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Abstract

‘ ~‘<:§his paper ekaminés the treatment of exports and imports, i.e.
external closure rules adopted in recent single-country general equilibrium
models of small economies. The paper presents the simplest one-sector

analytic version corresponding to the multi-sector counterpart in applied
models. The paper derives graphical and algebraic solutions to the model and
shows that, unlike earlier external.closures, this one gives rise to a well-
behaved price-taking economy. The model is also useful to illustrate the role

of elasticities in popular trade-theoretic models including traded and non-
traded goods.:]




1. Introduction

In recent years, two classes of computable- general equilibrium (CGE)

trade models'have been used to investigate external sector policies: single-
country and multi-country trade models. The multi -country trade models (e.g.
Deardorff and Stern (1981) and Whalley (1985)) have typically been concerned

_ With resource allocation and welfare implications of tariff reductions such as
those of the Tokyo round. The single-country models have been used to analyze
a variety of external sector issues ranging from the impact of restrictions on
foreign trade (e.g. tariffs and QRs, with or w1thout rent seeking) to the |
impact of changes in net foreign transfers or world prices on the equilibrium
real exchange rate. 1/ |

For both types of models, the results from policy simulations depend

on how export and 1mport behaV1or are modelled. 1In a recent paper, Whalley
and Yeung (1984) -- henceforth WY -- examine this 1ssue for s1ngle country

models using the term "external closure" to refer to the various assumptlons

about_efgort demand and import supply behavmr° After noting that most
applied models are quite disaggregated and separate traded and non-traded
goods, they.review external closure rules in single-country models and.choose
a simple two commodity (import and export) formulation with no non-traded
commodity to.show that in these models, ".;l there is no currency exchange
rate in the conventional use of the term as a financial magnitude determined
. from flnan01al sector act1v1ty " 2/
Whalley and Yeung also show that the imposition of a zero trade

balance condition in a two-good CGE model that incorporates product differen-

tiation (i.e. the Armington assumption) with price-taking behavior for imports

along with a downward-sloping foreign export demand curve with constant
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elasticity yields a model in which both domestic and foreign offer curves lie

on top of one another. 3/

Because these assumptions imply that the foreign offer curve is of

opposite Shape to that conventionally drawn, WY abandon this model and propose
an extefhalvclosupe uéinéba price taking formulation for all tradables along
with non-tradables. Tﬁey show that in this formulation, unlike the two good
case; there is aﬁ_exchange ratevVariable -- or "parameter," as they call it --
that measures the relative priee between composites of traded and non-traded
goods. They shew that,'ih this model, the foreign offer curve is a straight
line, while‘the domestic offer curve has some elasticity (thereby following
"more closely conventional trade theory). However, they feel that this price
taking assumptien willbbe unpalatable in empirical models of large
countries. " More genefeliy, they note Ehat this model will not allow two-way
trade, or cross hauling,‘whlch is widely observed in trade statistics at the
aggregatlons used in all CGE models and so is not a de51rable
- spec1flcat10n. | |

Several-points'ebouﬁ thé WY analysis deserve comment. FirSt the
role of the exchange rate in computable general equlllbrlum models has
received attentlon for some tlme and we can find no case in whlch modelers
vinterpret it as a "flnancial varlable " 4/ Second the two—good model w1th
both goods traded that WY use in their flrst dlscu5510n of external-sector
closure does not represent well any of the applied CGE trade models, which
invarlably include some non-traded goods. 5/ Third, an external closure using
a price-taking formulation for all tradables in a model with perfect sub-
stitution Qill be unpaletable for stronger reasons than those mentiened by

WY. If the price-taking formulation is not accompanied by some product
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differentiation, the model.will generate extreme specialization whenever it is
subjected to a policy simulation such as reduction in tariffs. The assumption
of a downward-éloping foreign demand'curve while it will nelp“(but not fix)
the specialization problem, will lead to unreallstically strong terms—of-trade
effects that will dominate the welfare results of policy changes in 51ngle
country models. 6/ |

The essence of the external sector specification of most recent
single-country CGE trade models can be captured by a sinple one sector model

Wwith symmetric product'differentiation for imports and exports. This model

embodies (and extends) nell-understoodbresults from neoclassical trade theory .

and provides a compact statement of the external closures found in most
applied models. The model is also useful to illustrate the role of trade
elasticities in the Australian (oependentbeconomy) model with traded and non-

traded goods.

