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ABSTRACT

The paper studies a two-region economy , with two sectors and
three factors of production : oil, capital and labor. The South
exports 0il in exchange for industrial goods from the North.
There is a net capital inflow to the South. This equals the
difference between its export revenues and import costs, and
represents the South's indebtedness. This overseas borrowing
finances the development of the oil sector: increased borrowing
leads to higher o0il supplies, to new levels of consumption and

a new distribution of income in the South, as well as to new levels
of exports from the North. The paper studies the macro impacts of
changes in the value of the debt on both the borrowing and the
lending regions. The results are illustrated by simulations with
data for the U.S.A. and Mexico.
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RESOURCES , TRADE AND DEBT:

The case of Mexico

1. INTRODUCTION

A great deal of attention has been given recently to the debt problems of
developing countries, most notably Argentina, Brazil. Ecuador, and Mexico.
Their debts currently total about 300 billion US dollars, of which Mexico's share
is about one third. Ecuador and Mexico are particularly interesting cases
because their current difficulties follow a period of concentration on oil
exports, an activity which was widely recommended, and which it was generally
thought would improve rather than worsen their balance-of-payments condi-
tions.

Experience has not fulfilled these expectations It is now clear that the
relationship between resource export policies and debt 1s rather complex, and
poses a challenge to the economist. In the case of Mexico, it is generally
accepted that much of the borrowing was used to finance the development of
its oil export sector. Sterner (1982) shows that about 30% of Mexico's out-
standing debt was used to finance investment in PEMEX, the national oil com-
pany. It appears therefore that there exists a link between borrowing and oil
exports, and the macroeconomic impacts of borrowing and of resource exports
must be jointly analyzed and balanced against each other. It is the purpose of
this paper to explore these links.
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A first concern is the impact of increasing oil exports on the exporting
country. This was studied in Chichilnisky (1981a) within a two-region, two-good,
and three-factor general equilibrium model. It was shown there that increasing
oil exports may have either a positive or a negative impact on the terms of
trade, on domestic consumption, and on the distribution of income of the oil
exporter, depending on the structure of the economy. The degree of dualism
in production and the initial levels of wages and profits played a crucial role in
determining the outcome.

In this paper we extend Chichilnisky's model to study the impact of debt
on the resource-exporting economy. The model is extended to allow for an
imbalance in the trade account, which is matched by an inflow of overseas
investment or a financial transfer. This imbalance represents the debt owed to
foreigners, and is directed towards the expansion of oil supplies. Except for
the wedge between export revenues and import costs, which represents the
debt, the model is consistent with a standard competitive general equilibrium
specification. Prices of all goods and factors in the two regions are free to
adjust to market conditions.

The introduction of the debt wedge changes the main relations in the
model: the operation of Walras' Law or the national income identity in both
countries is altered. Overseas investments lead to changes in oil supplies and
consequently most variables adjust. As the debt increases. a new equilibrium
emerges with different prices and levels of imports and exports. There are also
changes in all domestic variables in both South and North' real wages, profits,
domestic use of industrial and consumption goods, and employment of the fac-
tors labor, capital, and ocil. This allows us to trace the impact of the debt on
the major macro variables of the two countries. The model could also be used
to examine the impact of rescheduling, i.e. repaying the debt over a different
time period, or of repaying it at a different rate of interest.

Following the macroeconomic impact analysis. two main questions
emerge: the first is, who benefits and who loses from the accumulation of debt;
and the second is, whether there exist debt-management policies that could
make both countries better off. after taking fully into account the recycling
eflect of borrowing funds on imports from the lender. For example, at present
25-30% of all machine-tool exports of the US are purchased by Mexico, and a
similar proportion of all US exports are purchased by Latin America.

The interest of the results lies in part in their simplicity and in part in the
fact that they account fully for the impact of the debt on all markets simul-
taneously. Fairly simple analytical solutions are obtained to the rather com-
plex questions posed. This is of course at the cost of somewhat stylized
assumptions.

We describe conditions under which increasing the debt leads the country
to export more oil In certain cases, this leads to lower prices of oil, lower
volumes of industrial imports, lower real wages, and higher profits in the oil-
exporting country. In other cases, the results are reversed, and real wages,
consumption, and terms of trade all improve in the exporting country. The
outcome depends on the technologies of the South and on the initial prices.

We also examine conditions under which the economy of the North actually
benefits in macroeconomic terms from itc loan to the South bscause of lower
oil prices, the consumption of both goods increases in tue Nortn when the
transfer or loan increases. This occurs mainly because the transfer leads to an
improvement in the terms of trade in the North, and because its production
system is integrated and efficient. This result is remimiscent of the argument
that British investment overseas in the nineteenth century benefited the
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country by developing overseas supplies of food and raw material, thus making
these supplies more elastic, keeping down prices, and improving the UK's
terms of trade. Essentially we are specifying here conditions for overseas
investment in material supplies to benefit the investing country even before
any financial returns are paid, or in the case of a loan, before the loan is
repaid. 3 :

The rest of the paper is organized as follows. To provide some empiric
background, we begin by reviewing the case of Mexico. We then present the
North-South model with debt, after which we prove the main theorems. The
conclusions summarize the results, and an appendix shows that, although the
mode! contains 33 independent equations, its comparative static properties
can be understood by studying a single implicit functional relationship between
one endogenous variable (the terms of trade of oil for industrial goods) and one
exogenous parameter (the value of the debt).

2. EMPIRICAL BACKGROUND: THE CASE OF MEXICO

In this section we review briefly the empirical material relating to a
number of the issues to be discussed below. The focus is on the case of Mexico,
which is an impcrtant exemplar of the phenomena under examination.

Curmudative invesimant in PEME X
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FIGURE 1 The relationskip between Mexico's cumulative balance-of-payments deficit
and investment in PEMEX, 1966~1981. (All Hgures are in billions of 1870 US dollars.)
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In the Introduction we mentioned that the accumulation of Mexican debt is
generally believed to have been associated with investment in PEMEX. Figure 1
presents data on this association. Mexico's cumulative balance-of-payments
delicit on current account is measured horizontally. The vertical axis
represents curnulative investment in PEMEX. All figures are in billions of 1870
US dollars, and data sources are given after the tables below. It is clear from.
Figure 1 that there is an almost one-to-one association between the cumulative
payments deficit and investments in PEMEX: on average. the cumulative defi-
cit slightly exceeds investment in PEMEX, but the two move wvery closely
indeed. This is confirmed by the regression in Table 1. It therefore seems jus-
tifiable to claim that investment in PEMEX was financed by the payments defi-
cit, and indeed this provides the empirical justification for an important
assumption in the model that follows.
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FIGURE 2 The relationship between Mexico's outstanding overseas debt and her cumu-
lative payments deficit, 1965-19881. (All figures are in billions of 1970 US dollars.)

