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An earlier paper in this Journal [Chichilnisky (1981)] formulated a model of North—South trade
where the South exports a labor-intensive commadity in eachange for industrial goods. The
paper studied moves to new equilibria with higher levels of exports of the Scuth and of
industrial demand in the MNorth, Tt was established that with abundant labor and technological
dualism, such moves lead to more exports, bul to lower terms of trade, consumption, and real
wages in the South. This occurs within Walrasian stable and perfectly competitive markets.
Sufficient conditions were also given for the South (o improve its terms of trade, real wapes, and
consumption through an export expansion. This paper commenis on several other papers
written on these resulls, generalizes the earher propositions, and eatends them to a larger class
of economies which export labor-intensive products, but need not have abundant labor. Tt gives
a generalization of the earlier results on uniqueness and stahility of the equilibria, and reports
alsn on tecenl econometric tests for Sr-Lanka and the UK., and numerical simulations of the
maodel.

1. Introduction

In an earlier paper in this Journal [Chichilnisky (1981)]. T formulated a
model of North South trade in order to evaluate the gains and losses from
export-led policies. The aim was to explain why the international market
works at limes to concentrate rather than to diffuse the gains from trade. 1
followed the time-honored tradition of using a two region, two factor, and
two commodity competitive equilibrium framework, with a unigue and stable
equilibrium. The results became the subject of several other papers in this
issue of the Journal [Heal and Mcleod (1984). Gunning (1984). Ranncy
{1984), Saavedra-Rivano (1984), Srinivasan-Bhagwati (1984)] and of articles
elsewhere [Arrow (1981). Findlay (1983), Lim (1983), Mahran (1982),
Motamen (1943), Podivinsky (1982), Sen (1981), Uriarte (1981}].

I welcome these authors interest in an area that is growing in lerms of
theory and policy implications. This paper comments on their contributions,
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simulations reported here were produced by Eduardo-Jose Chichilnisky, Princeton University.
An expanded version of this paper was presented a1 the TMSSS workshop, Stanford University,
Tuly 1984, and will appear in a volume of essavs in honor of Kenneth Arrow, W, Heller, I
Starert and K. Starr, eds., Cambridge University Press.
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and extends the 1981 results to economies which export labor-intensive
products, but may not have abundant labor. These include economies with
fixed endowments of labor and capital. 1 give necessary and sufficient
conditions for positive outcomes from an increasce in exports: these conditions
depend on the initial data, ie., on technologies and factor endowments. A
positive outcome means better terms of trade, and higher real wages and
consumption in the South, Outside these conditions, the results from
increased exports turn negative for the South: due to income effects the terms
of trade and export revenues worsen, real wapes and domestic consumption
decrease. These results extend Propositions 1 and 2 in Chichilnisky (1981).
Furthermore, 1 exhibit cases where exogenous increases in the North's
industrial demand or the North's demand for basics, lead it to import more
basics, and to consume simultancously more of both goods. The South
exports more but consumes less. An expansion of demand for either good in
the North leads here to more trade and to gains for the North, but leads
also to losses for the South. These results sharpen Proposition 3 of
Chichilnisky (1981).

The propositions involve comparisons of nearby trade equilibria, rather
than between autarchy and trade. The conditions are such that for the same
economy different policies may be indicated at different levels of trade. In some
cases, an optimum trade level can be reached. This depends upon domestic
characteristics of the economy, such as technologies and factor markets,
which may be influenced by policy. Finally, I extend the earlier results on
uniqueness and stability of the solutions, and discuss also other adjustment
processes suggested by some of the comments,

2. The North—South model

Each region is described by behavioral assumptions and by equilibrium
conditions, making a total of 26 equations for the whole North-South model.
However, in order to compute an equilibrium explicitly, it suffices to solve a
single equation from which the solutions and all the comparative statics
propertics can be easily derived.'

Consider first the economy of the South. It supplies basic goods (B) and
industrial goods (1) using labor (L) and capital (K): B*=min(L%a,, K¥c,),
I¥=min(L'/a,, K'/c;). The corresponding price equations, under the
assumption of competitive behavior on the part of the producers, are in
equilibrium,

pr=a;w+c,r, Pr=a;w+c,r’ {1}, 12)

1Stiglitz pointed out that the existence of a single resolving equation does nol depend on the
particular production functions used, bul would be truc for any constant returns technology
with or withowt intermediate poods.

In Chichilnisky (1981) the cost of capital is rp,, but since p; is the numeraire, we obiain the
SAME &y ualion.
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Labor and capital supplies in equilibrium depend on their rewards,
Li=alw/pgl+L, a>0, Ki=fr+K, =07 (3), (4)

where w denotes wages, py the price of basics, and r the rate of return to
capital, To these four behavioral equations we add equilibrium or market
clearing conditions for factor and commodity markets,

LS=LD1: K5= KD:I LD:BS‘]] + Ksaz!' {5}! {ﬁ}! {?}
K?=PB%, + K%, B*=B"+X}i. (&), (9)
where X} denotes exports of B,
P=XT+F, {10)
where X§ denotes imports of I, and the balance of payments condition,
PeX5=pi X7 (11)
In an equilibriom, the Walras law or national income identity is always
satisfied in each region (NI): pyB” + p,I"=wL+rK*
The Morth is specified by the same egs. (1) to (11), except for possibly
different parameters in the technology and in the supply of factors. In a

world equilibrium the prices of traded goods arc equal, and exports match
imports. This yields four more equilibrium conditions,

pdS)=piAN), PelS)=pgN), (12), (13)
XHUS)=XRN),  X7(S)=Xi(N), (14), (15)

where the letters S and N in brackets denote South and North, respectively.
We add the normalization condition,

p=1 (16)

{I is the numeraire).

}In Chichilnisky {1981), K*=r/p,+ K, bul since [ is the numeraire (ie. p=1) the two
equations are identical.
*This can be seen as follows:
peBt+ p " = pl B — X514+ ol IS+ XD =pp B+ g = (g w7 ) B Hagw 4 oy ¥ = wl 4 7K.
In view of this, and of its homogeneity properties, an eguilibrium of this model is consistent with

a standard Arrow-Tlehrew competilive general equilibrium for some set of underlying imdividual
preferences.
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In each region there are therefore cighl ¢xogenous parameters: ay, ¢y, dj,
c;, a, L, fi, K, and 14 endogenous variables: pg, py. r, w, B5, B, X§, I°, I,
XP LS LP K% KY Therefore for the two region model there are a total of 16
exogenous parameter and 28 endogenous variables.

In the two regions there are so far 26 independent equations: 11 equations
in each region [(1) to (11)], plus three international market clearing
conditions [(12) o (14), since (15) is automatically satisfied when all others
are], plus the normalization condition (16). To close the system, in
Chichilnisky (1981) the level of industrial demand in an equilibrium of the
South was exogenously given,

12(8) =T2(S). (17)

Here we shall also substitute (17) by an equation which gives a price-
dependent demand for industrial goods across equilibria of the South,

IS =ir K + uwl/pg. 0=, p=l, (17"}

and either 4 or p different from zero. When p=(, industrial demand equals
capital income. This is equivalent by Walras law to wlL=pgB", ie., equilib-
rium wage income is spent in basics. Where (17°) substitutes (17) we call this
the North-South model I1. Adding (17) [or (17°)] we have 27 equations in 28
variables, a system determined up to one variable. We parameterize the
solutions by the eguilibrium level of demand for hasics, BP(N). or for industrial
goods in the North, I°(N): as one of the real numbers I"(N) or BY{N) varies,
we obtain a one-parameter family of equilibria m the space of all
endogenous parameters, which is R*®, Comparaltive static exercises consist of
exploring the relationships between the endogenous variables across this path
of equilibria. This parameterization by ["(N) was used in Proposition 3 of
Chichilnisky (1981). Alternatively, we may parameterize the equilibria by a
real number indicating the equilibrium level of exports of the South X3(S)=
XO(WN).® This latter parameterization was used in Propositions 1 and 2 in
Chichilnisky (1981); competitive equilibria with different levels of Southern
exports will oceur, for instance, with changes in Northern performances.

Proposition 1. The North-South model has at most one equilibrium for each
level of industrial demand 1™(N) of the Narth. The model has alse at most one
equilibrium for each level of demand for basics BYN) in the North.*

*When XH(MN} is exogenously set, 1(N) and B*N) are endogenously determined. Similarly,
when BYIN is exopenously set, Xg(N) and (N} are endogenously determined.

