71

Journal of Internaijonal Economic
Integration 1(2), Antumn 1986, 171--182.

' Non-Traded Goods |
in An Asymmetric Trade Model

Dimitrios G, Demekas®

! ;
|

. L
l. Introduction . i
|

r

¢

‘
<

1
Models with asymmetric production patierns in the countries that are participating

in trade offer a framework in which the countries, unlike in the traditional trade models,
do not produce exactly the same goods, but have overlapping ranges of specialization, '
This is a convenient way to introduce structural differences between the trade partners,
and, for this reason, this notion of asymmetry has been used as the basis for “North —
South’ maodels, beginning with the work of W.A. Lewis (1954). On the other hand, in a
totally different context, models with non-iraded goods are becoming increasingly popular
lately, especially afier the contributions of Komiya (1867) and MecDougall (1970). Their
main analytical feature is the addition of a sirictly domestic market for one or more goods
to the traded goods market. Although these models do not present serious conceptual
difficulites, ihelr siruciure can someiimes become complicaicd, jones noticed that *a
geueral treatment of the three-commodity case [makes] it more difficalt to analyze the
interactions between markets.”. (Jones, 1974, p. 122).

Unlike in the conventional models, where the non-traded good has 1o be added to the
group of goods produced and exchanged in the worlkd marke(, non-waded goods can be
readily introduced in an asymumetric structure, such as the simple setup in Lewis (1969)
and (1978), or Findlay {1984}, There we have a “North” producing “Food” and “Manu-
factures” and a “South’ producing “Food” and “Cloffec”. In that model Lewis, letting
“Tood” be [reely traded , proves that increases in the productivity in “Food” (“Coffec”)

end up unambiguously improving (worsening} the terms of trade for the “South”, This
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result illustrales the mechanics of unequal exchange in a fzctora! terms of trade sense,
This paper combines *asymmetric structure and non-iraded goods in a rigorous
general cquilibrivm framework that is easier to handle than conventional three-good
models, We will build the model and show how the determination of equilibrium can be
pictured in a simple diagram. Furthermore, comparative statics in this context will prove
that the produciivity effects on the terms of trade are, in principle, ambiguous, and, for
reasonable parameter values, the Lewis results may not hold. The model is described in the
firsi part, equilibrium determination in the second and the comparative static exercises

in the third.
Il. The Model

Our world economy consists of two countries or regions, the “home™ and the rest of
the world (“ROW?”). Therc are three goods 1, 2 and 3, produced pairwise asymmerrically
in the two countries: the home country produces goods 1 and 2 and the ROW goods 2
and 3. We will use simple Ricardian production technology for two reasons. Firg, be-
cause this makes the determination of equilibrium much easier. Second, because we want
to maintain a structure similar to Lewis’ in order to re-examine his comparative static
vesults in 4 model with non-traded goods. The production [unctions arg, therefore simple

one-faclor with fixed coeflicients of ihe form:
Qi = a:'Lfs i = 13 2: 3!
where the a's are ithe produclion cocflicients (marginal and average product of labor)
and the L/s are the part of the lolal labor force employed in the production of good f.
Full’ employment, asswmed in both countrics, gives:
L, + L, = L, for the home country, and
LROW 4 [ROW — TROW [or ROW.

These conditions generate the familiar linear Ricardian production possibility {rontiers,
with slopes equal to the ratio ol the production coellicients.

On the consumption side, both countries maximize social utility functions of the
form: U(g,), where g; is the amount of good ¢ consumed. We will assume the usual con-
vexity properties for the perference sets, so that we can get well behaved demand func-
tions:

DY, p;) for the home country, and
DROW (YROW, b for the ROW,
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We assume that good 2,the cormmonly produced one, is prevented from being traded
by high transportation costs or policy measures. The trade pattern between the two
countries s then clear: the home country will export good 1, and import good 3. Further-
more, since hoth countries consume all three goodé, the case of complete specialization for
cither of the irade patrners is ruled out.