What 1s the relationship between Mexico's cumulative current account pay-
ments deficit, and her outstanding foreign debt? Figure 2 addresses this issue.
Except for the period 1976-1979, these variables moved together. with the
debt consistently some US$2-3 billion in excess of the cumulative deficit. (Fig-
ures are again in billions of 18970 US dollars.) This interpretation of the graph is
supported by the regression in Table 2, and is consistent with the fact that
there was substantial private overseas borrowing by Mexican citizens which was
then used for the acquisition of overseas assets and which added to the accu-
mulation of overseas debt. In the model which follows, this borrowing to
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FIGURE 3 Mexicar imports, exports, and terms of trade, 1860-1982. (Exports and im-
ports are in billions of 197C US dollars.)

acquire overseas assets 1s neglected: it is assumed that indebtedness is equal
to the cumulative balance-of-payments deficit, and is used entirely to finance
investment in the oil sector. Obviously, this is a good approximation to the
data for Mexico; furthermore, it seems likely that borrowing to finance the
privale acqusition of overseas assets had little macroeconomic impact within
Mexico. The important macroeconomic changes were driven by investment in
the oil scetor, and by the consequent changes in oil output and oil exports. In
any case, we shall argue below that when the overseas investment by Mexicans
1s taken into account, the results are likely to be reinforced.

Figure 1 reveals that Mexico’s cumulative balance of payments deficit has risen
over time. Figure 3 shows the movement in imports, exports and terms of trade which
gave rise to this deficit. Exports rose steadily over the period, expecially after
Mexico became a net oil exporter in 1976. Due to the 1979 oil shortage, Mexico’s terms’
of trade improved dramatically in 1980, reaching their peak in 1981. In 1982 oil
exports again expanded rapidly, increasing nearly fifty percent over 1981, but late in
the year oil prices began to soften. By August of 1983 the average price of Mexican
crude oil exports had fallen about 20% (Mayan crude fell from $28.50 in 1981 to $23.00,
while the lighter "Ishtmas® crude fell from $35.00 to $29.00 per barrel). Having
borrowed heavily to develop its petroleum resources, the terms of trade began to shift
against Mexico just as it entered world markets as a major exporter. The downturn in
oil prices contributed to a dramatic devaluation and the large contraction of imports
shown in Figure 3. The theoretical model ot the next section explores the conditions




TANOLE 1 OIS regression of investment in I'EMEX, PMX/, on the cumulative current-
acount deficit, CCA.

PUXI = 0598 + 0.844CCA
(1.98) (19.36)
t -statistics in parentheses. RZ = 0.964.

TABLE 2 OLS regression of cumulative current account deficit, €C4, on outstanding over-
seas debt, D.

CCA = -1.46 + 0.753D
(-2.03) (10.76)

¢-statistics in parentheses. RZ = 0.885.

Data Sources: nr
All regressions cover the period 1965-1981.

PHXT Statistics on the Mexican Economy, NAFINSA, 108!,
CCA Warld Tables, 1881, World Bank.
D 1865-1872 International Financial Statistics Yearbook 1982,

1872-1981 Francisco Carrada-Bravo, “The Dynamics of Foreign Debt
and Energy Policy: The Case of Mexico.” Mimeo, Department of
Economics, University of California at Los Angeles.

TP World Tables, 1981, World Bank.
IT Warld Tables, 1981, World Bank.
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3. THE NORTH-SOUTH MODEL WITH DEBT

In this section we present the model, which is an extension of that of Chi-
chilnisky (1881a). There are two regions, the North and the South. Each pro-
duces two goods, denoted B and /, with three factors of production, capital X,
laber L, and oil 9. The South exports an input, oil, in exchange for a good. the
“industrial” good /. The “basic” good B is not traded internationally.

We first specifly the model for one region, namely the South. In what fol-
lows, the subscripts S and D will be used to denote supply and demand, and
the superscripts N and S to denote variables or parameters referring to the
North and South, respectively. All variables or parameters without a super-
script refer to the South. The superscripts B and / alter a factor (e.g. TAN o
denote the amount of that factor used in sector B or I, respectively. .

The basic good is produced according to the relation
Bg = min {Laiul.ﬂslbl.!{a/c,] (1)

and the industrial good according to
Is = min k"/uz. ol bz..ll’llcz] (2)

Labor and capital supplies are responsive to their rewards:

where w is the wage and pg the price of 5. and
Ks=gr. B>0 (4)
where r 1s the rate of profit. p; and p4 will stand for the prices of industrial
goods and of oil, respectively The demand for B derives from wage income
ppBp = wlL (5
The South produces oil (within given bounds), without using either domestic

capital or labor We shall assume that it uses the overseas borrowing or finan-
cial transfer FT to increase its oil supplies

155=135-(F'T). aﬁsfaFT)O (B)

This completes the behavioral specification for the South.
The equilibrium conditions for the South are:

Bs = Bp (7

where F is not traded internationally,
Ip =1ls + Mf . (8)

where M,s denotes the South's imports of /,
dg =dp + Xg (9)
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where ,\'5 denotes oil exports by the South,

Ks = Kp (10)
Ls = Lp (11)
Lp = Bsa, + Isaz (12)
Kp = Bscy + Iscg (13)
Op = Bgb, + Isby (14)

and the payments condition
PoX3 = piMf = FT (15)

Note that FT could be either positive or negative, depending on the relative
magnitudes of the debt service and the financial credit. However, as will be
seen below, the effect of a transfer (FT positive) is not symmetric with that of
a repayment (F7 negative), because of the irreversibility of the investment in
the oil sector. We assume that the entire financial transfer FT is used to pur-
chase industrial goods to augment the supply of oil. This means that the new
industrial investment in the oil sector is paid for by foreign loans. Hence, oil
supplies ¥g change as the debt level changes; the debt is assumed to increase
with increases in the level of the transfer (FT positive), but obviously, it does
not decrease when FT is negative, since the debt is not paid by selling the oil
production equipment. The balance-of-payments condition (15) is that imports
of industrial goods exceed export revenues by F7. As the demand for the basic
good B comes entirely from wage income (eqn. 5). the national income identity
((16) below) implies that the demand for industrial goods comes from the pro-
fit income 7K, oil revenues p,X3. and the borrowing FT, with the last of these
going to the oil sector. In the North we make a corresponding assumption,
namely that the financial transfer to the South is taken from income that
would otherwise have purchased industrial goods, so that the North's demand
for industrial goods is rX = FT.