“fxistence requites standard restrictions on the exopsnous parameters to ensure that the
cquilibrium prices arc all positive. Appendix 2, page 188 of Chichilmisky (1981 states: "We
therefore obtain at most two solutions in the relative price of 8, p,." Since one solution could be
negative or zero, this can be refined from "at most two™ 1o "one”, as in Proposition 1. Saavedra-
Rivano (1984, seet. 11 also states that the model has one solution, but he reports, incorrectly the
stalement “al most twa’ in Chichilnisky (1981) 10 be at least two', implying an error in the
numher of solutions which does notl exist
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The set of equilibria described as the exports X§ vary, is identical to that
ohtained by parameterizing the solutions by the equilibrium level of industrial
demand in the North. The comparative statics properties of the North-South
model are the same when this is parameterized by the level of exports X3, or by
the industrial demand of the North, I™(N), or by the demand for basics of the
North, BP(N).

Proof. Consider the international market clearing condition for industrial
goods XT(S)=X7(N), ie.,

1%(8)— F¥(S)=I5(N) - I"(N), (18)

where by (17) I™(S) is a given constant, I™(S). Inverting egs. (7) and (8), we
obtain

B =(c,L—a,K)/D, FF={a,K—c,L)/D, D=ga,c;—a,¢,. (19), (20)
Substituting (20) into (18), we obtam

T2(S)—(a,K — ¢, L)/D =(a,(N)K(N) —c (N)LIN))/D(N) - I"(N).” (21)
Inverting the price equations (1) and (2), one obtains

w=(pgra—c /D, r=(a,—pyas)/D. (22}, (23)

Substituting (3) and (4) and then (22) and (23) into (21), we obtain a
quadratic in pg.

P A+ AN+ pal C+ CN)+TP(S) + TP(N)) —(V + F(N)) =0, (24)
where A =pfa,a,/D?, V=uc}/D? and C=(1/D){c,L—a,K +(xc,c,— faj)/D).

Solving (24) gives an analytic expression for the equilibrium price pg of the
MNorth-South model as a function of all the exogenous data and of the
industrial demand of the North: (24) is thus a resolving eguation. Since the
constant and second order terms of (24) are positive and negative,
respectively, therc is at most one (strictly) positive root p§, ic., at most one
equilibrium price, which is denoted p#(/®(N)) to indicate its dependence on
the parameter I°(N). A similar resolving equation is obtained when BN is
EXOZEIOUS,

Each p* defines unique equilibrium values of all the other 27 endogenous
variables: From (22) and (23) we obtain w and r, from (3) and (4) K and L.

"All parameters and variahles are lor the South unless indicated, e, K is K(3).
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from (19) and (20) B® and I5; I™(8)=T%S) in the South, and I[N} is given
by our exogenous choice al the equilibrium. From the national income
identity (NI), we may now compute B”. The difference between supply and
demand for each good at an equilibrium yields the volumes of exports and
imports of each good in both regions. This completes the computation of the
unique world equilibrium for each °(N).

Consider now the second parameterization of the North-South model, by
the equilibrium level of exports of the South X§(S). From (11),

X PN} =(T2(S)— I5(S))/ps=T(S)/ps—(a, K —c,L)/psD (25)

[by (20)]. where XE(N) is now exogenously given. Substituting (3), (4), (22),
and (23} into (25) we obtain a guadratic in pg,

PHA— X2(N)) + py(C+TP(S)) — V=0, (26)

where A, ¥, and € are defined as in (24). This resolving equation (26) appears
to be different from the first resolving equation (24) but it is in fact identical:
From (20}, (3), (4). (22), and {23) we obtain

PulS(N) = — pyC(N) — p3A(N) + V(N), @7

Therefore from (11} and (27), pAHXESN)I= —patP(N)— p2AIN)— p,C(N) +
F{N), from which it 15 immediate that (24)=(26). This shows that the
MNorth-5outh model has the same equilibria or solutions when it is
parameterized by industrial demand in the North I®(N), or by exports of the
South X3(S). The comparative statics properties of the North-South model
are also the same with both parameterizations. For instance, the change in pg
{an endopenous vanable) as exports X§ vary is obtained by the implicit
function theorem applied to an equilibrium expression yp, X3 =0:dpg/dX3 =
(/8 X3)/ (2 /ép). The equilibrium expression =0 used when the leading
parameter is I(N), is (24)=0; when the parameter is X§, the expression is,
instead, (26)=0. Since {24) and (26) are identical, it is equivalent to use either
expression. A similar proof applies to the parameterization by BP{N)L

Q.ED.

Comparative statics. The following extends and generalizes the resuolts of
Chichilnisky (1981) and comments on other papers written on the 1981
results, In view of the interest expressed in the comments on Propositions 1
to 3 of Chichilnisky (1981), it seems useful to state them and to provide
alternative and straightforward proofs, based on the two resolving equations
(24) and (26) for the North-South model. The appendix provides numerical
simulations which reproduce several of the propositions below.
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Proposition 2. Consider the North-South economy, where the South exports
basic goods, has abundant labor (o large) and dual technologies (so that
e3/D < 2w/pg). Then a move to an equilibrium with a higher level of exports of
basics leads to lower terms of trade, lower real wages, and decreased
consumption in the South. [Proposition 1 in Chichilnisky (1981).] When labor
is abundant, and real wages are sufficiently low, or else technologies are
sufficiently homogenous that ¢,/D > 2w/pg, then a move to an eguilibrium with a
higher level of exports X3 leads to better terms of trade, and higher real wages
and consumption in the South. [Proposition 2 in Chichilnisky (1981).]

Remark. This comparative statics exercise consists of examining the sign of
dX3/dpy as the exogenous parameter =(S) becomes very large, and when
cy/D<2w/py is satisfied in the South. Note that all other exogenous
parameters of the model (of which there are 15, see above) remain constant,
including of course L(S). This comparative statics experiment thus ranges
across different economies with different «S)'s, and thus different labor
supply functions (3). All other exogenous parameters are fixed. The equilib-
ria, of course, will vary with changes in the exogenous parameter «. The
condition c;/D<2w/p, can be expressed as a function of exogenous para-
meters only.®

Progf.  Since (26) is identically satisfied across the equilibria, we have
dpy/dX5=pa/(2pa(A— X5+ C+I(S)). (28)

With = large, the sign of (28) is determined by those terms containing z, so
that (28) is negative whenever

2pp X = ac,o,/DY (29)
Now,
Xg=(c,L—a;K)/D—(wL+rK —IP(8))/pp=(2c,/D*pylc; —€,/py)
+(fa,/D*Na; —a,/ps)+(c,L—a,K)/Dpg+T(S)/ps (30)

[see Chichilnisky (1981, pp. 175-176)]. When = is large, the term that
dominates X§ is ac,(c;—c,/pg)/D?pg. Therefore, from (29) dpg/dX3 is
negative when 2ac,(c, —e,/pg)lD?pgac, c,/D?, ie., when ¢,=2¢,/pg. which is
by (22) equivalent to ¢5/D < 2w/py [Chichilmisky (1981, p. 177)]. A different

From (22) cy/D = 2wipg is equivalent 1o pg=> 2, /c,). Substituting pg from (24), this yields an
expression depending only on exogenous parameters. When ¢ and £ are large in the South, pg is
approximated by ciAD/mc, L—a,K)+c,cy), which exceeds 2c /o) within an interval for the
eXOEEnous parameter 0.
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proof was given in Chichilnisky (1981); from (30) we have
dX3/dpy=(2c,/D*pg)2c,pp — )+ fai/D’pg
+(a, K —¢,L)/pzD —I"(S)/pj3. (31)

When o 15 large, (31) implies that dX§/dpg is negative when 2¢,/pg<eq, ie,
when ¢/ <2w/pg. The stated changes in real wapes and domestic
consumption are proved in Proposition 3 below. Finally, as the sign of
dpp/d X3 is that of 2¢,/pg—c,, and 2e,/pg=c, is equivalent to c,/D = 2w/pp,
Proposition 2 of Chichilnisky (1981) is also proved. Q.E.D.

Proposition 3. Assume the South has abundant labor and dual technologies: o
large and ¢,/0 < 2w/ipg. Then a move to a new equilibrium with a higher level
of industrial demand in the North I"(N), leads to a higher level of exports of
basics from the South, but to lower terms of trade, real wages and domestic
consumption in  the South. This occurs in Walrasian srable markets
[Eroposition 3 in Chichilnisky (1981)).° and even if the expansion in exports
Jfollows from an expansion of the North's demand for basics.