The remainder of the paper is organized as follows: In section 2 we

present the model ‘and use it in section 3 to_show‘how equilibrium is affected.”

v

by terms-of-trade shifts and by changes in net capital inflows, both common
experiments in single country models. The model is also useful -for

illustrating the role of elast1c1t1es in popular trade-theoretic models

including traded and non—traded goods. In Section 4, we derive an expression -

for the elasticity of the domestic offer curve in our modeliwith sjmmetric
product differentiation and set up a numerical example. The eipression and
the numerical example show the role of initial conditions (i.e.,openess to
trade) and of values of trade substitution elasticities in determining the
shape of the well;behaved domestic offer curve. We also illustrate the well-

known fact that -- once weights entering the relevant price indices are chosen
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-- the equilibrium value of the real exchange rate (defined as the relative
price of traded to non-traded goods) is indeed independent of ghe choice of

. numeraire.

2. A Small-Country Model with Differentiatéd Trade

For most countries, and éspeciélly for developing countries, it is
reosonable to assume that the couotry is "small" on world markets and cannot
affect its intérnational terms of trade. Howevor, it is also reasonable to
assume that the tradable sectors do not dominate the domesﬁic price system.
We present_below a simole analytic model which oaptures these stylized facts
and discuss its theoretical structure. |

‘Make the following assumptiong: .(1) domesticolly produced and
imported goods are 1mperfect substitutes -- thé Armington.assumpﬁion;

(2) domestically produced goods sold on the domestlc market are imperfect
substitutes for goods sold on the export market; (3) the economy can purchase
- or sell unlimited quantltltes of imports and exports at constant world prices
T e the small country assumptlon' (u) aggregate productlon 1s flxed and ’

(5) there is a balance of trade constraint.

2.1 Model Equatlons S

In Table 1, equatlons 1 and 2 glve the trade aggregatlonrfdnctlons.
Invapplled models, and in the numerlcal example of Section L, equation 1 is a
CES»function, following Armington, and equation 2 is a CET (constant
elasticity of transformation function. 7/ For the analysis here, we only
require that F(-) be convex to the origin, that G(- ) be concave, and that both
be homogenous of degree one in their arguments. Given the assumption of fixed

output, which is equivalent to assuming full employment, G(-) represents a
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production possibility frontier delineating the tradeoffs between exports and

. domestic supply.

Equations (3) and (4) translate foreign prices into domestic prices

using a conversion factor, r,'which we refer to as the "nominal" exchange
rate. It should be clear, but is worth repeating (as has been pbinted out by
DMR and WY) that this cbnversion factor, r, is not a financial exchange rate
variable. Though often referred to as "the" exchange rate, we refer to it as
the "nominal" exchange rate so as not to confuse it with the real exchange
réte -- the relative price of the domestic good in tepms of the (fixed) traded
gpods -- which is determined by the model. Indeed, the model could be written
without reference to r -- as is common in trade tﬁeory -- by implicitly
choosing it as numeraire. (This is indeed what we do below in Section 2.2.)
However since we wish to'considér alternative choices of the numeraire we
maintain r in our formulation. 8/

We assume that producers maximize profits and that demanders minimize

-

& B o : : .. Vd
the cost of purchasing a given quantity of composite good Q. 9/ These e

- assumptions lead to equations 5 to 8. Equations 5 and 6 define composite good

.l»pqices and are ‘effectively dual_cost functioné. They are'homogeneous of
Fdegree one'in input prices. Equations 7 énd 8 give the demandvfor imports and

. supply of expérts arising from the first-order cdnditions. A

Since only reiabive pricésﬁmatter, the fﬁnctions describing the model -

are homogeneous of degree 2ero in prices.‘ To set the'absolute pfice level,

~ select r as numeraire. Equation 9 gives the equilibrium condition for the
balance of trade; that in foreign units (expressed in terms of the numeraire)
the value of imports equal the value of exports plus B. Finally, equation 10

is the equilibrium condition for the supply and demand for the domestic
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Table 1 -