In an equilibrium situation, Walras' Law or the national income identity of
the South is always satisfied (see e.g. Chichilnisky 1981a). i.e.

PpBp ~pilp = wL + 7K +pyd + FT (16)

where ¥ = U5 1s, as in (6). a function of FT. Equation (16) can also be rewritten
as

ppBs + pils + MP) = wl + rK + py(8p + X3) + NF (16)
The model of the North consists of the same 15 equations, but with possi-

bly different parameters a. B. ;. a. b,. b,. ¢;. 5. The following equation now
substitutes for the original eqn. (6):

‘l’s =0 ' (5)'
and. of course, the equations corresponding to (8) and (9) reflect the fact that

the North umports oil and exports industrial goods. In a world trade equili-
brium the prices of the traded goods must be equal:

ps =p¥ (17)
ef =pf (18)




and traded quantities must also match:
x5 = My (19)
xpf = up (20)

where X}¥ and &) represent, respectively, the North's exports of / and imports
of oil. There are therefore two sets of eight exogenous parameters each, one
set for the North and the other [for the South Each set contains
a, f.a,;.az by, by c;. and cz. These parameters are generally different in the
two regions. We shall make certain stylized assumptions to simplify computa-
tions: a is large in the South and relatively smaller in the North, indicating that
labor is more “abundant” in the South. The corresponding parameter for capi-
tal exhibits the opposite behavior: g is larger in the North than in the South.
We shall also assume that ¢, is small in the South. i.e. the production ol basic
goods uses little capital, and a is small in the North, i.e. Northern industry
uses little labor. There are a tofal of 33 independent eguations for the com-
plete North-South system: thirty correspond to two sets of (1) through (15).
one set for each region, and three equations arise from the international trade
conditions (17) through (20), since of these four, as usual, only three are
linearly independent. There are 17 endogenously determined variables each in
the North and in the South: p;.pg.pp.w.r.Ls. Lp. Kg. Kp. Bs. Bp. Is.
Ip. Mf.9¥s.¥p. and X5. Finally, we have the transfer FT, making a total of 35
endogenous variables for the complete North-South system. We therefore have
33 equations in 35 unknowns. When we choose the numeraire (ps'=1) an
equilibrium is determined up to one variable. If we fix exogenously one vari-
able, the equilibrium is (locally) unique. We choose this variable to be the value
of the transfer FT. The transfer or loan thus becomes a policy variable. In the
Appendix we show how to compute explicitly a solution to the model, i.e. a
value for each of the endogenous variables, for each policy sector F7T. In par-
ticular, we show that by successive substitutions the more important proper-
ties of the model can be obtained from the study of a single equation, giving an
unplicit relationship between the financial transfer FT and the price of indus-
trial goods relative to oil.

There are a number of determinants whose signs are important in the fol-
lowing sections, which determine factor intensities in the different sectors. In
total we have the following Lechnical input-output coefficients:

a, b ¢
az bz c3
in each fegion. The determinants to be used are:

D=gacpg=axcy M=cyiby=bjca @=azd,—a;b;

The assumptions are:
aY's'e, p¥yelcytien QN ¢0

The positivity of the determinant D implies that the basic goods sector is rela-
tively more labor intensive and the industrial goods sector relatively more cap-
ital intensive. The assumption (made above) that the basic goods sector uses
very little capital in the South implies that c§ is small and therefore that
MS <0. The industrial goods sector in the North was assumed to use little
labor: hence a.g is small and Q¥ < 0. The above assumptions on the signs of
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the various determinanls are maintained at all points below unless there Is an
explicil statement to the contrary.

4. MAIN RESULTS: TRADE AND DEBT

This section studies the impact of a change in the net transfer FT on the
economies of the North and the South. Before going on to the algebra, it seems
useful to explain the economics of this impact.

An increase in the transfer FT increases oil supplies ¥g, since the South
invests borrowed funds in expanding the oll sector. At the new equilibrium,
corresponding to higher FT. the total amount of oil utilized in the North and in
the South therefore increases. This in turn alters the supplies of both goods in
each region, possibly in different proportions. The composition of the product
changes in both regions

The changes in supplies lead to new equilibrium prices for the two goods.
The prices of the factors labor and capital also change as relatively more or
less labor and capital are employed. This implies that total income in the
North and in the South are different at the new equilibrium. The results in this
section give simple sufficient conditions for determining the signs of each of
these effects.

The first theorem gives conditions under which an increase in oil supplies
decreases the price of oil with respect to that of the industrial geod. While it is
intuitively plausible that the price of oil should drop as supplies increase, this
is not always true. The second theorem gives conditions under which the rela-
tive price of oil increases as the transfer increases oil supplies. Whether cne
or the other result obtains, depends on the relative strength of supply and
demand effects, and the general equilibrium solutions trace this in detail. The
results are obtained from various assumptions on technologies and initial
prices. iy

The next step is to explore the general equilibrium impacts of an increase
in the relative price of industrial goods. The rate of profit rises both in the
North and in the South. In the North, the rate of profit and the real wage move
together, because the North's economy is rather homogeneous. Therefore,
both wage and profit income Increase in the North, and we show that there is
also an increase in the consumption of both goods, even allowing for the loss of
national income due to the transfer. All this occurs because the transfer has
improved significantly the North's terms of trade.

In the South, because of the rather different technologies in the two sec-
tors, the real wage moves in the opposite direction to the rate of profit. The
transfer increases oil supplies and oil exports, but oil revenues in terms of
industrial_goods imported are reduced. Wage income and domestic consump-
tion of basics decrease as well. If one sought to improve wage income without
negatively affecting industrial consumption in the South, the economy of the
South would have to be made more homogeneous.