Proof  From (24),
dpg/dI®(N) = — pg/(2pgl A + AINN+(C + CINY) +19(S)+ THN)).

The term in o within C+C(N) 15 2c,0,/D* =0, and 4 and A(N) are always
positive; it follows that

dpg/dI"(N) <0 (32)

when z in the South is large. Now, as seen in Proposition 2, dX}/dpy <0
when /D <2w/ps. Together with (32) and Proposition 1, this implics
dX3/dI®N)=>0 across equlibria. By (22) across equilibria diw/pg)/dpy =0
Also dB"/dpy=0 across equilibrium because B ={wL+rK —TI?"S))/pg. and
when =z is larpge this expression is dominated by the term in o [ie, by
a(w/pg)], which is an increasing function of py. Therefore, as py decreases,
domestic consumplion of basics drops in the South, while industrial demand
remains at TS}, Stability was established in the appendix of Chichilnisky
(1981) and this and the expansion of the MNorth's demand are discussed
further in the following section. Q.ED.

“Proposition 3 in Chichilnisky (1981) required in addition that labor supply in the Morth is
relatwvely price inclastic, w{M) small, This condmion 15 not reguired in the prool offered heree;
however, a small 5N} reappears in Proposition 5, when the wellare of the North s taken into
consideration.
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As pointed out in Chichilnisky (1981) and in Heal-McLeod (1984), the
comparative statics results above are completely independent of any stability
propertics. They consist of altering exogenously onc real number, eg., the
equilibrium volume of exports X§ or the number representing the
equilibrium level of industrial demand I®(N). This alters all the endogenous
variables, as it leads to a new equilibrium of the model, and we have traced
the chanpes in the endogenous variables as we move from one equilibrium to
the next. This point seems worth emphasizing because other comments [e.g.,
Findlay (1983), Srinivasan-Bhagwati (1983) and Saavedra-Rivano (1983)]
interpreted Proposition 3 in Chichilmsky (1981) as refernmg to a shift in a
disequilibrium demand curve with everything else remaining constant, ie,
ceteris paribus, This is incorrect. Firstly, the industrial demand parameter
I%(N} is a number, the level of demand at the equilibrium, and not a curve
relating prices and demand outside of an equilibrium as illustrated in figs. 2
and 3 of Srinivasan—Bhagwati (1983). Secondly, as 1%(N) varies, everything
else does too, and therefore the ceteris paribus assumption is wrong here: eg.,
the next scetion shows that as T%(N) varies, the excess supply curve of the
South shifts too. This error leads Findlay, Saavedra-Rivano and Srinivasan—
Bhapwati to stale that the drop in the price of basics following the increasc
in industrial demand IP(N) *can only be due to a decrease in the demand for
basics, because the model is Walrasian stable™.'® This is again erroncous, since
Walrasian stabiliry does not predict any particular association beiween prices
and demand increases, when both the supply and the demand curves are shifting
simultaneously as they do here with I"{N). This point is also clearly explained
in Arrow (1981} and in:ﬂﬁ_anl;lé_{cl_tad (1984).

The nexi propositien obtains results on total export revenues following an
export cxpansion, without any assumptions on the international elasticities of
demand.

Proposition 4. Asswme that the South has abundant labor, 2 large, and dual
technologies, c3/D < 2w/py. Then a move to a new equilibrium with a higher

19Findlay (1983) states: ‘Chichilnisky (1981} presents a North South model that apparently
obtains some startling results, In particular, i 1% clasmed that a shift in the composition of the
Morth's demand in favor of the Souths exports can worsen the terms of trade of the latter. This
result 15 stated m Proposition 1 (p. 178 and footnote 11) which is actually sclf contradictory
sinee it implies that @ positive excess demand for a commodity can reduce s price even though
the market is said (o be stable in the Walrasian sensc” Saavedra-Rivano (1984) repeats this:
Statement (*] Chichilmisky (1981) can be dismissed at once on the grounds of logical
inconsisiéncy, because two parts of it are mutually inconsistent. Mamely, if the equilibrium s
indeed Walras stable as the statement recognizes, then an upward shift in demand for the basic
eood must necessarily result in a higher relative price pg” Finally, Snnivasan-Bhagwati ( 1984) stare
the same point, ‘one could not therefore pet a stronger result: the equilibrom s unigque and
evidently Walras-stable. .. We pet the orthodox conclusion that py/py must decrease with
increased demand for the B good’. All these statements are incorrect since Walrasian stability
does mor predict that prices increase with demand when supply 15 also changing, as mn our
miwlel. See Proposition 5, section 3 on stability, and the discussions in Arcow (1981) and Heal
McLeod (1984).
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velume of exports leads not only to lower terms of trade but also to lower
export revenues in the South, When cy/D = 2w/pg, prices and exports revenues
increase.

Proof. Let cy/D <2w/py. By Proposition 2, the new equilibriam level of pg
drops as X3 expands, by (22) and (23) w/py decreases and r increases. Thus,
from (3) and (4) K increases and L decreases. In the new equilibrium, by (20),
industrial supply I% increases. Since industnial demand is constant by (17),
imports XP=I"—I* must decrease. Therefore, by (11), export revenues
pX 5 decrease. When c,/D = 2w/py, the tesults are reversed. Q.ED.

The next proposition studies macro changes in both regions.

Proposition 5. Assume that o is large and ¢,/D<2w/pg in the South; labor
supply in the North is unresponsive to the real wage [afN) small; and industrial
goads in the North use little labor (ay small). Then a move to a new equilibrium
with a higher level of industrial demand in the North leads to higher
consumption of basic goods in the Narth, The North consumes simultaneously
more of both goods, and is therefore strictly berter off.!!

In the South, real wages and consumption decrease. The South exports
more basics, at lower prices, and receives lower export revenues: it is siricily
worse off at the new eguilibrivm. Identical results obtain when the move to a
new equilibrium is due to an exogenous increase in the level of exports of the
South X3S). or to an exogenous increase in the level of demand for basics
BY(N) in the North.

Proof. Consider first the case «(N)=0 and a;(N)=0 Then by (19)
B%(N)=¢,L/D, which is a constant, Therefore, since B?(N)=B*(N)+ X5(N),
B"(N) must increase when XE(N) increases. Proposition 3 shows that
a higher I°(N) leads to more imports X5{N). It follows that I*{N) and BY(N)
increase  simultaneously in the North, and thus the North is strictly
better off. By continuity, the same obtains when «(N) and a.{N) are close
to zero. The second paragraph is Propositions 3 and 4. The last senlence
follows directly from Proposition 1 because dIP(N)/dB"N)=0 and
dI*(N)/dXEN)=0. QED.

The North—-South model 11: Price dependent industrial demand. The following
extension of the model was presented in Chichilnisky and Cole (1978), and
discussed on page 179 of Chichilnisky (1981). The North-South medel 11
consists of the same equations as the North-South model, but eq. (17°) with
p=0 replaces eq. (17), so that now 1“=rK in the South. For eguivalent
results when 1% = Ark + uwL/pg, A =0, > 0; see Chichilmisky (1984).

U Related results were oblained in Heal and Mcleod (1984),
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Proposition 6. Consider a North-South economy 11, where capital stocks in
the South are fixed (K=K) and L=aw/pg (L=0). Then: {A) A necessary and
sufficient condition for an increase in exporis to lower the South's terms of
trade, real wages, and consumption is technological duality: cy/D<2w/pg.
When the economy is more homogeneous, or wages are lower so that
ca/D = 2w/pg, the South’s terms of trade improve as the South increases its
exports; its real wages and consumption of basics increase. (When L£0, the
necessary and sufficient condition is, instead, c3/D <2w/pg+ I). (B) An increase
in the North's industrial demand leads to an increase in exports and to lower
terms of trade, real wages, and consumption of basics in the South, i and only if
the duality condition holds in the South, c;/D<2wips. (When L+0 the
condition is c/D <2wipg+ L) When co/D=2w/py. terms of trade and real
Wages ncrease.

The consumption of basics and of industrial goods increases simultaneously in
the North provided industrial goods use little labor [ax(N) small] and lahor is
rather unresponsive to the real wage [2(N) small].