" A One Sector Small-Country Model with Differentiated Trade

(1) - Q = F(M,D) | . Import aggregation function
(2) X = G(E,D) - » Export transformation function
(3) pm'= r impoft price
1) p€=r 3¢ .Export price
(5) p? = f1(pm,pd) Consumer price
(6) _px = g1(pe,pd) ' Producer price
(7) gd = f2(pm,pd) : Import demand equation
(8) E;'= gz(pe,pd) o Expért supply equation
(9) M- E:=B _ Balance of trade cons;raint_
(10) pd - pS -0 ‘ Domestic demand - supply
' equilibrium
where:
- M,E = impérts, éxports
D?,DS =._ ‘demand and SUppiy of the_domestic.good.
Q | = .V cdmpqsite cbnsumer good |
X = compq#ite production
;.;m = | world price'of iﬁpor;s
™ = world price of exborts
r | = Conversion factof; "nominal" exchange rate
p™ = domestic price of imports, M
p® = domestic price of exports, E
pd = domestic price of domestic sales, D
pd = domestic price of composite consumer good, Q
p* = domestic price of composite output, X
B % exogehous balance of trade, or net foreign capital inflow (or

outflow for negative B).
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good. Overall the model has 10 equatlons and 10 endogenous variables: Q, M,
pd, oS, E, P™, p®, P9, P9, and PX. The homogenelty of equatlons 1 and 2 ~
guarantee that the system satisfies Walras' Law. This can be easily seen by
writing out ohe aggregate income and expenditure equations:

P*X + rB ' total income

P*X = P°€ + P9D the value of production or GDP
} PqQ = P™M + PdD Total expenditure or absorption

Given the balance of Erade constraint, equatioocé;:io‘}ollows'thattincome
always equals expenditure;_ The variable, §, in eouatioe 9, denominated in
foreign units, can be thought of as represeetingvan increase (or decrease) in
real income measured in terms of imports, givee the fixed world dollar price -

of imports.

2.2. A Grapﬁical Presentation

ThlS model is simple enough so that its propertles can be shown

graphlcally Figure 1 presents a four-quadrant dlagram that captures the
“essential features.f For convenience, choose. unlts so that the exogenous world
prlces for both exports and imports equal one.A Also set r as numeralre, and
initially assume B = 0. In this case, the balance of trade equatlon defines
the foreign offer curve and graphs as a‘45-degree line in_quadbant 1. The
production possibility frohtier, PP, (equation 2) is grephed in quadrant 4.
Quadrant 3 has a U45-degree line which simply inoicates that domesticAgoods,~D,

which are supplied to the domestic market, are_available for demand, defining

equilibrium in the domestic goods market. The concave curve, CC, in quadrant



Figure 1

own coum can | e e comy wwes -~ o



-9.-

2 is the consumption possibility frontier, which is the locus of points.that
simultaneously satisfy the balance of trade constraint in quadrant 1 and the
"production p0551b111ty frontier in quadrant 4. Given our ch01ce of units and

~ the assumptlon that ‘the balance of trade equals zero, the consumption
possibilitj fnontier in quadrant Z_js.a mirror image of the production
p.c;ssib'ility"f‘r.‘ontier;, PP in quadrant N,

In quadrant 2, the import aggregation function, equation 1, generates

- a series of "1so-good" curves, II, analogous to 1ndifference curves. 10/
Equ111br1um is achieved at the point of tangency with the consumption
poss1b111ty frontier. At this point, the equilibrium. price ratlos, Pd/Pm and
,Pd/Pe, equal the_slope of the tangents in quadrants 2 and Y4, and are derived
from the first-drder.conditiens in_equations 7 and 8. 11/ Given our choice of
units; the two ratids are‘equal' and the equilibrium'value of Pd is the \
equlllbrlum value of the relative price of non-tradables to tradables. Thus, -

selecting r as numeraire is convenient since it allows us to 1nterpret Pd as

the real exchangewrate. ' : - o : .

-

: Con51der the limlting "Rlcardlan" case correspondlng to an 1nf1nitely

elastic supply of exports. Then PP becomes a straight llne, which in turn

.implles a straight line consumptlon pOSSlblllty curve. The real exchange rate
is now fixed and as 'in a Ricardian world, is determlned by technology - Sub-
stltution p0331b111t1es in demand only determine the composition of productlon
for domestic and for export sales. 12/

Our graphical presentation can also be . used to consider the elosure
criticized by WY, namely a specification with product differentiation on the

import side and one in which foreign export demand is not infinite. In this

— -z
case the model would include an extra equation, E = e , Where >0 is the




- 10 -

Figure 2
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constant foreign démand elasticity and w° is now endogenous. Now the balance
.of trade constraint in quadrant'l bécbhes.é curve with declining slope, and

~ the new consﬁhbtion possibility frontier in quadrant 2 is inside the old
frontier. In this model with symmetric product differentiaﬁion on the import
and export sides, droppiﬁg the small country assumptibn does not give rise to

any of the problems suggested by WY.