The second theorem explores a different set of assumptions, and arrives at
rather different conclusions. Now the transfer increases oil supplies, but it
also increases the relative price of oil with respect to industrial goods As the
terms of trade of the South improve, its macro variables react differently, and
so do the variables in the North. The conditions under which one or the other
result obtains are therefore quite relevant for policy, and should be deter-
mined empirically. The simulations in the next section are a first move in this
direction.
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A factor that plays an important role in determining the results of an
increase in the transfer FT is the sign of the expression

A= P:z/ D‘a““’PB] a

where D is the determinant of the matrix

a, -

az (=F]
The role and interpretation of this term have been discussed elsewhere (Chi-
chilnisky 1881a,b). Basically, the sign of this expression determines whether
income effects will dominate price effects, so that increases in supplies will be
proportionately larger or smaller than increases in demand as prices change.
We refer to an economy as dual if ¢/ D < 2w/ pg, since a large D would have
this interpretation. Conversely, the economy is homogeneous if
€2/ D >2w/pg. It should be noted that this condition can be written so as to
be independent of the particular units of measurement used.

Theorem 1. Consider a North-South economy as defined above. Assume
the economy of the North to be homogeneous (c3/ D > 2w/ pg) and that of the
South to be dual (c3/ D < 2w/pp). Suppose that at the initial equilibrium the
price of industrial goods and the rate of profit are relatively high in the North
(p; > bz and 2r > a;/ D). Labor is relatively abundant in the South (a large)
and capilal relatively abundant in the North (B large). In this case an
increase in the transfer FT to the South has the following consequences:

(i) Ou supplies and oil exports increase in the South.

(1i)) The North ezports, and the South imports, fewer industrial goods.
However, the terms of trade move in favor of the North (p; increases)
so much that its export revenues rise. There is a corresponding fall
in ol export revenues of the South denominated in terms of its
import [ .

(ii2) Profits and real wages rise in the North, so much that its consump-
tion of both goods tncreases.

(iv) in the South, profits rise, but employment, real wages, and consump-
tion of basics all fall. '

Prool. We consider first the market-clearing condition in the oil market:

X3 = uj (21)
From (6). (9). and (6)°. this equals:

V2(FT) -3 = o} (22)
From (14),

150 = bIBS - bz!s (23)

and from inverting {i2) and (13) we obtain:

b
¥ = F’(ch -azK) + E;—(a.llr-cll.) ; (24)




{2

In view of (3) and (4), we may rewrite (22)‘

ﬂS(F‘T)*-—;—H Lo- —(——)u” L-— (25)

where i and @ are the del.erminants defined above. Equation (25) gives an
implicit relation between real wages and the rates of profits in both regions,
and the transfer FT, which we denote as

o[r¥. 7% (w/pg)¥. (w/pp)S. FT) =0 : (26)
Since factor prices are functions of commodity prices (see Appendix eqn. A 7),

we obtain from substitution of (A.7) into (25) a function linking the transfer FT
to the pricesof F and /:

u
Os(FT) + J‘;—(Cng"-‘;m + M) + %(P!'H‘Pgﬂz + Q) (27)
I
N yN , N
s A (Kl -clp + 1Y) + —%Q(Prﬂf'iosﬂz +Q)=0
(D7 Ypg (D7)

Equation (27) is an implicit function of the form
N(FT.p;.pE.PE) =0
However, the prices of basics pg and pgr (which may be different since basics
are not traded) are themselves functions of the price of industrial goods p; in
equilibrium
From the Appendix eqn (A.13) we obtain:

pl =pb®)) and Py =pB(P))

Therefore. eqn. (27) is actually an implicit function of p; and FT only
T(FT.p;) = T(FT.p;.p5(p1)pBE(ps)) = 0 (28)

It 1s then possible to differentiate umplicitly across equilibria and obtain
8p,,8FT. or equivalently its reciprocal

oFT _ _[ar ar |
o1 | % ] & [GFTj (29)

This equation represents the change in the price of industrial goods that fol-
lows an increase in the transfer FT. By (27) and (6).

or _ 995
o 0
3FT _ BFT

Therefore the sign of (29) 1s always that of -8I'/.dp,;
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We muy now compule Lhe derivalive =87/ 8p; From. (27) and (28) we
oblain

or _ %8  am ,, . a28Q
%; % D%} \e=en) D? o
- ﬂcl” ﬂml
D%g D?
opf NyN a8 ¥
" B oy M et - —pme )

n"c?’h’" ﬂ”Q”c{v
+
(DN)ng (DN)Z

From expression (30) we may compute the changes in p; as FT changes. pro-
vided we know the signs of the derivatives apgi op; and Bpg/ Op; across equili-
bria.

The next step is therefore to compute the signs of the derivatives of the
price of basic goods with respect to the price of industrial goods across equili-
bria in each region. For this we utilize the expression relating the real wage
and the rate of profit in each region, derived from the market clearing condi-
tion Bg = Fp = 0:

acy, o, fa,r w \2
a(—)*=0 31
D pp D Ps’ B

(see Appendix eqn. (A.11)). and also the equations relating factor prices to
commodity prices:

_ pia;—pgaz* @
r- =

= (32)
co=prc, + M
soms

(see Appendix eqn (A 7)). Equation (31) is an implicit expression between real
wages and profits in each region, denoted A(w/pg.r) = 0. Since eqns. (31) and
(32) give real wages and prolfits as functions of commodity prices, (31) actually
gives an implicit relation between commeodity prices in each region. denoted

v(Pp.p) = ﬂ[;—;'(m-?!)-f (.PB-P!)] =0 (34)
From (34). by the implicit function theorem. in each region:
8pp 3y 8y
= - / 35
8p; {5}91 Opp e

=_[ oy %w’/pp) oy or /[ gy %w/pp) 8y _or
d(w/pg)  Op; or 8p; ) |8(w/pg)  Opp ér Opg
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Furthermore, trom (32) and (33) we find that the partial derivatives
dw’pg) e

<0 (36
8p; Dpp )
ar a,
= ¥4
%0, 5 >0 (37)
(w7 - M
(w/pp) = Bifs >0 whenp;>b; (38)
°Ps Dr§
and
- LB
Bop e <0 (39)

Therelore we obtain from (35) and (39)

(prcy— M) ) afp
Dp§ D?