Proof. (A) Substituting (19), (17), (3), and (4) in X5=B%S)— B"(S), we
obtain X5 =(cs/D—w/pghaw/pg+L)—(a;/D)K, and dX§/d(w/pg)=afc,/D
—2w/pgl—L. By (22) dw/pgidpg=c,/piD=0. Thus when L=0, dX§/dp; is
negative iff cy/D<2w/py (when L#0, iff ¢,/D<2w/py+L). Finally, B”=
alw/pg) + w/pgL by (3), so that dB”/dpy=0. This completes the proof of (A).
(B) Since I°=rK =fr? +rR,

dr/di®=112rf+ K) =0 (33)

Furthermore, from (23}, across equilibria,

dridpg= —a, /D=0 (34)

{33) and (34) imply dpg/dI®(N)<0, which together with (A) implies:
dX5/dI2 =0, iff c;/D<2w/py when L=0 (or iff ¢;/D<2w/py+ L when L+0)
BP[N) increases by Proposition 5. Q.ED.

21, Fixed endowments of lahor and capital

Proposition 7. Consider a  North-South  model  with  fixed factor
endowments K=K, L=L (x=§=0). In this case, a move to a new equilibrium
with higher levels of exports always lowers the terms of trade and export
revenues of the South, and leads also to lower real wages and consumption of
basics in the South,

Proof
Xg=(c;L—a;K)/D—(wL+rK— I%(S))ips=(c;L—a,K)Dpg+T"(S)/py
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from (22) and (23). Thus,
dXg/dpy=(a,K —c,L)/Dps—1"(S)/pj.

which is always negative because when x=8=0, a,K =c,L by (24). The rest
follows from Propositions 2 and 3.

Proposition 8. Consider the North-South model 1l with fixed factor
endowments. Then a move to an equilibrium with increased exports of the wage
good leads always to a drop in the South's terms of trade, in its real wages, and
in its consumption af the wage gpood. Howeter, in the new eguilibrium, the
South imports more industrial goods.

Proof. In the North-South model 11,
Xi=(cy/D—wipg)L—a, KiD=(c,/psD).—a,K/D

[from (22)]. so that dX3/dps= —c,L/pgD, which is always negative. By
Proposition 6, B"(S) and w/pg(S) fall. Since 1% =rK, by (23) di¥/dp, <0, ie.
indusirial demand increases in the South. However, since factor endowments
are constant, industrial supply /¥ does not change. Therefore, the higher level
of industrial demand at the new equilibrium must be met by increased
imports. Q.ED.

3. Stability and applications

All the commentators agree that the North-South model is stable under
the given conditions. Arrow points out that ‘individual equilibria are stable
in the usual sense of general equilibrium theory'.'? Heal and McLeod extend
and generalize the 1981 stability results to a family of adjustment processes
that contains the process in Chichilnisky (1981). Findlay, Bhagwati,
Srimnivasan, Ranney, and Saavedra-Rivano propose an adjustment process
quite different from that in Chichilnisky (19%81), butl again obtain stability of
the model; see footnote 9. To clarify the discussion, it seems useful to define

arrow (1981, p. 2) states: ‘Individual equilibria are stable in the usual sense of general
equilibrium theory,” Gunning (1984) states in the paragraph afier eq. (14): “Hence equilibrium is
stable in the Walrasian sense...” H nd McLeod (1984, sect. 4) state: ‘It will be shown that
under either of these approach ichilnisky’s model iz stable under the conditions assumed in
her paper.” Findlay (1983, last section) states: “Examination of the structure of the model shows
that it possesses a unique equilibrium that @5 Walras stable .. " Ranney {1984) in the paragraph
after eq. (6) states: thus an increase in pg results in a decline in the production of I goods in
both countries, and the model s Walrasian stable’. Saavedra-Rivano (1984) states in section
‘We know from the preceding section that Walrasian stability of eguilibrium always holds in this
model.” Finally, Srnivasan—Bhagwati (1984} state in their last page ‘one could not therefore pel a
stronger result; the equilibrium is unigue and evidently Walras-stable”.
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the adjustment process in Chichilnisky (1981). This is necessary because all
equations given so far are not relevant for stability analysis, as they are only
equilibrium relations. For instance, all equations until now assumed that
profits are identically zero, namely that commodily prices are linear
combinations of factor prices [(1) and (2}], or equivalently that the
factor/commeodity price relations (22) and (23) hold.

Since the North-South model has constant returns to scale, at equilibrium
profits must be zero. But during the adjustment from a disequilibrium
position to an equilibrium profits are generally not zero. In classical studics
of stability in constant returns to scale economies [Samuelson (1947), Arrow
and Hurwicz (1963)], non-zcro profits are a driving force in the adjustment
process: in disequilibrium producers increase output when profits are
positive, and vice versa. Similarly, more recent adjustment processes in
Chichilinsky (1981}, Mas Colell (1974) and in_Heal and McLeod (1984} non-
zero profits have a non-trivial role during the adjustment. In all of these
processes, therefore, the commodity-factor price equations (1) and (2), or (22)
and (23), do not hold outside of an equilibrium.'? This point is worth noting
because other commentators, e.g., Gunning, Findlay, Bhagwati, Srinivasan,
Ranney and Saavedra use a process which is quite different from the one 1
defined in 1981; in their process profits are assumed to be identically zero at
every disequilibrium point, even while commodity markets are adjusting
This follows from their universal use of the commodity-factor price equations
[(22) and (23)], at every disequilibrium point. Since in their process
commoditly markets adjust and factor markets are always in equilibrium,
their use of egs. (22) and (23) is inappropriate for testing Walrasian stability.
This is because egs. (22) and (23) require that factor prices are continuously
varying as functions of goods prices, even though factor markets remain with
zero excess demand: In a Walrasian adjustment process, there can be no price
changes in markets which remains with zero excess demand. Moreover, since
the process used by these commentators assumes zero profits at every
disequilibriom point, it rules out attractive and traditional approaches such
as those in Samuelson, Arrow and Hurwicz, Mas Colell and_ :é[sal and
McLeod, It also rules out my 1981 process so that these authors have
actually altered the model they comment on. The fact that they do not make
this alteration explicit leads to confusion, since they erroneously attribute
their conclusions to my original model.

We now describe in detail the process in Chichilnisky (1981) for one
region; the two-region process is in the appendix. There are four markets in
each region: for K, L. B, and [, with prices p=(r.w,pgp;). A standard
Walrasian adjustment requires that price changes be positively associated

Uarrow and Hahn (1971, ch. 12, p. 317) define an adjustment process where the price
equations (1} and (2} always hold, but this is because they assumed thal commeodiny arkeTs

remain ar an equilibrivm throughowr, so thai profits are naturally sero, and only factor markets
adjust (lines 21-23).
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with the excess demand in that market,
Ps=DB(p)—SB(p), p;=DI(p)—SHp),w=DL{p)—SL(p)
F=DK(p)—SK(p), (35)

where the letters D and 5§ preceeding a variable indicate (disequilibrium)
demand and supply, respectively, and the dot time derivatives.

In order to avoid the technicalities of a four dimensional dynamical
system, we assumed as in Arrow and Hahn (1971, ch. 12). and in much of the
trade literature, that some of the markets are always at an equilibrium and
that the burden of adjustment lies on the other markets. Factor markets are
therefore assumed always to clear, DL=SL and DK =5K: (35) therefore
implies w=r=0. Also p, is identically equal 1o 1, so that p,=0. The market
for basics is therefore the only one in which price and quantity adjustments
take place, following the differential equation py= DB(p)— 5Bip).

Next we define supply and demand functions SBip) and DH{p), for all
disequilibrium prices, including price vectors p={pg 1. w, r} where profits are
not zero (i.e., where the commaodity-factor price equations {22) and {23) do
not hold simultanecusly). Such a supply function has not been defined
previously. Since the model has constant returns to  scale, profil
maximization conditions do not determine supply independently from
demand, and (disequilibrium) supply functions are therefore not well defined
[see Chichilnisky (1981, appendix), and Arrow and Hahn (1971, ch. 12, sect.
107]. Several alternatives are possible, each of which defines a different
adjustment process; see, ¢.g., Heal-McLeod (1984). We follow a reasonable

. . —
one: for any given price veclor p=(pg. 1, w, r} we use the factor supply
equations SLip)=aw/py+L and SK(p)=fir+ K to determine the level of
factors supplied at p. Since factor markets always clear, SLip)=DLi{p) = L{p)
and SK(p)=S5SK(p)=K(p). and we obtain the total level of capital and labor
employed L{p), K(p). If firms use factors efficiently, the disequilibrium supply
function for basics is then

SB(p) =(c,Lip) — azK(p))/D =(ca/DNaw/py+ L) —(a, /DN fr + K

) (36)
Similarly, the (disequilibrium) supply function for industrial goods 1s
SI(p) =(a,K(p)—c, L{p))/D=(a,/ D) fr + K) (e, /D) aiw/pg)+ L. (37)

By Walras law at any (disequilibrium) price p, the value of expenditures must
equal the value of income,

psDBip)+ DI(p)=wlLi{p)+rKip)+ I1(p). (38)
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where IT(p)=S8B(pg—a,w—c,r)+ 511 —a,w—c,r) are total profits at p, and
are not zerp outside of an equilibrium.