To determine the equilibrium, we let good 2 be the numeraire. Since, however,
production and consumption technologies ave not; in general, identical in the two coun-
tries, and there i3 no arbitrage through trade in good 2, its price need not be equalized in
the home country and the ROW, We will, therefore, set the price of good 2 in the ROW
equal to one, and let p, denote the relative price of good 2 produced at home. Notice also
that, since incomplete specialization prevails, the relative prices of the country-specific

goods with respect to the domestically produced good 2 are equal to the inverse of ;hé

ratio of the production coeflicients. Formally: : . | ’ilg,

Ve QZL, YROW HZROWLROW, and
Milps = wfay, pg = afOW[a,ROW,

The static world trade equilibrium thien is a vector of prices p; which clears markets in all

three goods and keeps the trade balanced.
1. Tﬁe Static Equilibrium
a. Equilibrium in the Domestic Mavket
We will concentrate on the home country. I the home country is “small”, the prob-

lem is obviously trivial: if the terms of trade, p;/fy, are given, then, since gy and p,/p, are
fixed, prices and incomes are directly detlermined. Hence, the levels of demands can be

nanifind and thevy i fiien determinag the allacaiinn ~f lahar 30 tha snendieiian ~F onnde
WALy el LI RIS Ll RRLLLIIEAL L sl Ul an UL e uliil Pl LeUiion n 5Ouiise
The interesiing case is when the home country is treated as “large™.
I
The market clearing condilions 'at home are:
Dy(Y, 1) = a3ly {1)
r O 183 -
DY, py) + DFOV (YROV, p) = a1 (2)

We want, however, trade 1o be balanced. This implics:
‘ |
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DEFEW () = (pafp)Ds(. . )

-

Substituting in (2), and using the full employment condition, we get:

DY, pi) + (sl Ds(Y, 40) = (L — L) (2-2)

Notice now that, since 3 and g, /p, are fixed and income at home depends on py, (1)
and (2.2} form a 2 % 2 system in #5 and Ly, This can most naturally be interpreted as the
domestic market for the non-traded good 2. Equilibrium in this markel will delermine the
allocation of labor at home and the price i, which, in turn, will tie down the rest of the
relative prices in the world economy. Developing the model along these lines will give us -
significant intuition and permit us 1o iflustrate the workings in a simple diagram, Some
additional notation is necessary at this point: upper case Qs and lower case ¢,'s denote
production and consumption levels of good i respectively; £.'s denote home income in
physical terms of good i, or the endowment ol good ¢, namely a,L; ¢ ;s are the demand
elasticities of good ¢ with respect to the price of good j, with their original (positive or
negative) signs, and #; is the income elasticity of demand for good #; finally, the relative
price ratio al home will be written as: '

0 T S 3
FS ()»

The domestic demand for good 2 is given in (1). To determine the slope:

D e Dy 1

o 00 1 ab ab,
2k

2 -t
+ Tﬁz—‘ -+ “?‘Y ﬂzL (4)

Substituting for £ [rom (3), and after some standard manipulations, we get:
D= Lhlens et m) ()

Obvioﬁsig" the slope depends on the sign of the expression in parentheses, This peculiar
demand curve can be explained if we remember that changes in the price p, affect demand
i ce cllect, captur
through the cross-price effect of py, since py and p, are tied together by the relative pro-
ductivity ratio, captured by ¢, 1; and thréugh the income eflect, since income depends on
Pa, caplured by hy. This means that we may very well have a positively sloping demand
curve, even il good 2 is not Giffen,
Some additional light can be shed il we use the Slulsky equation o expand (41
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r ,@Q& 1 9D, _ 0.0y @22#
De= ikt o, \u 25yt oy @k
_ 0D, 1 _@;D_z 0D, I, — :
B aﬂl /‘7 op2 I gy (Ey ~ ¢2) (4.b)

In (4.b) therc are two iricome effects on demand: the Slutsky/direct income effect, de-
pending on the amount of good 2 consumed, and the additional indirect one described
above, which depends on the endowment of good 2. These two effects work in opposite
directions: the higher the consumption of 2 relative to the endowment, the closer to zero
the term (E, — g,) is, and the less important for'the slope of the demand curve the overall
income effect is.

Finally, (4.a) can be drastically simplified il we recall that indirect utility and dé-

. . . Y
mand [unctions are homogeneous of degree zero in income and prices. This means that:l ‘;)
it

.
H

I
N i (]
i .
e5 + epy + egg +y =0 X l"

Substituting, we can rewrite {4.a) as:

_ Dy (4.c)
b, (B3 4.c
2
Tl . ! h lasticity of th
The slope here seems to depend solely and inversely on the cross-elasticity of the demand

for good 2 with respect to the price of good 3. This somewhat surprising result can be
readily explained: when gy increases (decreases}, both py and income increase (décrease)
at the same proportion; this is equivalent to a decrease {increase) in py again at the same
proporiion, and, thus, the total effect is equal w the cross price effect of 3 on the demand
for 2.