{ ¢ a a
2t hy 152 2
Dpg D

dpp

= /|8
op;

(40)

where

A=a(cyg/D—-2w/’pg)

From relation {40) we may now determine the sign of 8pg/ dp; in both the
North and the South. First note that dpg/ dp; is always positive in the North
since p; > b, so that p;c,—¥M >0, and A> 0 by assumption In the South
A < 0, but £ is rather small. Therefore, (40) 1s also positive in the South. With
this information we may now return to eqn (27) and compute pg /9p;. As a is
large in the South and B is large in the North, we have from eqn. (30) that the
expression for —pg / dp; is dominated by the following terms:

aM 8p5 _ac, M opf afBVQN  pNQNaf
—2,.3 M —c,p;) & i Mz Ny2
D%p§ ép; D%p Opr (DV) (0™)

(41)

Here M -c,p; = cbp—b,cp-c,p; is negative as c, is small in the South.
Hence the first term is positive (because M5 < 0) and dominates the second,
which 1s multiplied by c;. As @" < 0. the third term is negative and the {ourth
positive But aj is small in the North, so that the fourth term dominates
Hence we have that

_32.9_>0

op;

This implies that the price of industrial goods p; rises as the transfer to the
South increases, 1.e

- op;

8FT

We next study the movements of the rate of return in the North ¥ as p;
changes. From the national income identity

pi1y =rxk-FT

>0 g (42)
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As 1) = ¥ -xP ond p,x}' = X3 = 9.
prif =rK+ of -FT
In the North, 8 is large. We can therefore neglect terms other than those in B.
giving b :
P = [(-Q/ D) + r] / (a,/ D)
with

——=D/a;>0 (43)

Hence as FT rises, p; rises and the profit rate_in the North r¥ rises Knowing
how r¥ moves enables us to find the sign of the change in the real wage in the
North. We can rewrite the market-clearing condition for the 5 market. eqn.
(7). as

acpw far

Dpg D

w
Pg

=0

(see Appendix eqn. (A.11)). Implicit differentiation gives:

8(w/pg) -—arf

55 DA (44)

where A = a(cp/ D -2w/pg). As A <0 in the North by assumption, we have
that
Aw/>pg)
Pp -

= 0 (45)

in the North Hence an increase in FT raises the real wage in the North, as well
as the profit rate. The next step is to show that the consumption levels of B
and / rise in the North.

If =rK-FT = pr3—FT

GIH arV

3FT - P oFT ! 8)

which 1s positive for large § Also,
B = wL/pB = a(w/pB)? (47)

so that Bg also rises with FT by (45). (42). and (43) We have now proven point
(iii) of Theorem 1.

Next we study the response of trade patterns to FT We have, by inverting
(12) and (13).

e Nzu.,K_c,L
xF=1¥-1} = 5k + FT
From {3) and (4)
I-I ch
xN = —fr - -8r%+ FT
SEa Tos gr




= 16 <

Hence
[} a (w7
Xfl=ﬁ( 1 zr)_i_l__ (w PB)+BFT 8p;
Br D D or dp; or

By the conditions of the theorem, the first term is negative. By (45) the second
term is negative, and by (44) it contains 8. As f§ is large, these terms dominate,

and
OXI
or 0 199
i.e the North's exports of the industrial good [all as FT and hence N rise.
This implies, of course, that the South's imports of industrial goods fall,
aMP
zg v <0 (49)
We next check what happens to the volume of oil traded. This eguals oil
demanded in the North, 85, which from Appendix eqn (A.3) 1s
—awM gro
Dpp D
Here B is large and @ is negative, by assumption. r rises, by (43) Hence
asf _ ax3
e
b 3Fr - aFr > ° (50)
This proves points (i) and (ii) of Theorem i
What remains is to study the beha\nor of the Southern economy We first
show that rS rises wmith FT. This is done by showing that 347/ 8r° < 0. As
BHI OM, o,.N
Ors ar¥ O‘rs
this will imply from (49) that ar¥/8rS > 0, which in conjunction with (42) and
(43) gives the desired result.
MP = 15-13
=rK +Sg5 + FT =18
v pra, ¢ aw
=ﬂrz— + B+ FT
D Dpg ®
oM} 8w/ a3 8 MP
é = B(2r —a,/ D) + (c,a/ D)( ( PB))+( S0l 2
ar or oM  OMpP " arS
OMP 89S _ aFT 8(w/ pg).
{3~ = =f(2r —a,/ D) + cya/ D ( ————
8-S ' aMf auf)ﬂ /Bl eab D (Eig oo
i Now

335 385 N

—= — =<0
oMP  or¥ amp
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by (49). (42). (43). and (8). Similarly, 8FT/8M < 0. By (44), 8w/ pg)/dr <0
in the South. As by assumption aS is large, this establishes that '

Bllf orS
F(O so that OFT>O (51)

It now follows from (44) and the fact that AS < 0 by assumption, that real wages
in the South fall with FT. It follows immediately from (3) and (5) that employ-
ment and the consumption of basics also fall.

This completes the proof of Theorem 1.

Theorem 2. Suppose M° >0, ie c;b,—b,cp > 0 in the South Let py be
small and p; > b3 at the initial equilibrium, with all other conditions as in
Theorem 1. Then an increase in the financial transfer to the South has the
opposite effects to those established in Theorem 1. u leads to a fall tn p;, the
price of the tndustrial good, and a relative increase in the price of ou, even
though oil supplies have increased. The oil exporter's terms of trade therefore
improve. In addition, oil exports and the rate of profit in the South decrease.
The North exports more indusirial goods. Real wages, employment, and con-
sumplion of basics increase in the South. In the North, the rate of profit and
the real wage decrease.

Proof. As in the proo!l of Theorem 1, the sign of dF7/ 3p; equals that of
dr / 8p;. This is given in eqn. (30), or approximately in (41). The latter may
also be written as

HON
(D¥)?

opf y_ w

aM
Bpl 2 1

D’pp

opp 1 ]
e Py e T
3p; Sk

Now note from (40) that for large gV,
%5 . it I
8p; a

Hence the second term above is zero and (41) can be expressed as

[ 85 1 _%p b, aM
I"-'[wz P1) %p: pPs : %21 Ps °| D%y ksY)

Under Lhe conditions of Theorem 2. this is negative, proving that the oil
exporter's terms of trade improve, i.e. p; falls with FT.

