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Summary

This paper uses an intertemporal optimizing general equilibrium
model of a small open economy to address two related questions in inter-
national macroeconomics. First, how do terms of trade shocks affect the
real exchange rate? Second, in a model with nontraded goods, how do
terms of trade changes affect the current account? We consider explic-
itly (and draw clear distinctions among) temporary current, anticipated
future, and permanent changes in the terms of trade. The analysis deals
with the effects of exogenous changes in the world terms of trade as
well as with the effects of commercial policies (e.g., tariffs) which
alter the internal terms of trade faced by domestic agents. We develop
our results both in terms of simple, familiar diagrams, as well as
analytically.

The main results of the paper suggest that the response of the
trade balance to a given disturbance in the terms of trade--the so-
called Harberger-Laursen—-Metzler effect--may be quite sensitive to
whether or not the model incorporates nontraded goods. The paper shows
that if the negative welfare effect is sufficiently large relative to
the intertemporal substitution effect, a temporary current deterioration
in the terms of trade worsens the trade balance, holding constant the
path of the real exchange rate. Similarly, if the negative welfare
effect is sufficiently large, an anticipated future deterioration in the
terms of trade improves the trade balance, holding constant the path of
the real exchange rate. Once the adjustment in the equilibrium real
exchange rate 1s taken into account, however, both of these results may
be reversed. In other words, a temporary current (anticipated future)
deterioration in the terms of trade may actually improve (worsen) the
Initial trade balance position.

Further, the paper shows that the imposition of a (small) temporary
current tariff (from an initial undistorted equilibrium) necessarily
improves the current period trade balance, holding constant the real
exchange rate. Similarily, if the real exchange rate is held constant,
an anticipated future tariff always worsens the current period trade
balance. However, both of these results may be reversed once the
adjustment in the equilibrium real exchange rate is taken into account.
The fundamental reason for the reversal is that the path of the real
exchange rate is a key determinant of the real (consumption-based) rate
of interest, and hence of real spending and the current account balance,

Finally, a permanent deterioration in the terms of trade always
improves the trade balance if initially there is a deficit and the real
exchange rate 1s assumed to be fixed. However, if the permanent dete-
rioration in the terms of trade causes a real depreciation, a further
worsening of the initial trade deficit position may result., As a conse-
quence, the real exchange rate is an important variable through which
terms of trade shocks are transmitted to the current account.






I. Introduction

This paper uses an intertemporal optimizing general equilibrium
model of a small open economy to address two related questions in the
area of international macroeconomics. First, how do terms of trade
shocks affect the real exchange rate? Second, in a model with nontraded
goods, how do terms of trade changes affect the current account? We
consider explicitly (and draw clear distinctions among) temporary cur-
rent terms of trade changes, anticipated future changes, and permanent
changes in the terms of trade. We develop our results both in terms of
simple, familiar diagrams, as well as analytically.

In order to analyze these questions, it 1s necessary to extend the
traditional two tradable good (importable and exportable) intertemporal
optimizing model of a small open economy to allow for a home goods
sector. The advantage of incorporating a nontraded good into the set-up
1s that it becomes possible to examine, within the context of a simple
optimizing framework, the determinants of the comovement between terms
of trade changes and real exchange rate changes. This is useful for
several reasons,

First, at a theoretical level, the terms of trade (the relative
price of importables in terms of exportables) and the real exchange rate
(the inverse of the relative price of home goods in terms of a traded
good, either importables or exportables) are interesting variables in
their own right and identifying whether, on theoretical grounds, one
expects them to be positively or negatively correlated (as well as the
magnitude of the correlation) is a useful task. Second, any expenditure
switching policy which alters the internal terms of trade faced by
domestic producers and consumers will in general have a nonzero effect
on the real exchange rate which policymakers may wish to take into
account, This may be equally true of perceived future policies just as
much as current policies, and this is so even if the current
anticipation of future policies (e.g., an expected future tariff) or
exogenous disturbances proves to be false, 1/ Third, the results may
shed some light on empirical regularities in the comovement of the terms
of trade and the real exchange rate. Finally, as argued below, a poten-
tially important channel through which the terms of trade influence the
balance of trade is via the effect of terms of trade changes on the real
exchange rate.

The analysis of the effects of terms of trade changes on spending,
saving, and the current account has a long history in the open economy
literature, The early papers which include Harberger (1950) and Laursen
and Metzler (1950) were based on non-optimizing models. Their argument
was essentially that a deterioration in the terms of trade would lower
real income and hence reduce saving out of any given level of nominal

1/ In a recent paper, Edwards (1987) highlights the role of antici-
pated future import tariffs on today's cuwrrent account,




income, both measured in terms of exportables. If investment, fiscal
policies, and nominal income are fixed, the lower saving implies a
worsening in the country's current account position. Thus, the
Harberger-Laursen-Metzler effect states that a deterioration in the
terms of trade will cause a reduction in the current account surplus or
more generally, the terms of trade and current account balance will be
negatively correlated.

More recent work, which is based on more solid microeconomic
foundations, includes the contributions of Sachs (1981), Obstfeld
(1982), Svensson and Razin (1983), Stulz (1986), and Frenkel and Razin
(1987). These papers show clearly the importance of intertemporal
considerations underlying the response of the current account balance to
various shocks. The current account is inherently a forward-looking
variable (being the difference between saving and investment which are
both forward looking) and hence its response €0 a change in the terms of
trade will depend crucially on whether the disturbance is expected to be
transitory or permanent or whether it is expected to occur today or in
the future., Thus, by deriving the saving decision from the solution to
the intertemporal problem of allocating lifetime wealth to consumption
in various periods, these models show that the sign (and magnitude) of
the correlation between the terms of trade and the current account
balance need not be negative and depends critically on agents' expecta-
tions concerning the timing and duration of the disturbance to the terms
of trade.