The supply of good 2 can be derived from (2.a). Rearranging terms and multiplying

¢

both sides by @, we get:

o S A aZ LR ¥ ) \' ag _!)3 L2 I A 7 A
' Qg = Gplg = Mg — —S LAY, Py) o 5 U X By)
&4 ay 1

——
L 1]
~—r

(5) suggests that the supply of good 2 can be thought of as a residual if, from the total
endowment of 2 we subiract what is needed to satisfy demand for good 1 for consumption
purposes, given the technological rate of transformation, plus demand for good 1 as a
means of exchange 'with good 3, given the rate of iranslormation of one to the other
through trade, namely the terms of trade. The slope.of the supply curve is given by the.

derivative of (5), which, alter some standard manipulations,. can be writlen as:
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$3= LTk e+ m) = B8 (o ey g = 1) ®
‘The intuition behind (6) is the following: when p, increases {decreases), pr has to increase
{decrease) by a conslant factor 1/, if equilibrium’ in the domesiic market is to be pre-
served, and also home income increases (decreases) ; these changes affect the demands for
goods 1 and 3 through the respective own and cross-price as well as income cflects, and,
conscquently, the residual supply of good 2. Obviously, the slope of the supply curve
depends on the sign of the expression (6),

Exploiting again the homogeneily property, we can get:

t { ]) I D
S B, 4 Bt 6.4
27 Taipy “3 aif e (1t e) ) (62

The demand and supply curves, given in (1} and (5) respectively, determine an
equilibrium (p%, g%} and, since 2 is non-traded and ¢y = Qg = ayLy, also L,. It is clear
from the previous analysis that the curves need not have the conventional slope. This
does not make any difference for the workings of the model, as Iong as there exists some
price py at which the domestic market clears, We will, however, want to impaose the as-
sumption thal the equilibrium is stable, so that our comparative static exercises are mean-
ingful. For Walrasian stability we need the excess supply to be an increasing function of
price, or, in other words:

Sy > Dj or, in this case:

o [ﬂa Dg (1 4 e3) + Dyey, 3] > Dyea s (7)

Inilection points in one or hoth of the curves may creale multiple cquilibria, but we will

ignore this possible complication,
b, World Trade Equilibrinm

The analysis in a previous section can be summarized in a conventional demand and
supply diagram. Here we will show how it is possible (o picture the mechantes of global
wrade equilibrium in a simple geometric way. In the first quadrant of Figure 1 we have the
production possibility [rontier of the home country, AB. According to our notational
convention, 04 = E; and OB = [%,. In quadrant I1 we have drawn the supply and de-

mand schedules for good 2 in the price-quantity space; the curves drawn here have the
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Figure 1 Quadrant TI7T 2 v Quadrant I

Quadrant ITTI Quadrant IV

conventional shape for convenience. In quadrant 11T the relationship between gy and p,
Is depicted; the line 0% has obviously a slope of 1{k = ayfay. Thus, the fourth quadrant is
the price-quantity space for good 1, and we can draw the domestic demand for 1 as a
function of its price. Again, the curve need not have the usual shape, but here it is drawn
downward sloping. .

Market clearing in quadrant 11 determines p% and ¢% = Q% and, consequently,
Q% in quadrant I. Price ¢} is translated inio p¥% in quadrant III, and, given the demand
schedule for good 1, consumption of good 1, ¢¥, is determined. The difference Q% — ¢%
is the amount of good 1 exported from the home country in exchange for good 3. This
level of exports guarantees balanced trade by virtue of the properties of the supply curve
for good 2. Finaily, the allocation of Jabor in the ROW is determined directly from the
demand function for non-traded good 2 there, since all prices in the world cconomy are
now given, !
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* V. Comparative Statics

Meaninglul comparative stalic exercises can be carried out easily in this framework.
We will examine the effects of changes in the parameters ol production in the home
country, namely the production coefficients and the tolal labor lorce, fitst on the domestic
market [or the non-traded good 2 and then on the terms of trade,

First, let the productivity in the non-traded scctor, 45, change, This will affect income
and relative prices, and consequently demand and supply for good 2. Diflerentiating with

respect to ap, and afler standard manipulations, we get:

D,

o Lalez,1 + 1) e (8)
8% [ _ by . 1Dy ]
aaz = L1 'El (1 + 41 4 731) ;{71151 (‘33.1 + ﬂ3) (9)