The disequilibrium demand function for basics, DB(p), was defined on page
190 of Chichilnisky (1981) [denoted B%(p)] by

psDB(p)=wL{p)+rK(p) —I"(p).'* (39)

where w and r are the equilibrium values, and T is the constant defined in
eg. (17). By Walras law (38), this i1s equivalent to defining (disequilibrium)
demand for industrial goods as

DIip)=T"+Iip), (40)

implying that profits [7(p) are always spent in the industrial sector. In
particular, since profits I1(p) are non-zero and an increasing function of pg In
disequilibrium, D{p) is not a constant out of equilibrium: DM{p) is an
increasing function of pg, or equivalently DI{p) is downward sloping in the
relative price of p;, as stated in Chichilmisky (1981). It 15 obwvious from (39)
and (40} that Walras law (38) is always satisfied.

To study stability in the neighborhood of one equilibrium, p*=
{p%. 1, w*, r*), one considers a shock to p*. From (33), the factor prices w
and r must remain at the equilibrium values during a Walrasian adjustment
process, ie, w=F=0, because factor markets have been assumed to clear at
all times, so we assume that w=w* and r=r*. Stability in a neighborhood of
one equilibrium requires that the eigenvalues of the Jacobian of system (35)
have pegative real parts. This Jacobian is the 4 x4 matrix of the partial
derivarives of the four functions DB(p)—SB(p), DIip)- 8lip). DL{p)—SL{p).
and DK(p)—SK(p) with respect to the four variables pg, p;. w, and r
However, since p; =w=¢=0, the matrix has only one non-zero term, which is
the partial derivative of the excess demand for basics with respect to the
price of basics, i.e., &' épg(DB(p)—SB(p)). For stability this partial derivative
must be negative. From (36) and (39),

(DBip) — SB(p)) = a(w/pg)® + Bir*/pg)+ (w/pal L~ ac/D)
+rifas/D+ K/pg)+(Kay—Le,)/D—T"/pg, (41)
and 1ts partial derivative with respect to pg is

“In Chichilnisky (1981} this funclion is defined in the appendia, p. 190, where the last two
terms rK and T ought to have been divided by py. However, since only the terms in & matter
when = is large, and these two tlerms do nol conlain o this typo has no conssquence in the
conclusions,



146 G. Chichilnisky, North-South trade and expori-led policies
&/ Epg DBIp) — SB(p)) = (xw/palc2/D —2w/pg) —(fir?/pp)
—{(Lw+ Er)/pg)+T"/p3. [42)

When z is sufficiently large the term aw/picy/D—2w/py) dominates
expression (42). Therefore the B market is stable when « is large and the
duality condition c,/D<2w/pg is satisfied. This is the stability condition on
pages 190-191 of Chichilnisky (1981), and in Heal and McLeod (1984).

It is now immediate that the market for indusirial goods is also stable when
 is large and c,/D < 2w/pg For this the partial derivative &/dpg(DI{p)—5S1{p))
must be positive, which follows from (42) <0 and Walras law.'® We obtain;

Proposition 9. [appendix 2 of Chichilnisky ({981)]. Under the Walrasian
adjustment process p=DB(p)—SB(p) of Chichilnisky (1981}, the economy of the
Sourh is stable when o is large and /0 < 2w/pg.

Heal and Mcleod (1984) have studied more general adjustment processes
for the Morth-South model, in particular, one where a proportion 4 of
profits is spent on basics and a proportion (1—2) of profits is spent on
industrial goods. They prove that the most favorable case for stability is
when all profits are allocated to the industnal sector [ie., (A=0)], so that the
adjusiment process in Chichilnisky (1981) is indeed the one most favorable 1o
stable markets. It was also stated in Chichilnisky (1981, p. 191) (but not
proved) that the world marker for basics was stable under the same
conditions:

Praposition 10. Consider the Walrasian adjustment process for the world
economy where the price of basics rises with the world excess demand for
basics. pp=WDB(p)—WDB(p). Then the world economy is stable when the
economy af the South has abundant labor [w(S) large] and dual technologies
{ca/D < aw/pg). (For a proof, sec the appendix.)

To 'summarize: the adjustment process in Chichilnisky (1981) was analyzed
in detail, and was shown to yield Walrasian stability under the conditions in
Chichilnisky (1981). This process has an element in common with the process
defined in Arrow and Hahn (1971) for constant returns to scale economies:
some of the markets {(in our case, factor markets) are always in equilibrium.
It also has an element in common with the processes defined in Samuelson
(1947), Arrow and Hurwicz (1963), Mas Colell (1974) and Heal and McLeod

e —

""Hy Walras law, the value of excess demand is zero, e, pd DB{p)—SB(pli=DHp)  SHph
Tt follows that &'@pglDp)—Sliph ={DB(p) — SBp) —{8/Cp DB(p) — 5B{p)l}pg.  Mear  an
cquilibrium, DBp)I—SBp) is close w zero, so that &/0pg DIp) - SIp) is indeed positive when
&/ 0pgl DB p) — SB(p)) < 0. Therefore the marker for indusirial gonds is alse stahle when x is large
ahd ¢/ D < 2wipg
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(1984): there are non-zero profits outside of an equilibrium, and these have
indeed a non-trivial role in determining the stability of the model. The
stability results, Propositions 9 and 10, agree with the comments of Arrow
(1981), those of Heal-McLeod (1984) and with Chichilnisky (1981).

A final task is to discuss the comments on stability of the North-South
model by Gunning, Findlay, Ranney, Saavedra and Srinivasan-Bhagwati.
These comments are based on one particular adjustment process proposed
first by Findlay [as pointed out by Bhagwati and Srinivasan (1983]], and
which is quite different from that in Chichilnisky {1981). Yet, these authors
still obtain stability of the model; see footnote 12. Findlay et al. confuse my
equilibrium equations with disequilibriom excess supply and demand curves,
and therefore use the wrong excess supply and demand curves to generale an
incorrect adjustment process which is at odds with my model. Figs. 2 and 3
of Bhagwati-Srinivasan [first proposed by Findlay (1983)] are typical
examples. They state that my (disequilibrium) demand for industrial goods is
a constant [ie., DI{p)=I"] and therefore draw the (disequilibrium) demand
function for industrial goods as a vertical line. Yet by Chichilnisky (1981)
and (40) the disequilibrium demand for industrial goods must necessarily be
DI=TP+ H(p), for otherwisc Walras law (38) would be violated. Clearly,
DIip) is not a constant function, because profits I1{p) are not zero outside of
an equilibrium and indeed they vary with p. The error of these authors is
therefore to forget that profits are not zero outside of an equilibrium when
commodity markets adjust, ie, to confuse equilibrium properties  with
disequilibrium properties.

A similar error appears in these comments’ analysis of the market for
basics. Here we choose fig. 1 of Gunning (1984) and fig. 1 of Ranney {1984)
as typical examples: the downward sloping cross equilibria curve X% is
confused there with a disequilibrium excess supply curve in the usual sense,
1., with the curve SB(S)—DB(S), defined in (41) and in page 190 of
Chichilnisky (1981). Yet the two curves X5 and (SR(S)—DB(S)) are very
different objects. In lact, one is downward sloping precisely when the other is
upward sloping: when c¢;/D<2w/py, the slope of X% is nepative by
Proposition 2, while #/dpglSB— DB) is pasitive, as shown in (42). Once again,
the error of these authors is to forget that profits are not zero ouiside of an
equilibrium when commodity markets adiusi: X% is a curve across equilibria,
constructed assuming that commodity/factor price relations (22) and (23)
hold. This means that profits are zero along X5: therefore X5 cannot be a
disequilibrium excess supply curve, because in disequilibrium profits are not
ZET,

The extemporaneous assumption that profits are zero everywhere outside
of equilibria leads obviously to an erroneous specification of the Walras law
and to a number of other erroneous conclusions. In Chichilnisky {1981) a
warning was repeated several times against confusing X3 with a supply
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curve, and Arrow (1981) warns against this error as well'®: Nevertheless, it
has been made. However, since in each equilibrium profits are necessarily
zero, and the two approaches differ only in the value of profits, the two
approaches give exactly the same equilibria. This explains why all these
comments agree on the whole with the comparative statics results of
Chichilnisky (1981): export volumes of the South are negatively associated to
their price, and higher values of industrial demand in the North lead to
lower prices and to higher volumes of exports of basic goods from the South
(when =z is large, and c;/D<2w/pg in the South). They also agree that the
model 15 stable, even though they define stability differently. Thus the
differences that arise from this confusion are actually rather minor, although
in some cases it takes a careful reading to disclose this fact.