3. Terms-of-Trade and Transfers: A Graphical Analysis

Is the one sector model with differentiated trade well behaved? We
examine two typical experiments conducted with single-country models: a

terms-of-trade shift and a change in foréign transfers.

3.1 Terms-of-Trade Change

Figure 2 shbws the effect on equilibrium of an improvement in the
terms-of-trade (TOT0 »_TOTi) correéponding to an increaseAin‘ne, dr® > 0;
.This terms-of-trade change shifts out the consumption possibility schedule to
C0C1. Will the eéohomy sqppiy a largeb volume of exports at this improved
terms-ofetréde?, As dfawn ih_figuré'2, this is,ndt £he caSe. The demand for
the domestic goqd increases, which in turn»imblies Ehét Ehe domestic affer
curve, FF, is iﬁeiastic. ,lgk;yﬁiso ﬁote thaﬁ the real éxchangé rate wiil
appreciate. Iﬁ the iimitihé'ﬁRicaEdién" case consiaered aﬁove, the reai
exchange appreciatibn will be equal fo the éhangé in the terms of trade,

i.e. dpd = dn°. We conclude that this external closure need not give rise to

the problems mentioned by WY.
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Figure 3
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3.2 An Increase in Foreign Transfers

Figure 3 shows the effect on equilibrium of an increase in foreign
transfers.‘ The effect of a transfer, Ew is an upward'parallel'shiftbof the -
external budget constrainﬁ to 0404 and the consumption possibility‘curve to’

CyC1-

Will the increase in transfer lead to a real exchangé rate appreciation
S ] .

as one uould'expect in a modél where the dbmesﬁic good is consumed? Yes, if
the domestic goods is not inferior in consumption, which is the case drawn in
figure 3 and is guaranteed for the CES function used in practice. Domestic
consumption of D increases, exports fall, aﬁd imports rise.

The'graphicai apbaratus devéloped here één also bé used to examine
the -effects of-a‘chahge in commercial‘policy._ This is not done here since it
does not lead to any new insights about the properties of the external closure
under review. We conclude that the specified external closure gi&es rise to.a
well-defined real exchénge rate whbse variations to policy changes is in
accord with the usual assumptions of neoclassiéal tfade‘theory for small
economies. = The assumption of product différentiation thus leads to a mﬁch ;//

more realistic small-country model that can accommodate. two-way trade and a

degfee of autonomy in the domestic price system, but retains all the desirable

features of the standard neoclassical model.' We also note that, cbntfary to
_ thé'external closureé examined by WY, the external closure specified here
gives plausible and expected results to chahges in terms-of-trade and

transfers.

4, A Numerical Exzample

We conclude with a simple numerical example to show the influence of

different parameter values on computed equilibria for an increase in transfers
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and a terms-of-trade change. Assume, as in typical applications, that the
import aggfegation function is CES and the export transformation is CET. Then
where a bar denotes an exogenous variable and o and Q are elasticities of
substitution and transformation respectively. Following the calibration

common in CGE models, we construct parameters for the CES and CET functions to

equations (1) and (2) in Table 1 are given by:
. ‘ -1‘ ‘
51 (8M7° + (1-8)D7°) P ; : g =
i

LAC E? + (1-0) DM 5 | 2=l

(4.1) Q

1
1+p

(4.2) X

Where a bar denotes an exogenous variable and o and @ are elasticities of
substitution and transformation respectively. Following the calibration

common in CGE models, we construct parameters for the CES and CET functions to

Table 2
‘ ﬁase'Solution Vélues _ | _
‘Transfer (B)‘ Exports (E) Imports (M) - Domestic Démand (D) GDP (X)
BT - B R I 1.

produce the initial equilibrium formulated in table 2 such that all prices are

=m -e

unity i.e. @ =7 =r =P m

=P" =P =1 14/
Table 3 shows the effects on the welfare indicator, Q, (Col. 3) and
on the real exchange rate (Col. 4) of setting transfers equal to 10 -- i.e. to

10% of initial GDP -- under different values of the elasticities of substi-

tution and of transformation. Note that, in the limit, the increase in
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welfare is equal to the bransfgr ibself. This is whénvthe marginal rate of
transforﬁation of prédﬁction.beﬁﬁeén Saléé.totthe.doﬁestié and exbort‘markets
is infinite, i.e. in bﬁe.Ricafdiéh §é$é ﬁéntioﬁed above. As expected, the
required real ekchange raﬁe'édjuStmént.tohébSorb the transfer is an increasing

function of the curvaturefdf the CES and CET functions.