The rest of the theorem follows immediately. Inequality (43) implies that
the proflit rate in the North falls, and (44) implies thal real wages in the North
fall. Inequality (48) tells us that the North's exports (and the South's imports)
of industrial goods will increase, and from (50) we then know that oil exports of
the South fall (52) establishes that the rate of prolit in the South falls, and
using (44) again proves that real wages, employment, and consumption of basic
goods rise in the South This completes the prool.

2

The main difference in the conditions of Theorems : and 2, which reverse
the results, are first, the sign of 4> and second, the impact that the transfer
bas on the relative price of industrial goods. The sign of K° is positive in
Theorem 2, and negative in Theorem 1. It seems more plausible that &S
should be negative, since this happens when the basic goods sector in the
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South uses few capital inputs. Theorem 2 assumes, instead, that the basic
goods sector is more capital intensive. The impact of the transfer on prices
seems also more plausible in Theorem 1. There, the transfer increases oll sup-
plies, and this leads to lower oil prices. In Theorem 2, the transfer also
increases oil supplies, but this leads to higher oil prices. Clearly, an empirical
analysis of the actual conditions is needed to evaluate the results, but, a priori,
the conditions in Theorem 1 appear more intuitively natural than those in
Theorem 2.

A final point is the stability of the equilibria under the standard Walrasian
adjustment process in which prices increase with excess demand, and decrease
with excess supply. This is a rather specialized issue since the model has con-
stant returns to scale. The Walrasian stability of a closely related model (Chi-
chilnisky 19881b) has been studied in Heal and Mcleod (1983) and the
interested reader is relerred to that paper for a detailed analysis.

4. CONCLUSIONS

We have considered a situation where an inflow of capital investment into a
country's oil sector has allowed that country to run a deficit on its balance of
trade The capital inflow 1s, of course, matched by an accumulation of indebt-
edness to foreigners. An inflow of foreign capital, whether used for consump-
tion or for investment. inevitably affects the internal equilibrium of the receiv-
ing country Consumption patterns, production patterns, and prices all
change. The same is true of the lending country: it changes its consumption
pattern by making a loan, and for this reason, and because the equilibrium of
its trading partner changes, its own domestic equilibrium alters. A crucial fac-
tor 1n determining these macro effects of a loan is the change in relative prices
(oil prices, industrial prices, and prices of basic goods that are not traded). A
loan must be of a significant size before having a measurable impact on prices,
and the cases we discussed here, where the loan is of the order of 100 billion
US dollars, certainly fit this description.

It is clear, then, that it is a complex matter to trace the full impacts of a
loan {rom one trading country to another. Our model has enabled us to iden-
tify these impacts in a rather simple fashion, because of our somewhat stylized
assumptions, and to assess the gains and the losses arising from such a loan for
different groups within the lending and borrowing countries. One important
feature to emerge is that the loan may have a beneficial effect on the equili-
brium of the lending country. This happens when the borrowed funds are used
to increase oil supplies, leading to more abundant oil, increased oil exports,
and lower oil prices. The terms of trade of the lending country improve, and
this leads,to higher levels of consumption of both goods in the lending country.
Theorem 1 establishes the conditions under which the welfare level in the lend-
ing country will rise as a result. In making a social cost-benefit analysis of
such a loan, this is a point that should clearly be considered; there is a social
return to the loan over and above the rate of interest paid on it. It is possible
that even if a major rescheduling that delayed repayment were to happen, the
lending country as a whole could nevertheless benefit. Private financial institu-
tions making the loan might of course be strained in such a situation. There
could then be an argument in favor of the government compensating banks in
the case of temporary losses, in view of the positive externalities that their
actions have generated for the rest of the economy. Obviously, such a policy
would require very careful analysis of the macro effects and of the interna-
tional markets concerned.
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Similar issues apply to the receiving country. The borrowing sector may
benefit in cormmercial terms from the loan, but a social cost-benelit analysis of
the loan should also take into account its effects on the overall economic
equilibrium. As Theorem 1 shows, these could be substantially negative, if
there has been overspecialization in one sector thus leading to lower terms of
trade for the country, with correspondingly negative welfare effects. In sum-
mary, the fact that a loan, if large, may affect the equilibrium pattern of prices
and quantities in both countries means that It will have macroeconomic conse-
quences going far beyond its impacts on the prolits of the borrowing and lend-
ing institutions.

Theorems 1 and 2 have indicated two very dillerent possible outcomes. In
one case, the effects are beneficial to the lending and harmful to the borrowing
country, while in the other case the opposite is true. The distinguishing
feature is the effect of the loan on the oil exporter's terms of trade. In the
first case, they worsen, and in the second, they improve. Which of these two
outcomes occurs depends on the patterns of factor intensities in the receiving
country and the initial price levels. Once these are known, thus establishing
whether the loan improves or worsens the receiver's terms of trade, everything
else can be traced. Experience indicates that over the last three years, the
terms of trade of oil exporters have worsened. While many factors have contri-
buted to this price movement, this suggests that a policy of borrowing to invest
in the oil sector might not have been the most favorable to the oil exporter.
However, such a policy could be favorable to the lender; it y1elds more oil at
lower prices. Such macro outcomes should be computed when discussing the
present situation. The calculus of the debt must go beyond the financial
aspects, and must include the macroeconomic effects on prices, imports, and
exports of both countries.

It is important to emphasize that we have studied the consequences of
granting a loan before thus was repaid The repayments will not have effects
that are simply equal and opposite to those of the granting of the loan The
asymmetry arises because, when the loan is made, it is invested or consumed
in sectors different than those that will pay the debt. For instance, in this
paper the debt was used to build up the production capacity of the oil sector
However, when the loan is repaid, this will not of course coincide with running
down this capacity. Investment is irreversible, and capital stock and machines
depreciate. The loan will be repaid by running a balance-of-trade surplus. The
effects of running a trade surplus at a constant capacity level in the oil sector
are nol Lhe opposite of those running a trade deficit and using the capital
inflow Lo expand oil-producing capacity. As a matter of fact, both could affect
the major macro variables in the same direction. This distinction between
receiving and repaying a loan will be developed further in a subsequent paper.