The only point at stake is the disequilibrium interpretation of the
comparative slatics results which is only natural since the adjustment process
has been changed. The difference of interpretation is most acute when these
authors state rather emphatically that a drop in the South’s terms of trade
following an expansion of the industrial demand in the North, ‘must follow
from a decrease or downward shift in the North's demand for basics’.!” This
is actually false. Both Proposition 5 of scction 2 and Theorem 1 in Heal and
McLeod (1984) show that the terms of trade of the South may drop even with
an exogenous increase in B"(N) or an upward shift in the international demand
for basics in the North. This poinl is also substantiated by the simulations in

18The differcnee between X3 and an excess supply curve valid for stability analysis was clearly
pointed out in Chichilnisky (1981, fo. 10, p. 175 and p. 189, lines 15-31). Arrow (1981, pp. 1-2)
states: ‘Methodologically, the papers are exemplary applications of general equilibrium analysis
A clear distinction is made berween the downward sloping response af the economy as o whole and
supply rurves in the strict sense. The reaction curve (X5} links alternative equilibria of the
economy and is not a curee relevant (o any one equilibrivm, 1t is shown, in fact, thal the individual
equilibria are stable in the usual sense of peneral equilibrium theory” (my italics),

UFindlay (1983 states: “A shill in the demand of the North towards the Soutl’s exports in
her model actually can only produce the completely standard result that it would improve the
terms of trade of the latter” Gunning, states in his Proposition 1; "A positive shift in demand for
hasic goods by the North results for the South in an improvement of the terms of trade, higher
real wages, and increased consumption” And in the next paragraph: Sinvestmentl demand in the
Morth is incregsed. This implies & shilt in the composition of the North's demand away from the
basic goods exported by the South...” Snnivasan-Bhagwati state on their last page: "MNow
consider the Morth to have an increased demand for South’s exportable good B, as in
Chichilnisky. We then get the orthodox conclusion that p,/ps must decrease with increased
demand for the B-good. Saavedra-Rivano states in seclion 20 ‘An increase in (I idemand for
industrial goods of the North) is eguivalent te a downward shift in the demand for basic poods
by the Morth” Ranney states in her last paragraph: ‘An increase in the demand for basic poods
by the MNorth will never result in a worsening of the terms of trade for the South or a decrease
in the purchasing power of wapes within the South’ All these statements contradict the facts:
industrial demand in the North may increase simultaneously with its demand for basics, as the
price of basics is lower [see Propositien 3, the numerical simulations in the appendix, figs. 3 and
4, aWcLeud (1984)]. In any case their disagreement must be seen in its proper context:
in DE) Bhagwati-Srinivasan argued against my 1980 IDE results on international
transfers, while Bhagwati and co-suthors (AER, 1983) subsequently put their names o the same
comclusions.
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the appendix: An increase in the demand for basics of the North DB{N), and a
positive shift in the excess demand for basics of the North WD [which
intersects X3 from above)'® lead to a drop in the price of basics pg and in the
purchasing power of the South. This occurs within a Walras stable market,
because both international demand and supply curves vary simultaneously when
I®(N) or BY(N) increase. Fig. 2b in Chichilnisky (1981) illustrated this fact;
this figure is reproduced in the appendix (fig. 3) from a simulation of the
model. In a Walras-stable market, a drop in the price of basics may follow
an upward shift in demand for basics when the supply curve for basics shifls
sufficiently. This is precisely what was shown in Chichilnisky (1981). When
the equilibrium value of industnial demand in the North I"{N) increases,
both excess supply and demand curves for basics shift. At the new I?(N), a
new equilibrium set of prices emerges (p§, 1, w*, r*), the only set of prices
compatible with the new I”(N). From the definitions of the excess supply and
demand functions for basics {41) in each region, it is clear that both of these
functions shift at the new equilibrium; scec fig. 4. Obviously, when both
demand and supply curves shift simultaneously, an increase or upward shift
in demand may be accompanied by lower prices, within a Walras-stahle
market.

Gunning, Findlay, Saavedra, Ranney and Srinivasan-Bhagwati all make
the same error: they invoke Walrasian stability to deduce erroneously that a
drop in the price of basics can only derive from a decrease in the North's
demand for basics (see footnole 17). But obvicusly, Walrasian stability can
only yield a relation between demand and prices when everything else
remains constant. This 15 a ceferis paribus partial equilibrium assumption
which 15 certainly not satisfied in my model, so the argument is clearly
flawed.

In view of the interest demonstrated in the comments in fig. 2b of
Chichilnisky {1981), it may be helpful to repeat here what the curves in this
figure are, and what they are not. The demand curve denoted WD in fig. 2h,
is the North's excess demand function WD =DB{N)—SB(N), defined in (41).
It is a properly defined disequilibriom curve, and is a curve useful for
stability analysis. The curve X§ defined in (30) is a totally different object: it

Soame of the comments state thal for Walrasian stability X§ must be met by the Morth's
excess demand curve from below, which 15 an erroneous conclusion. This error leads them (o
question fig. 2b in Chichilnisky (1981} Gunning states: *...Henee the export supply curve X§
necessarily crosses the import demand curve from above as shown in fig. 1" Ranney, footnote
11, states: ‘Walrasian stability, shown from eq. (6) above, implies that excess demand of the
Morth cannot cross X% [rom above! In two different versions of his paper, Saavedra-Rivano,
Part I states: ‘there is a confusion with the conceptl of stabality, already noted in the preceeding
part, which is highlighted in fig. 2 in Chichilnisky (1981}, This diagram, presented as an
illustration of Proposition 1, indesd depicts unstable equilibna both for the closed economy of
the South and for the world economy”. These statements are all incorreci. Fig. 3 below shows
that X% i= met by above by the excess demand of the Morth, as i fig. 2b of Chichilmsky {1981},
and the cquilibrium is indeed Walrasian stable, becaose the eacess supply of the South is upward
sloping and excess demand of the North downward sloping
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15 a cross equilibrium locus of export volumes and export prices, and not a
disequilibrium excess supply curve valid for testing Walrasian stability. This
was pointed out clearly in Chichilnisky (1981) and in Arrow (1981); see
footnote 16. The use of X as an excess supply curve is not appropriate for
testing Walrasian stability because it requires that the price equations are
satisfied at all times, so that factor prices are continuously varying as
functions of goods prices, even though the factor markets are continuously at
an equilibrium with excess demand zero. In @ Walrasian adjustment process,
there can be no price changes in a market which remains with zero excess
demand. The disequilibriumn excess supply of the South SB(S)—DB(5) was
defined in appendix 2 Chichilnisky (1981) and in (41) above, and 15 clearly
very different from X7j.

A simulation of fig. 2b of Chichilnisky (1981) with the proper excess supply
function of the South W&= WB(S)—DB(S), is in figs. 3 and 4. It shows X35
as the locus of the intersections of two sets of curves: the (disequilibrium)
excess demand curves of the Morth WD and the (disequilibrium) excess
supply curves of the South WS, at different equilibria. How the North's
excess demand curve WD meets X5 is totally irrelevant for stability; what
matters for stability is only how the excess demand of the North WD crosses
excess supply of the South, W5, Since excess demand WD 15 downward
sloping and excess supply WS is upward sloping. the equilibrium is
obviously stable; see figs. 3 and 4, appendix,

The cross equilibria curve X3 and the excess supply and demand curves
were also analysed theoretically and simulated numerically in Heal and
McLeod (1984). Another case in the hterature where a downward sloping
equilibrivm supply price locus is met from above by a demand curve 1s in
Meary (1978). His fig. 3 (p. 678) includes a downward sloping equilibrium
locus, the analogue to X5, and two supply and demand curves {which he
calls “short run’), the analogues to the North's excess demand and the
South’s excess supply. Neary carefully points out that his supply-price
equilibrium locus is met from above by the demand curve, in a Walrasian
stable market.