Table 3

Welfare and Real Exchange Rate Calculationé for an Increase in Transfers a/

¢ &/ q¢ Q- r'/pd o r/pt

(2) N € (6)

106.9 .38 o | 45
108.7 .68 .15 L7
'»109.6j‘ 91 ‘. .93
09.9 .96 . 9T
110.0 - 1000 1C

~a/
b/
e/

Transfer (B) set equal to 10. = B
Elasticity of substitution in CES (eg.1, table 1 and eq.4.1).
Elasticity of transformation in CET (eq.2, table 2 and eq.4.2).

In this example the numeraire is pq = );'Had we selected another
numeraire -- a typical one in CGE appLications'is to fix the value of the GDP
deflator with base year quantity weights i.e. to set pX = 1 -- then the

equilibrium values of the "nominal" exchange rate (or conversion factor) in
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column 5 would have been replaced by the values appearlng in column 6.
leewise, with pd = 1 as numeraire, the equilibrium values for the "nominal"
exchange rate would havevbeen given by‘the values in column 4. ‘And,

with r é 1 as numeraire, the equilibrium value of pd

appearing in column h,
‘would have corresponded to the equilibrium value of the real exchange rate. |
Regardless of ﬁhe ehoice of numéraire, the equilibrium values of the relative
price indices appearing in columns 4 and 6 of table 3 would have remained
unaltered. |

In thls one sector model there is no ambiguity with respect to the
appropriate definition of the real exchange rate, r/p In applied work,
however, two problems arise. In multi-sector CGE applications, a choice must
’be made with respect to the weights entering the aggregaﬁor for the domestic
price index. Even though the choiee of weights will affect the computed
values for the equilibrium real exchange rate, the eqﬁilibrating mechanism
working througﬁ changes in the real exchange rate is the same, no maﬁter whaﬁ
price is chosen as numeraire. | |

The other problem relates to the choice of weights used to proxy the )
domestic price index in~eomputations of reai exchange rete indices.
Typically; the domestic price index is proxied by some published price ihdex
. such as the CPI indek or the GDP deflator. As shown by'the.values in the last
two columns of Table 3, when values of o end Q are low, the choice of proxy
for the domestic price index makes a great deal of difference in the computed
value of the real exchange rate. For example with o s = 0.5, the real
exchange rate index with CPI (or GDP) weights used as proxy has a value of .75

(.74) whereas the correct value is .68.
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-Figuré A Offer Curve Elashcn‘y
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Finally we come to the shape of the offer curve. It can be shown

that the elasticity of the offer cufve, eoc, is given by the following

expression: i§/

oc . a (og+9) +‘lo (o+1)
(4.3) e~ = 2 (1=o)

From expression (4.3) it is clear that the offer curve will be

oc

vertical (509: w) for ¢ = 1, positively sloping (e > 1) for o> 1 and

negatively sloping (¢°© < 0) for o ¢ 1. Since the'elésticity of the foreign

offer curve is unity throughout, it is evident that the domestic and foreign
offer curves do not lie on top of one another in this external closure rule.
Furthermore, for given'values éf Q, ¢ monbtonically decreaées for
Vincreasing-véluesrof '& (with discontinuitf at ¢ = 1). For giveh values of

!,'

g, the curvature of the offer curve is less (e°C is lower), the higher is *
~the vélue of Q. Finally, for given values of‘ g and Q, ‘ﬁhe‘vélue of ¢°¢ is
larger, the more open.thé economy is. 1§/
Figure 4(a) and U4(b) trace the elasticity of the domestic offer curve
- for different.values of .o,_a z 1. Negaﬁive'values of ¢°°¢ cbrrespond to a
backward bending offer cufvef/fin this case the income effect of an improve- .

ment in the terms of trade dominates the substitution effect and less exports

are supplied. Negative values of ¢ imply that the real exchange rate must
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'

appreciate to insure a greater supply to the domestic market (this is the éase
drawn in Figure 2). Raising.the elasticity of export supply lowers the offer
curve elastiéi£y which in the limit is ‘unity. This result follows directly
from the relation between the two elasticities along the extefnallbudget con-
straint. Increasing the degree of openess raises the offer curve elasticity,

- a result also found in standard trade-theoretié models.