Finally. we point out a connection between the problem that we have stu-
died here and the extensive literature on the transfer problem in international
economics. This literature is concerned with the possibility that a transfer of
resources [rom one agent or country to another may beneflit the donor and
harm the recipient. This issue has so far been studied only in the context of a
barter economy without production in the case of perfectly competitive gen-
eral equilibrium models For surveys of these results, see Chichilnisky (1980),
Jones (1983), and Geanakoplos and Heal (1983). Our present Theorem 1 pro-
vides an example of the transfer paradox in a production economy resources
are transferred from lender to borrower, and the lender gains as a result
(Theorem 1). even though the receiver expands its production capacity.
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APPENDIX 1 : Analytic Solutions

This appendix gives an explicit analytic solution to the model, and
presents the results of numerical simulations on the effects of rescheduling
the debt reported in the paper.

In order to solve the model we consider first the equation equating oil
exported with oll imported:

x5 = u¥ ' (A.1)

In view of (6), (9). and (6)°, this equals
O5(FT)-vp = v} (A.2)

where the left-hand-side variables are from the South From (14). (12). and (13)

b b
dp =-D—'(ch-n2K)+ Fz(a,x-c,x,) (A.3)

*]

e w o fr
h ngu DQ

where
M =C]b2—bli‘:z Q=Ezb|-ﬂ.lbz
Therefore, we may rewrite (A.2) as

N_NAaN
155(FT)—%-%M P—Q- ———-( B)”M” &—;HL (A4)

(A.4) is therefore an implicit equation in five variables, which we denote

P(FT. v, 2= r .(H")‘ (A.5)
Pg

Our next step is to write the rate of profit  and the wage w/pg in the two
regions as functions of the prices of basic and industrial goods. pg and p;
Recall tha! oil is the numeraire {(py = 1). From the production functions (1)
and (2) we obtain the associated competitive price equations
Pp=a,w +bpy +yr
v

(A.6)

Pr = azw + bapg +cor

e

since pg = 1. We therefore obtain the factor-commodity price relations:

j.@

Ps —b, =
pr—b;
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copp —Cipr+ M
w =

D
w _(Pg-bj)cz + (by—p))c, =
P5 Dpg | (A7)
P (by-pplaz + a,(p; -b3) =1 81P — B3PP +Q

D D

Substituting w/pg and r from (A.7) into (A.5), we obtain a new implicit funec-
tion, in four rather than five variables:

V(FT.pr. p§. p5) = © (A-B)

Recall that pg may be different from p‘g because B is not traded internation-
ally. The last step is to substitute p} and pj as functions of p; into (A.B). This
will lead to an implicit function in two variables

X{FT.p;) =0 (A.8)

Since FT is an exogenously given parameter, (A.9) 1s an analytic solution to the
model: from (A.9) we may compute the equilibrium level of industrial prices
p/(FT). 1t s easy to check that once p; is known., we may solve for the equili-
brium values of all other endogenous variables. This will be explained below

Now, in order to obtain pg = pg(p;). we use another market-clearing con-
dition, this time in the B-market.

Bs=Bp (A.10)
Fro'm'(lz) and (13) this can be written as

col —aK o

D PE

L (A.11)

or

€2 w PBazr W \2
a— a =0
Dpg D (Pa'

from which we obtain
1

z —
w _ €2 €z Paor |2
fs D [wz Da ] e

a two-branched function relating w/pg and r The different parameter values
will determine which is the appropriate branch in (A.12).

Usmg again the factor-commodity price relations, (A.12) yields an implicit
relation between pg and p;. as desired: :

a —_—
.k 1 | €2 Baz 2 M Cc2  cyp;
+ g-a +a ) e — e =0
aDpp = pg \4D® D% @ ZEBT TP Dpg D = Dpg

(A.13)
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Substituting (A.13) into (A.8). we obtain the desired relation (A.9) between FT
and P;

x(FT.p;) =0

From (A.9) we may then compute p; = p,/(FT). From (A.13) we obtain pg(N)
and pg(S). and from these three equilibrium prices we obtain the equilibrium
rates of prolit r*(N) and r*(S)., and of real wages, (w/pp)*(N) and
(w/pg)*(S). From these we obtain supply of labor and capital in the North
and the South. and using the inversion of (12) and (13) we obtain the output of
B and / in both regions. From the national income identity we may compute
demand for / in the South, which determines imports from the North, and from
(40). exports of oil from the South. From (14) we obtain oil demanded in the
South, thus completing the computation of the equilibrium.
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APPENDIX 2:
A Simulation for Mexico and the U.S.A.

Listing of Equations of the Model:System of simultaneous

equations solved by TK-solver software package

Listing of Exogenous parameters and of endogenous solutions
Numerical values of both

. Background Data for the Model

Results of Simulations
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2a - Listing of Equations of the Model: System of simultaneous

equations solved by

TK-solver software package

. U.S5.-Mexico Maodel with Finanicial Transfers

D=al=c2-cl=*a2
De=als¥cZs—clz®als
M=cl=bz2-c2*bl
Me=clsxbZs-cZs=bls
D=az*bl -al *b2
Ge=aZs*bles—al sxbZs
w=(M+cZ2#FPB-cl1*PI)>/D

we={Mes+c2es*PBes-cis*PI1)/Ds

r=(al*PI-a2xPB+0>/D

re=({alex¥Pl-a2=%FB=s+0Qs)/Ds

K=b#*r+5K
Ke=bs#rs+5Ks
L=a%{(w/PB)+SL
Ls=as*#(ws PBs)>+5SLs
BS={c2Z*L-azZ=K) D
BSs=(cZs*¥Ls—aZs*¥Ks)-Ds
I1S=Cal*K-c1*L)/D
ISs=(als*¥Ks—cls*Ls) - Ds
NT=Fn-Fs
0Ss=(NT#*sh)*Kk+505
0S+0x=bl=B5+b2=15
Bd={w*L)/PB
Bds=(wes%Ls)/PBs
BS=Bd

BSs=Bds

Ide=1Ss+X1
Id=15-XI

L=LD

K=KD

Ke=KD=

Ls=LDs

Pl #XI=P0O*0X
TOS=0S+0Ss

"Misc. Determinants

"Capital Supply

"Labor Supply Equations

"Net Financial Transfer

"0il supply depends on NT and K (capital
"oil supply = demand -

" Basic Good, S=D

" Basic Good, §=D

" Industrial Good, S=D

"Equilibrium Conditions

"Balance of Trade

TOD=bl *BS+b2Z*1S+bl s*BSs+b2s*]15s

TOS=TOD
TIS=1S+15=
Ild=Id+Ids
wexp=PO*0X-PI *X1I

FBs*BSs+PI1#(1S5s+X] )=we*Ls+rexKe+POUx0Ss
PE*BS+PI#(I5-XI )=w*L+r*K+P0O*0S

Sdual=cZs/Des-Z2%ws/FBs
Ndual=cZ2/D=-2%w/PB
NGNP=FPB*BS+PI*1S
SGHNP=FPBs*BS5s+PI*15<
PP=1/PI