The mislabelling of X% as a disequilibrium supply curve is therefore
unhelplul for economic understanding: it has apparently led several authors
to conclude that the price of basics can only drop with a decrease in the
MNorths demand for basics, an erroneous conclusion, This mislabelling 15 also
theoretically unsatisfactory, since X§ is defined by keeping zero profits
everywhere, an assumption that runs counter to classical disequilibrium
adjustment processes for constant return cconomics of Arrow, Hurwicz and
Samuelson.

Stability analysis should be piven its rightful role: to suggest plausible
adjustment processes to an equilibrium. But it should not be allowed to
confuse and obscure the only facts that economics owns: the comparative
statics results that obtain from changes in exopenous parameters.
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3.0, Applications

The model presented in my 1981 paper, and developed further above,
shows that under certain conditions an expansion of labor intensive exports
leads to disadvantageous oulcomes for the South, even where this is
associaled to an expansion of the North’s demand for basics. The critical
conditions concern the domestic structure of the South’s economy as
reflected by the inequality c,/D%2w/py, and the responsiveness of labor
supplies to real wages. In order to evaluate the basic structure of the model,
and to test its implications for particular cases, a sequence of econometric
case studies has been undertaken. The first of these is reported in
Chichilnisky, Heal and Podivinsky (1983). This deals with trade between 5ri

Lanka and The United Kingdom, which is characterized by the exchange of
primary products (mainly tea) for industrial goods,

For this empirical implementation, the equilibrium equations (1) to (17) of
section 2 above were treated (in reduced form) as describing the long-run
steady state of a dynamical system. The system was then assumed to adjust
towards this steady state configuration by a partial adjustment process, a
standard way of developing a time-series implementation of an equilibrium
model.

The resulting system of non-linear simultaneous equations was estimated,
using a 25 year data series. by both non-lincar FIML and 3-state least
squares. Full details of the results are contained in Chichilnisky, Heal and
Podivinsky (1983): these results confirmed that a dynamic adaptation of the
model defined by egs. (1) to (17) can provide a good statistical explanation of
patterns of trade between Sri Lanka and the UK. and their relationship to
technologies and factor prices. The case study also established that in Sni
Lanka, where labor is certainly abundant, the inequality c,/D = 2w/py held
for every year but onc i the same period 1952 to 1980. In view of
Propositions 2 and 3 above, this implies that during the sample period a
change in demand in the UK. that led to an expansion of Sri Lanka's
exports, would lead in statistical terms to a reduction in Sri Lanka’s real
wages and terms of trade. This case study thus confirms both the
appropriateness of the general structure of the model and the potential
importance of the domestic structural issues that it highlights. Other
applications are: Mahran {1982) extended the North-South model to Cobb
Douglas technologies; Urnarte (1981) includes land as an input, in Chi-
chilnisky (1983) one region is a monopolistic resource exporter; Chichilnisky
and McLeod (1984) studyv increases in agricultural productivity; and Chi-
chilmisky, Heal and McLeod (1983) study the North-5outh model with debt.

—

Appendix

This appendix contains the results of several computer runs which
reproduce numerically comparative statics results of Chichilmisky (1981),
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propositions in section 2, and the stability results in section 3. These werc
produced by Eduardo-Jose Chichilnisky. A program in BASIC is available in
Chichilnisky (1983): it is based on the resolving equation (24).

Al Dara set; Initial parameters

x Fa a; € ez L K D
South 75 0025 45 002 001 3 -2 27 135
North 6 9.7 2 015 13 1.7 0.5 12 313

TBS) =400 Run I' IMN)=600 Run 2 I*[N)=7.00

The initial data shows that labor is abundant in the South [«{5)=75] and
much less abundant in the Worth [a{N)=6]. The duality condition
¢5/D < 2w/pg is satisfied in both runs of the South. The North has more
abundant capital than the South [A(N)=9.7 while 8(5)=0.025, and K(N)=12
while K(8)=2.7]. The level of duality is much higher in the South, D{S)=13.5,
while in the Morth D{N)=3.13.

A2 Kolutions: Endogenous variables

South Marth

Run 1 Run 2 Run | Rum 2
P 3252 170 3252 1721
W 7232 03818 1.1%4 0.3598
W/ Ty 02220 (L2218 0.3666 0, 205
r 0.3285 03308 0.4529  0.5565
L 14.65 14.63 2,700 I.754
K 2.70822 226 16683 17.3498
B 3252 3248 0ea6T O]9
Be 2.297 1441 To1e 1.925
X5 09541 1.8k — 09541 —1.R06
P~ (LR91RG 08913 9108 140 100
" 4,00 4.0 6.00 7.00
Xy 310810 310807 —31081 —3.10807
oyl D
—2wipy, 02218 —-0.2214 — 01901 0.1251

A.3. Simulation of comparative statics results

Runs 1 and 2 above reproduce numerically the results of Propositions |
and 3 in Chichilnisky (1981), and Propositions 2, 3, and 4 in section 2. In
both runs, the industrial demand in the South I7(5) is equal to 4.00. In the
first run, the industrial demand in the North is 6.00, and is increased to 7.00
in the second run.
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As proved in Proposition 3 of Chichilnisky (1981) and Proposition 3 of
section 2, the increase in the wvalue of I®(N) has the following general
equilibrium effects; Exports of basic goods in the South, X, increase, the
price of basics pg decreases, wages in the South decreases, consumption of
basics in the South decrease, and total export revenues of the South decrease
(Proposition 4). Also, as stated in Proposition 5, the North's demand for
basics BP(N) increases: the North consumes simultancously more of both
goods. In the South, I”(S) remains constant and B"(S) decreases. Hence, the
welfare of the South decreases, the welfare of the North increases.

These runs confirm also Proposition 1 of Chichilmsky (1981) and
Proposition 1 of section 2, since changing exogenously the export volume X3
from 0.9541 to 1.806, and leaving I®(N) to be determined endogenously, leads
to the same solutions of runs 1 and 2.

A4, Srabilivy analysis: The two region model

There are six markets: two markets for commodities, basics, and industrial
goods, and two different markets for factors (capital and labor) in each region,
as factors arc not traded internationally. A price vector is now p=(pg.
Py wiS), wilN), r{5), iN}). A Walrasian adjustment process is described by prices
increasing with the world excess demand,

pa=WEDB(p)=DB(5)(p) — SB(S)(p) + DB(N)p) - SB(N){p),
py=WEDI(p)= DI(S)p)— SI(S)(p) + DI(N)(p),
A(N}=DK(N)(p) —SK(N)(p),
W(§)=DL{S)(p) — SL(S){p). FHS)=DK(S)(p), and
W{N) = DL{N){p) — SL(N)(p)-
As belore, we assume that all factors markets clear, and that industrial goods
are the numeraire, so that p; = WS)=wWw{N)=FHS)=FAN}=0. Therefore, wages

and profits always remain at their equilibrium levels, and we only need to
prove that the first differential equation p, = W EDB(p) leads to stability.

The world's market for basics: Srability

The world's supply function of basics is the sum of the North's and the
South’s,

WSB{p)=SB{N){p)+ SB(S)(p) (A1)
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from (36)
=(ca(N)DINIafNIW(N)/pu + LIND) + ax (N DIN)BIN)HN)
+ K (N)) +c/Diaw/pg+ L) — a/Difir + K,

where as uvsual all parameters and variables are from the South unless
otherwise indicated. :

Mext we define the world demand for basics at any (disequilibrium) price p.
In each region Walras law is now pgBD{p) + DIip)=wlip)+rK(p) + P+ NX,
where NX denotes net export revenues at price p. This implics that at
any price vector p the demand function for basics in each region is now
DB(p)=[wL{p)+rKip)—T*(p))/ps+ piNX /py), where p is the proportion of
net export revenues allocated to the B sector. Here we have assumed as
before that DI{p)=T"+ I{p), so that profits are spent in the industrial goods.
At an equilibrium net export revenues NX are, of course, zero: this is the
balance of payments condition (11), Qutside of an equilibrium, however, NX
need not be zero. However, the world's net export revenues, which is the sum
of the North's and the South’s NX{N)+ NX(5), must be zero. In particular,
when p(S)=p{N), 1e, when the same proportion of exporl revenues goes (o
basics in both region. p(NX{MN)/pp)+ piNX(5)/pg) =0. Therefore, the world
excess demand for basics WEDE, which is the sum of the North's and the
South’s, does not contain any term in NX. We obtain from (40):

WEDB(p) =(DB(N)p)+ DB(S)p)) —(SBIN}p) + SB(S) p))
=alwpg)® + friipy+ (wipgh L —aca/D)+riBas/D+ Kipg)
+(Kay —Leg/D —T"/py+ al NN wiN)/pg)®
+ AINJr{NF pp+ (w{N)pg) LN}
— 2 N)e A N DN} +rANKFIN A N)DIN) + K(N)/pa)
+(R{N)a(N) — (LiN)e NJADINY — TPN) /. (A2
where all the parameters are for the South unless otherwise indicated.