Obviously the eflect of a change in ay on supply and demand is not unambiguous, but
depends on income elasticities and the particular substitution and complementarity rela-
tionships between the three goods, The price p, of the non-traded good, however, will be
affected only to the extent that the level of excess supply in the domestic market is altered.
More specifically, since we assumed Walrasian stability, p, will decrease (increase)

il excess supply for 2 increases (decreases). Formally, the condition for unchanged g, is:

"%— (eg1 + ) =1 — ”%f (I e +m) — %%f" (3,1 + ng) (10).
To examine the ellecis on p; we can reler again to Figure 11 if a5 increases, for example,
the ray Of in the third quadrant rotates around 0 towards the vertical axis, since now
good 1 is more expensive in terms of good 2. This means that for a given gy, g is now
higher. Hence, if equilibrium g4 in the domestic market increases or remains unchanged,
p% unambiguously increases and, consequently, since p; is fixed, the terms of trade for the
home country improve, This is the typical Lewis rcsult of an increase inl productivity in
“Tood”, valid even if “Yood” is not traded, It is, however, possible, in this context, that
an increase in ay increases excess supply of 2 and depresses gy so much that the new pf
is smaller than before, and the ierms of tradé worsen. We can sketch a case where this
happens, if we simplify (10) by assuming that the cross price effects on demand functions -

are negligible. In that case, (10) can be rewritten:
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—ﬁE-rt.; 1~ m,ﬁ (1 + ey 4 ny) — —r'in
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(10.2)

We can further simplify (10.a) using a lemima derived {rom what is sometimes rclerred to

as the Engel aggregalion condition.

Lemma: The budget constraint for the home country is:

i+ e + 1’3173 =

(i)

Totally differentiating (i), and afier standard mampulatmns, we get the Engel aggregalion

condition:

0Dy, o DDy pls

Observe that we can write ¥ = p,F,. Substitute in (i) and rewrite:

' Dy n + - De T s ek 5Dy ny = 1, or, since 2 is not iraded
IR I A ’
D, pabs L
Sk 4+ g = ] — SR
&y bl "

2L (1 ) =0, 0r leg) =

12
Us

|

(i)

(10.b)

What (10.b) implies is that il the (conventionally signed) price elasticity of demand for

good 1 is greater (less) than unity at home, an increase in ap will resull in excess supply

(demand) in the domestic markel and a fall (increase) in py. If the fall in g, is large enough,

£y will fall as well, and the terms of trade will have worsened. It is clear that, especially

when cross eflects arve not zero, this is a plausible scenario for reasonable parameter values. -

Equation (10.a) and its simpiified version (10.b), can be thought of as sufficient, but not

necessary, conditions for the original Lewis result to obtain.

Let us now examine the effect of a change in the production coefficient of the traded

good, a;. This will leave income, measured in terms'of good 2, unchanged, hut will affect

the relative prices. The derivatives of the demand and supply for good 2 with resp

ap are:

ecl to

(1)
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98 _ b [_.QL 230, ]
oa,  * L £y (Lo e 4 P20 P (12)

Again the condition for p, to remain the same is that the change in 4, does not alter excess
supply, namely that:

- _If- f2,1 = %L (1 - &) + iig: €3,1 (13)
Back in Figure 1, if a; increases Ok rotates around 0 towards the horizontal axis this time,
implying that good 1 becomes cheaper relative o 2. Hence, if p% falls or remaing un-
changed, #% and the terms of trade will be unambiguously lower than before, When, how-
ever, fiy increases enough to offset the fall in the relative price of good I, ihe terms of trade
can actually improve for the home country. In that case the conclusion of “the Lewis
model about the negative eflect on the terms of trade of an increase in the productivity in
“Colfee” does not hold,
If we set again the cross effects equal 1o zero and iry to derive the conditions which
determine the behavior of excess supply in the domestic market when g increases, we get, .

not surprisingly:
eg] =1 (13.a)

Equation (13.a), when satsfied, implies that g, remains unchanged when «; increases, and,
Ly the same token, is a sullicient, but nol necessary, condition for the terms of trade to
warsen. When the price elasticity of the domestic demand for good 1 is so much higher
than unity that the excess demand created in the domestic market oflsets the effect of the
lalling relative price of good 1, the terms of trade can actually improve for the home
counltry,

Finally, we will examine the effect of an increase in total labor force, L. 1'he deriva-

tives of the domestic demand and supply functions are:

_%% - azﬁ%na (14)
D5 ( - P PPy ) 15
TR 1 i 1y boFs, 1y (15}

Using the lenuna esiablished above, we see that:

aDy _ 05
BL a.’_u
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in all cases, namely an increase in the home labor force leaves the domestic excess supply
and, consequently, * unchanged. Hence, since the ratio of production coeflicients does
not change, % and the tevms of trade and also unaflected. This cuteome mevely confirms
the initial intuition that changes in productive capacity do not have an effect on relative

prices.
V1. Summary and Conclusions

We developed a simple trade model, where the partners are characterized by an
asymmetric specialization pattern and, furthermore, the commonly produced good is
non-traded. Concentrating on the domestic market for the non-traded good turned out to
be a uselul approach, since it enabled us 1o give an intuitive geometric exposition to the
mechanics of equilibrium determination.The reader will certainly have noticed thaq this
represents an inversion of the approach usually taken in other models with n011~Lraded
goods, where equilibrium in the traded goods determines the price in the domestic marke ;
here, it is the domestic market which is analytically deminant and ties down the terms of
trade.

Using, in particular, the structure of the Lewis model, we showed that il we allow
“Food” to be non-traded, we have to part with the convenient generality of his com-
parative static results.. It is possible that an increase in the productivity in “Food’ {*Cof-
fee™) in the “South” actually worsens (improves) the terms of trade with the “North”.
Furthermore, in the special case where cross-eflects are zero or negligible, the condition for
this to happen is 2 high demand elasticity for the traded good in the “South”,

A simple intuitive argument behind this result can easily be sketched; we should keep
in mind, however, that enlightening as intuition is, it can never capture the complexity of
the comparative static mechanics. Let us examine the case of an increasc in the techno-
logical coellicient in the production of “Food”. When productivity in “Tood” inercases,
the relative price and the quantities of the goods produced in the “South” change auto-
majically, by virtue of the linear production pdssibility frontier. “Food” is now relatively
cheaper and mwore abundant, and “Coffee™ relatively more expensive. Their prices are
still tied together and bound to :changc in the same direction, but for every level of py
there is now a gy higher than before. This is the typical Lewis’ case. In our model, however,
this is not the end of the story. Since “Foad” is non-traded, its price is affccted by the
changes in supply and demand in the domestic market caused by the initial jump in pro-
ductivity. The change in the relative price implies that demand for “Food” increases and

demand for “Coflee” falls, The latier causes resources to be reallocaled to the “Food”

H
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sector, and the supply of “Foed” (o inercase even more than the initial inevease wiggered
by higher productivity, If theqprice clastcity of “Collee® is very high, the higher price will
depress demand greatly, cause a considerable reallocation of labor to the other sector and
lead to an increase in the supply of “Food” significantly larger than ihe initial increase
in demand for “Food”. The resulling excess supply can then depress p, cnough, so thal the
ensuing fallin gy more than offsets the initial increase, and the terms of trade are worse
than before. The market forces, in other words, offset the initial impact of technological
change, Exactly the same line of reasoning applies, of course, in the case of an increase
in productivity in “Coflee”, which, under similar conditions, can lead lo an improvement
in the terms of (rade, ,

Finally, il should be noted that these results are important not only for analysis, From
a policy point of view, the “South” will find that the only way to improve the terms of
trade is 1o increase productivity in *Coflec”, if the domestic demand for it is very price
elastic and “Food™ is not traded. To put it differently, refraining from trade in *Food”
may turn out to be beneficial for the terms of trade given a high elastieily of demand [or
the traded good and a gap in relative produclivities in the commonly produced good

between “North” and “South’,

References

Findlay, R. (1984), “Growth and Development in Trade Maodels”, in: Jones, R, W. and Kenen,
. B, (cds.), Handbook of International Eeonomics, Llsevier Publishers, pp. 185-236,

Jones, R, W. (1974), “T'rade with Non-Traded Goods: 'The Anatomy of Inter-Connected Markeis”,
Economica, 41, pp. 121-138,

Komiya, R, (1967), “Non-Traded Goods and the Pure Theory of International Urade”, Infernational
Keonomic Review, v, 8, pp. 132152,

Lewis, W. A. (1954), “Economic Development with Unlimited Supplics of Labor”, Manchester Schoal
21, pp. 139-191. | .

Lewis, W. A, (1969), Aspects of Tropical Trade, Almavist and Wicksell,

Lewis, W, A, (1978), The New International Economic Order, Princeton University Press,

McDougall, LA, (1970), “Non-Traded Commadities and the Pure Theory of International Trade”,
in: McDougall, I. A, and Snape, R. ¥ (eds.}, Studies in International Beononiics, Monash Conference
Papers, North-Holland, pp. 157-192. .