"Walras® Law

"Duality Indicies

output
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2b . Exogenous Parameters and Endogenous solutions




S5t Input
&, 05

L B3 vEEn
0
1.86
i
7.042454%
1142.446249
10&.32042
85.052052
3783.02%8
13.38807%
2595.48147%
11.54
2445 .7 6281
.08172253
04475242
06472331
02782428
73513511
) U s Vs p B
320172112
A S T Y
. 12899686
08447843
1.2%204133
3.59384&4

L

E

L

i
32

L

fi

L

L

L

L

=

=

|=

I

L

i

k.

1

0

L

MName

S05
Fn
Fs

sh
os
SK
=1

as
be
Sls
SK=
al
az
bl
bz

(=

als
a2s
bls
bzs
cls
cZs
Id

FB

PBs

05s

BSs
15
I5s
L=
Ks
Bd
Bds
Ids
LD
LDs

KD=s
NT

Ms
Ds

Qs

Output

&626.23747
1.17304&8
2.08846154
1.1261535

28.415310
2.7457175
2.0213063
20.264186
5.9885036
03275202
2181 .9551
182,11085
27477811
11.041374
1714.1293
143.14976
647 .,20183
25.973489
49 ,926463
278.08781
1714.1293
143.14%97¢s
46.937855
182.11085
4% .728483
2181 .95351
278.08781
43.03

~=0&678211
- .3803453
. 045803281
74724745
00122812
-3.177E-4

Unit

$&0

MBD

$380
$80
MBD
MBD

$80
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Comment

U.5. Mexico Test Data {(4-84)
Mex oil suppliy intercept
Financial flows fraom the U.S.
Financial flows from Mexico
Petroleum capital cutput ratio
Share of capital inflow invested
U.s. oil supply

J.S. Capital Intercept

U.S. Labor Intercept °

U.S5. Alpha

U.S5. Beta

Mex Alpha

Mex Beta

Mex Labor Intercept

Mex Capital Intercept

U.S. labor input

U.S. labor input

.5 Dil input

W.8.. Bil input

U.S. Capital Input

U.5. Capital Input

Mex Labor input

Mex labor input

Mex OIL input

Mex OIL input

Mex Capital input

Mex Capital Input

Capital Goods Demand in the U.S.
Price of basice in the U.S5.
Price of basics in Mexico
World Price of Capital Goods
Price of petroleum

Terms of trade

Mexico‘s 0il Production

0il Exports

Capital Goods Exports

Mex wage rate

Mex Profit Rate

U.5. Capital Goods Supply
U.S. labor supply

U.5. Profit Rate

U.S, wage rate

U.5. supply of Basics

Mex Basic Good Supply
U.S. Capital Goods Supply
Mex Capital Goods Supply
Mex Labor Supply

Mex capital stock

U.5. Basic Goods Demand
Mex Basic Goods Demand
Mex Capital Goods Demand
U.8. Labor Demand

Mex Labor demand

U.s5. Capital Demand

Mex Capital demand

Net financial transfers

in pe
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NET CAPITAL INFLOW AND PEMEX INVESTME

BILLICNS OF #$1970

MILLION BARRELS /DAY

SOURCE: WHARTON ECONOMETRICS
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32.272D
33 .34825
34.424
332.47%975
3%.5785
B7.65125
38.727
37 . BOZ27S
40.8785
41 . 95425
43.03
44.10575
45.1815
46 .25725
47 .333
48.,40875
4%.4845
S0 .536025
51 .4836
22.71175
33.7875

rs

LiF0i7110
. 178028599
177688548
1748801179
. 1925428357%
193054222
AB8¥2581139
. 183008845
LA 71275421
.133288736
LOFSI02363
080307203
070548220
063124004
057018852
031800404
047214108
.043109525
L03PI74555
035744168
LO3Z275%017

MNSHOS? (bi 2

PP

34.,0888178
33.7374070
33.4331172
33. 1186351
32.8178878
32.53700s2
32.2865524

32.0878%52

31 .7772827
3Z2.3708%7%8
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1.00000077
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1.10008544
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NEMOSi O
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8.85074075
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. 83553301 1
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0Ss

Z. 15325244
2.23287571
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3.50684774
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Id

B2&.5664608
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F&2.778014
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732.771003
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078243282
822493933
. 728873305
525051538
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—. 26604032
~. 892284816
-i.3497185
-1.3032%351
~1.99%1627
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—1.728663%6
~1.7740%25
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—-1.8312801
-1.8837682
-1.2133046
-1,%404351

e

1.03146732
1,082&67238%
1.15575%74
1.22185307
1 .321124351
1.4284&6204
1.36334870
1.74503187
2.02734347
Z.82335258
3.56430443
4,05407772
4.34302423
4,588813%0
4.811013%%
S.0i211250
9:21832057
S.41201048
S.460470413
D.7PE20847
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SGMP

i30.70z2287
133.358107
136.158653
139 .268552
142.636193
146.416814
150.8280249
155.351078
164,.57&3201
188.373744
21%.241 237
235.303761
248,31 809
23%7.4604303
270.0&4280%
280.044441
289 IO EFT




Capital Transfers and Mexican GNP

U.S. =Mexico Test Doto

500.0
450.0 4
400.0
350.0 +
300.0

250.0

Billions of #1980

200.0

180.0 -

100.0 -

Net Capitol Tronsfers $1980 Billions

Capital Transfers and Oil Prices

U.S.=Maxice Test Doto

$40.00

$39.00 =«

$38.00
$37.00 -
$38.00 4
$35.00
_$34.00 S
P $33.00
$32.00 5
L $31.00 4
& $30.00 -
8$29.00 -
£ $28.00
. =$27.00
O $28.00 -
$25.00
$24.00 -
$23.00
$22.00 Tl
$21.00 -

$20.00

a2k




Millicna of Jobs
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Basic Prices and Duality
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