We now study the stability of the world market for basics, Le., the sign of
the partial derivative of WEDB(p) with respect to the price pg. From (42},
(8/Epal WEDB(p)) = (aw/pil e/ D — 2w/ pg)— friipi—((Lw+rK)ipp) + T pi

+ (NN pElc 2 N)DIN) — 2w(N)/py) ~ BINNAN)) pg

— ((LONJW{N) + ANIK (N))/p2) + FIN) /i, (A3)
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where all parameters, unless otherwise indicated, are from the South. When
wfS) 15 sufficiently large that the terms in (S) dominate (A.3), &/dp; WEDB(p)
has the sign of the expression aw/pglc,/D—2w/pg) in the South. Therefore,
when ¢;/D < 2w'pg in the South, the world B-market is stable. As in the one
region case, the world market for [ is also stable, from Walras law. We have
thus proved Proposition 10 in section 3.

The world's market for industrial goods: Stability
From eq. (37), the world's supply for industrial goods is
WSI(p)=SI{S)p)+ SHN)p)
=(a,/DKPr+ K)—(c,/D)aw/ps +L)

+(a,(NYDIND(BNIHN) + R (N)) — (e, (N) DIN) Ny w(N)/py + LIN)),
(A4)

and the world’s demand is
WDI(p) = DI{N)p)+ DISKp)
=TPS)+TP(N)+ I1{S)p) + T(N)p)
=TP(Si+(py— a,w— cyr)[ico/DYaw/pg+ L) — ay/Difr+ R)T+ TP(N)
+(pg—a,(N)W(N) — ¢, (NJr{N)Lco( N} DIN) = N)w(N)/py + LIN})

—(aN)/DIN)}BN)r(N) + K(N))]. (A.5)

As already mentioned, this [-market is stable when «(5) is large and
¢5/D < 2w/pg in the South (Proposition 10 and footnote 15).

A5, Numerical simulations of stahility

Using always the same data base, we compute numerically the world’s
(disequilibrium) supply and demand curves for basics and for industrial
goods in fig 1. Fig. 2 reproduces figure 2b in Chichilnisky (1981); as
discussed in section 3, this figure depicts two curves: the cross equilibria
relation X5 (30) relating the exports of the South and their price,

X§=|II'-'1-"'D2P3HC': c,/pa) +(fa, /D a, —a,/pg)
+le,L—a,K)/Dpg+T°(S)/pg.

where all parameters are for the South; and the North's disequilibrium excess
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demand for basics, denoted WD in Chichilnisky (1981). From (41),
WD =DB(N)(p)—SB(N)p)= rr{wfp:i" +Br¥ips+(w/psl L—ac,/D)
+rpay/D + K [pg)+(Kay—Leg)/D—T7/pg,

where all parameters and variables are for the North.

P a
1.730 B

1.7200 4

WIE = DE{S]+DE(N)

WSR=50 (5} +5B(N)

3.H 3.36 3,38 340

WA H=world disequilibrium supply of basics.
WDEB = world disequilibrium demand for hasics.
The world marketl for basics is stable when 2(5)
is large, and ¢ /D<2wip, in the South
{Proposition 10, section 3).

Mumencal values,

Pa WSB  WDB

1.6 16982 - 38433
1.65 35555 36894
1.7 34215 34582
1.75 iMde 32470
1LE 3T 305346

Slope of WiB= =038
Slope of WDH=—022

Fig. 1a. Simulation of worlds disequilibrium supply and demand curves per basics [at the
equilibrium corresponding to 1%(N)=7.0].



G. Chichilmisky, North-South trade and expori-led policies 157

Finally, fig. 3 exhibits the cross equilibria relation X§ as the intersection of
world excess supply of the South and excess demand curves of the North, ie.,
as the intersection of different WD and WS across different equilibria. Note
that each WD meets X} from above. The world market is Walras-stable
because WD meets WS from below at each B equilibrium.

r b
B
1.80 1
1.75
1572 Jocaa s s i o
1.70
WOI=DI[5)+01{N)
1.65 1 WS1=51(5)+51 (N]
y T r T
140,50 10,75 11 11.25

W&l =world disequalibrium supply of industrial
pgoods.

Wil =world disequilibrium  demand for
industrial goods.

The world market for industrial goods s also
stable, under the conditions of Proposition 140,
section 3.

Mumerical values.

Pa Wi Wi
1.6 1944 10.553
1.65 10,968 10,748
1.7 10.991 10,928
1.75 112 11.0%
1.8 114032 11.250

Slope of WiI=22
Slope of WDI =029

Fig. 1b. Simulation of the world's disequilibnium supply and demand curves for industnal goods
[at the equilibrium corresponding 1o YN} =7.0].

LDE—F
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Py

WD: excess demand from the North = DE(M) - SB(N)

Equilibrium with ID(N] = 7.0

1.80 1.8% 1,80

This figure reproduces fig 2h in Chichilnisky (1981} where the curves have been computed
numerically from the basic data set, For [P{Nj= 7.0 we obtain WD, and for 1"(N)=T.1 we
abtain WX, Note that the cross equilibrium curve s met from above by both of the curves
representing the North's disequilibrium excess demand (WD and WD), and that by fig. 1a the
world's market for basic goods is Walrasian stghle. Mote also that the curve WD is a shift 1o
the right of the excess demand [or hasics of the Morth WD, yet at the new equilibrium [when
I™N) has increased to 7.1] the price of Basics is lower. This is as depicted in fig 2b of
Chichilnisky {1981), Proposition 3 of Chichilnisky {1981), and Proposition 5 of section 2 above,
The drop in the price of basics following the positive shift in the North's excess demand for
basics, is due to a simultaneous shifi in the excess supply curve for hasics of the South, SBIS)
DB{S), a curve that appears in fig 3. .

Mumencal values

P XB woat Ny -0 WD a N)=T1
1.56 1992 1.963 1.97%
16 1943 1920 1.937
1.66 1872 1860 1580
1.7 LE2R 1.823 1.644
1.74  1L.786 1785 1810
1.5 1,727 1.73% 1.763

Slope of X3= — 09 Slope of WD = — 11
Slope of WDI'= —1.1
Fig. 2 Simulation of fig. 2b m Chichilnisky {19813 X§ and the exoess demand functivn Tor

basics of the North W= DAN) - SH N, in & neighborhouod of the stable eguilibria given by
Iy 70 and pd=1.721 and of 1%Np= 7.1 and pf=162.
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Py

LA WS

1,62

v : ' — B
1,80 1_B& 1.90 1.95

The cross equilibria relation X% is the locus of the intersection of the {disequilibrium) excess
demand curve of the NMorth WD with the (disequilibrium) excess supply of the South, W5, These
curves are computed al nearby equilibria determined by varying exogenously M) Moete that in
the two equilibria, W0 meets X3 from above. The market is Walrasian stable because world
demand WD mects world supply WS from below,

WD=DB[N)—5B(K), WS5=3B(5)- DB

WD and WS correspond to IP(Nj=70. WD and WS correspond to I%{N)=T7.1. The curve X3
is computed from a range of dilferent values of I™{N), which sre of course associated 1o different
equilibrium prices pg. WD, WS and X meet at p,=1.721 and WD, W5, and X§ meet al
pa= 162

Mumerical values

s Wi Ws X3 WD Wy

1.56 1963 L6&19  1.992  197%  LRSR
1.6 1920 1677 1943 18937 LEST
16 1860 1748 1872 1EEQ 1944
1.7 1823 1.TRE 182 1344 1969
1.74 1788 1821  178e 1810 1988
1.B 1,739 1862 1727 1763 2011

Slope of X3=—051, Slope of WD=—1.1, Slope
of Wi=1, Slope of WD=—1.1, Slope of W5
=16

Fig. 3. Simulation of X§ as a locus of equilibria in the international market lor basic goods.
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