Finally Figure 5 traces the equilibrium values obtained from sélving
the model with the initial conditions in Table 2 under a high and a low set of
trade substitution elasticities. FigureVS drawsvthe equilibrium values.of the
weifare indicator, the reai exchange rate and the import share in absorption
' f&r different values of the terms—ontrade. (The.arrows indicate the path of
the vafiables as the terms-of-trade improves.) As expected, welfare gains --
measured hefe in terms of absorpfipn, Q -- are.larger for the higﬁér set of
trade substitution elasticities. (The higher gain attribuﬁable to greater
specialization'appears as a much larger variation in the share of imports in
absorption for the high value'of a.) 'Moyé impértantly, Figure 5 confirms thé’
critical role assumed by the value of o in determining whether the real

exchange rate will appreciate or depreciate when the terms-of-trade varies.

5. .Conclusions

| In this paper we haveﬂstudied systematibally the typical external
closure 6f many singleécounﬁéy appliedvgeneral equilibrium trade models. We
have shown that the standard assumption of product differentiation on the
import side can be naturally extended to tﬁe export side. An external closure
with symmetric product differentiatioh for imports and exports is theoretic-

ally well-behéved and gi&es rise to normally shaped offer curves. We derive
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the elasticity.of tﬁe domestic offer curve>for.a one sector model and illu-
stratg the model with a numerical example. The numerical example illustrates,
under different trade substitﬁtion elas%icities, the implications of the
choice of wéights.used to proxy the domeétic price index in,computatiohs of
real exchange rate indices. The modél is'aléo useful to‘illustréte the role
of foreigh trade elasticities in the popular Australian mpdei wiﬁh tradea and
non-tfaded goaods. - Innparticular, we show the crucial role of tréde substi-
tution élasticities»on the import side in detérmining the direction of change

of the real exchange rate for terms-of-trade perturbations.
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Derivation of Equilibrium Condi
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Appendix

tions in Figure 1.

To show that in equilibrium the
equal to the MRT in production

-(2) and (9) by settlng the foll

Maximize:
(A1) L =Q -xx[x - G(E,D)] -Ab
The first-order conditions are

—-—-a—Q— ig.'.
(82) 3p=3p * Ml5p! = ©

3) L&=2 4[] -

(ay) &L A, [%% - AT =0

3E
From (A4)
(A5) /T

b~ x aE
Substitute (A5) into (A3):

Q _ -m, 26
(A6) -7 lx BE’

Divide (A6) into (A2) to get:

(a7) 29/2D _ 7% aG/aD
3Q/aM ~ =m T 3E/3E

e =m

MRS in consumption in quadrant (2) is
in quadrant (4), maximize (1) subJect to
owing Lagranglan.

(B - ™ + 7°E]

Choose units so that 7w = 7 = 1. This establishes the condition asserted in
the text, i.e. ’
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(gy 2720 _ p/p? _ acsap | _plso"
. 3Q/aM - pm/pq - 3G/3E pe/px

2. Derivation of ElaSticity of Offer Curve (Equation 4.3) 17/

We proceed in two steps. EirstIWe derive the relation between M and
E when MRS = MRT. ~In the second step we bring in the balance of trade
constraint.

From (4.2) note Ehat the CET defines a relation between E and D, i.e.
o o .
Xh _ a Eh]ﬁ
(1-0)52 (1-a)

(89) D (E,X) = |

Using (A9) in the FOC of the Lagrangian in (A1) we have:

L _3Q , -m
M-t T
al.  aQ 3D

(A10)

(a11)

(A12)

" The partial derivatives in (A12) are obtained from differentiation of (4.1),

.(H.Z) and (A9). |
R s ()
(A13) = éﬁ1 (M + (1-g)p7P) ° (o)
v A - =(1+p) :
) B ey By (P e (1-pp?) P plerD)

(A15)
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Substitution of (A13), (A14) and (A15) into (A12) yields, after manipulation,

the following;

- -m =1 -h p+h _ h-1
(a16) M= (= ali=8) y o+l X a_ gh | (exDn 7 o+

.;e (1-a)8 ﬁg(1-u) " (1-a)

Which gives the relation between M and E when MRS = MRT.
" The second step involves taking into account the balance of trade

constraint,
(A17) E=—M

Substituting (A16) into (A17) and rearranging gives the réquired equilibrium

relation between E and M:

