 92646' 3 Mex Labor demand
KD 21 ; 31 . 9551 U. S . Capi t al Demand
KDs 278 . 06781 Mex Capi t al demand
NT 43 . 03 $80 Net f i nanci al t r ansf er s
M - . 0698211
Ms - . 3803653
D . 06580381
Ds . 94724745
a . 00192812
Os - 3 . 177E- 4



2c' . Backgr ound Dat a
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2d . Resul t s of Si mul at i ons



®31-

i ' w : aOS9 : bi > b2' ) Nor t her n Var i abl es

i = n pp FS Pes P I I ci Ws

32 . 2725 34 . 0888178 . 914516841 . 7zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 14766882 . 938724252 820 . 064008 1 . 03146752
3: 3 . ; . 14825 33 . 75740 70 . 927438634 . 733417546 . 947940108 E: i 4 . 1 :: . 5785 i . 08' 167339
34 . 424 33 . 4331172 . 940307566 . 7541 37708 . 957134801 80i.. 68899 l . 15575974
35 . 49' 975 33 . 1186351 . 953005310 . 77745736i . 966223394 790 . 259246 i . G. 3 i 85307
36 . 5755 32 . 81 78878 . 965354568 . 804166411 . 975077988 779 . 144550 1 . 321i 2451
' 37 . 65125 32 . 537003. 2 . 97707470i . 8 ;: 55330 i i . 93' 3495524 768 . 838783 1 . 42863204
: 38 . 727 : 32 . 2865524 . 987680855 . 873825090 . 99112471i 4 759/ . 7 i O987 1 . 56354870
39 . 80275 : 32 . 0 878052 . . 996200128 . 923862717 . 5' 97260 T98 752 . 5i 2537 1 . 74503187
40 . 8785 31 . 999' 1827 1 . 00000077 . 999' 115617 1 . 00000054 749 . 3387' 14 2 . 02384347
41 . 5. 5425 32 . 3708998 . 98405' 23 ; 34 1 . 20495038 . 988542i 8c. 762 . 7785i 4 2 . 82335258
4 ; 3 . 03 32 . 5135153 . 5' 78063190 1 . 42562704 . 984206090 767 . 980182 3 . 66650443
44 . 10575 32 . 2540031 . 989070197 1 . 53002495 . 992124914 758 . 5259014 4 . 05407772
45 . 1815 31 . 9148182 1 . 0037007 1 . 61056996 1 . 00266904 746 . 271 1 ' 16 4 . 64302423
46 . 25725 31 . 5, 377292 1 . 0203005c/ 1 . 67965860 1 . 01465771 7 ; . 12 . 771003 4 . 53331 : 390
47 . 333 31 . 1362644 1 . 03837379 1 . 74292248 1 . 02774050 718 . 546613 4 . 81101399
48 . 40875 ; 30 . 7164441 1 . 05773147 1 . 80281566 1 . 04178726 703 . 8 : 37644 5 . 01911250
49 . 4845 30 . 2814013 1 . 07830509 1 . 86076714 1 . 05675427 688 . 774243 5 . 218590 57
50 . 56025 29 . 83291 24 1 . 10008564 1 . 91771559 1 . 07264033 673 . 436826 5 . 41301048
51 . 636 29 . 3720246 1 . 12309931 1 . 97433732 1 . 08947191 657 . 8713418 5 . 60490413
52 . 7 1175 23 . 8' " 193751 1 1 . 147399651 2 . 03115332 1 . 10729038 1, 42 . i 36200 5 . 79620309
5 ; 3 . 7875 28 . 4153098 1 . 17304680 2 . 081301544 1 . 1261534' 3 626 . 237469 5 . 98850301

NSMOS10 Li st of Var i abl es

r s r w OX OSs Sdu a 1 SGHP

. 193017110 . 296207419 7 . 03508732 1 . 07975067 2 . 15325243. . 9078243. 82 130 . 702837
. 198028599 . 294947169 7 . 45450074 1 . 135` 77608 2 . 23287571 . 822493933 1 : 3 ; 3 . : 358107
. 197688538 . 29' 3712032 4 . 02 : 316481 1 . 19786324 2 . 31249896 . 728873305 136 . 1' 18653
. 196440119 . 2925146013 8 . 1493 ; 3631 1 . 25 : 361800 2 . 39212222 . 6250 615 : 38 139 . 263552
. 1 ?54285799 . 291368766 4 . : . =: 5077224 1 . 30640784 2 . 47174547 . 508289901 142 . 636193
. 193054292 . 290 25' 3685 4 . 50342435 1 . ; 35524371 2 . 55136872 . : 374227100 146 . 4i 04i 4
. 1 89201 1, 39 . 249344389 8 . 04219709 1 . ; : 9340979 2 . 03099197 . 215 : . 158381 150 . 324024
. 183008845 . 244588736 8 . 75 : 32520 : 3 1 . 43239492 2 . 71061522 . 0163020' 70 156 . ; 36107, 3
. 171279621 . 284254251 8 . 80277019 1 . 447 ; 36302 2 . 79023444 - . 2060403 i 64 . 576' 30i
. 1 : 33288736 . 245' 030055 4 . 595 : 39340 1 . 34 : 391228 2 . 80980173 - . 89220010 188. 373944
. 095102303 . 290209204 8 . 51072049 1 . 35930759 2 . 5' 4948498 - i . 34' 171 85 2P-7' . 241237
. 040307203 . 289220969 8 . 66031370 1 . 40399350 3 . 02910423 - 1 . 50 : 32951 235 . 503761
. 070504220 . 247930314 8 . 45090075 1 . 46142149 3 . 10873148 - 1 . 5991627 244 . - 31 L: 609
. 063124006 . 246497241 9 . 06694443 1 . 52534407 3 . 18835474 - 1 . 0099944 259 . 604304
. 057014452 . 2449744' "; 5 9 . 30184029 1 . 59210292 3 . 20797799 - 1 . 7" 266396 270 . 032809
. 051800406 . 243385824 9 . 55300007 1 . 66094877 3 . 34760124 - 1 . 7740925 280 . 044441
. 047210108 . 281744553 9 . 41950641 1 . 73126400 3 . 4272449 - 1 . 8150451 28' 1 . ! 5727 i
. 043109525 . 240054012 l 0 . 1011763 1 . 80267020 3 . 50684774 - 1 . 3512401 299 . 340518
. 039376555 . 278 ; 33 -3200 10 . 3982818 1 . 87491925 3 . 58647100 - 1 . 8837682 08 . 850221
. 0 : 35944108 . 2765722J0 10 . 7114057 1 . 94783931 3, 00009425 - 1 . 91 : 33040 318 . 505083
. 03, 275901 7 . 274774114 i i . 0413738 2 . 02180624 ; 3 . 7457175 - 1 . 9404351 ; . 123 . 235104
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