2+1

{a+ (-a) [< ’°<?§'a§2> @ ] aroy” T

le

(A18) E =

=]

2
To get an expresSion for the elasticity of the offer curve,

09, note that the following hold along an offer curve:

\

oc _ _1 .- .S d _ _
| (A19) . g = s + 1 N em = =1 y
x .
where

o _dlogM . d__dlogM , s_ _dlogE
“dlogE ' "m~ N =e
' (d log 3) . (d log )

m . o L)

Log differentiate (A18) to get‘an expression for ez. Manipulation eventually

yields:
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a(1+Q) (1-0)(1+0Q)
s _ __-a(1-a)(1-g)y ¢ (1_‘{) f+o
°x ° Q+1 -m
e (1-6)y o19+a
(a+ﬂ){a+(1-a)[(%a) Y ] }
: p ‘

By choice of units let #° = 7" =1. Then (A20) simplifies to

s -Q(1-a))
(A21) €x (a+2) (a+d)

where

o(1+9’

A= (1-a) v (2+0)

Substitution of (A21) into'(A19)>yie1ds equation (4.3) in the text.
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Footnotes

Dervis, de Melo and Robinson (19825 -- henceforth DMR -- review the
theoretical specification of single country trade models and present a -
number of applications analyzing the types of issues mentioned above.

Whalley and Yeung (1984), p. 126.

WY also note that because export and import demand elasticities are not
independent, the reduced forms for the export and import demand functions
differ from the specification intended. Although econometricians do not
typically incorporate the restrictions implied by the trade balance when
they estimate export demand and import supply elastlcltlés, the point that
trade balance restrictions should be recognized in specifying combinations
of export demand and import supply elasticities is correct and nicely
made. For a general treatment in the n-commodity case see Jones and
Berglas (1977). »

See for instance DMR chp. 6, sections 2 and 3.

WY do con51der in equatlons (22-25) a formulation with. one domestic good
but only for an exchange economy. As argued below, this formulation is
not a 51mp11f1ed representatlon of a typlcal 31ngle country CGE trade
model.

See DMR ch. 6 for a discussion of specialization and ch. 7 for an
alternative specification for export behavior. The importance of terms-
of-trade effects with constant forelgn export demand is shown in

chapter 9. ' :

The CET formulation was first suggested by Powell and Gruen (1969).

Though more elegant and easier to work with than the logistic supply curve
proposed by DMR, it can be shown that, for a suitable parametrization, the
specifications are identical for local changes around equilibrium.

De Melo and Robinson (1985) explore analytically in a partial equilibrium
context, the implications of product dlfferentlatlon on the domestlc price
system. :

It is for this reason that referring to r as "the" exchange rate is often
confusing. However, under appropriate numeraire selection, r becomes the
real exchange rate, in which case it should be referred to as such.

- In fact, for the analysis here, we could assume that equation 1 is a
utility function which consumers seek to maximize.

If we replace equation 1 with an explicit utility function, the "iso-
goods" can be interpreted as indifference curves. Nothing changes in the
analysis.

»
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Thls result can be derlved from the max1m12at10n of (1) subject to (2) and
(9) and is derlved 1n an appendix available from the authors upon
request. :

This is the case that:would correspond most closely to the two-commodity
external closure examined by WY in section 4 of their paper (eqs. 22-
25). However, even in this case, the domestic offer curve need not lie on
top of the (straight line) forelgn offer curve. To see this consider a
small increase in LA dne. In this case de = dn°. Suppose for example,
that the increase in the demand for D due to the income effect associated
with the improvement in the terms-of-trade just offsets the substitution
effect raising the demand for M. This is the case corresponding to a
Cobb-Douglas Aggregation function for equation (1). Then the domestic
demand for D is unchanged and the domestic offer curve is vertical. This
result is derived in the appendix and used in section U4.

As shown in Figure Y4, the shape of the domestic offer curve depends on the
two substltutlon elastlcltles and on trade shares. .

14 - The numeraire is P4 = 1 and the solution is found by solving the

maximization problem set in the appendix using the GAMS package developed
by Arne Drud and Alex Merraus.

This result is derived in the appendix with oz = 1 by choice of
units.

Openess is defined in the sense of high initial trade (E/D, M/D) shares.

We thank David Wells for suggestlng the approach followed in this
derivation. ¢
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