One aspect which is ignored by all these papers--and which consti-
tutes the point of departure of the present one--concerns the role of
nontraded goods. The existence of a home goods sector turns out to
provide an additional and distinect channel through which terms of trade
changes affect the current account, namely through their impact on the
real exchange rate. More precisely, as shown in Svensson and Razin
(1983) and Frenkel and Razin (1987), a terms of trade change has a
direct effect (that is, an effect holding constant the time path of the
real exchange rate) on the consumption based trade balance because it
alters the excess of current GDP over aggregate spending, both measured
in real terms. In addition to its effect on the level of national
saving and spending, a terms of trade change also alters the composi-
tion of total spending among importables, exportables, and home goods,
In general, therefore, from an initial position of equilibrium in the
home goods sector, the real exchange rate will have to adjust. The
movement in the real exchange rate in turn affects the real trade
balance. This channel, operating through a change in the real exchange
rate, I refer to as the indirect effect of a terms of trade change on
the trade balance.

Traditionally, in discussions of the so-called Harberger-Laursen-
Metzler effect, only the direct influence of terms of trade changes on
aggregate spending is included. 1In what follows, I show that the
indirect effect may be of the same sign or of opposite sign to the ’
direct effect and may be small or large so that, a priori, there is no




reason to regard the direct effect as having either greater or less
significance than the indirect effect. In discussing the consequences
of terms of trade changes for a country's current account position, the
total effect, which is the sum of the direct and indirect influences,
should be considered. 1In order to do this, and in particular to gain
some insight into the indirect effect itself, we must consider the
question of how various shocks to the terms of trade--temporary or
permanent, present versus future, will alter a country's real exchange
rate,

To anticipate some of the conclusions, we show that for certain
parameter configurations, the total effect may be opposite in sign to
the direct effect so that in general, the response of the current
account to a change in the terms of trade is sensitive to whether or not
the model incorporates nontraded goods. This suggests that the real
exchange rate is potentially an important variable through which terms
of trade shocks are transmitted to the current account. For example, we
show that if the welfare effect is large relative to the intertemporal
substitution effect, a temporary current deterioration in the terms of
trade worsens the trade balance holding constant the real exchange rate,
but may improve the trade balance once the response of the real exchange
rate is taken into account. Further, we show that the imposition of a
temporary (small) tariff (from an initial undistorted equilibrium)
necessarily improves the trade balance (and similarly that an
anticipated future tariff always worsens the trade balance) holding
constant the real exchange rate but may worsen the trade balance (or
improve it in the case of an expected future tariff) once the real
exchange rate adjusts. Finally, a permanent deterioration in the terms
of trade always improves the trade balance if initially there is a
deficit and the real exchange rate is assumed to be fixed. However, if
the permanent deterioration in the terms of trade causes a real
depreciation, a further worsening of the initial trade deficit position
may result.

The rest of this paper is organized in the following manner. 1In
Section II, 1 briefly set out the analytical framework used for the
remainder of the paper. The model is similar to the one used in
Svensson and Razin (1983) and Frenkel and Razin (1987) except that it
allows for one of the goods to be nontraded. 1In addition, I review the
direct effect of a terms of trade change on the trade balance, that is
the effect holding the real exchange rate constant. In Section III, I
consider the effects of terms of trade shocks on the real exchange rate
and in Section IV, I use these results in order to determine the total
effect of a terms of trade change on the balance of trade. Section V
reviews the main results of the paper and presents possible
extensions. The paper concludes with a brief technical appendix.



II. The Analytical Framework

Consider a two period model of a small open economy in which there
are three goods: an importable, an exportable, and a nontradable good.
In this economy, there is a representative agent who maximizes utility
subject to the following budget constraints:

(1) eon * Pro®mo * PnoCno ¥ 1Ty 9By = Yu0 * PuoYmo * Pro¥no * Bo
(2) ey * PpiCmr * PpiCay * O (IT)By = Yogt PoyYoy Py Yy,
where ¢ £ and ¢ denote consumption levels of exportables,
1mporta§£ and nontradables, respectively; Y Y ., and Y denote

the endowments of exportables, importables, ané non%radablesnrespec—
tively; p and pnt denote the relative price of importables and
nontradables; B_, 'Is the level of initial debt (which may be positive or
negative); B, represents borrowing between periods zero and one (which
if negative, represents net lending) and r represents the rate of
interest (for borrowing and lending) between periods t-1 and t, t=0,1l.
The numeraire is chosen to be the exportable commodity so that all
assets and liabilities, as well as interest rates are measured in units
of the exportable. There is no loss of generality in this choice of
numeraire so long as there are no unanticipated relative price changes,
since in this case an interest parity relationship will prevaill between
alternative debt instruments denominated in terms of different commodi-
ties. In what follows, relative price changes will be assumed to be
fully anticipated.

The real exchange rate will, for the purposes of this paper, be
defined as the inverse of the relative price of nontraded goods in terms
of exportables, that is 1/p .. A rise inp denotes a real apprecia-
tion and a fall in Pht denotés a real depreclation.

In a model with three goods, there are in general two real exchange
rates, one in terms of exportables (1/p_,) and the other in terms of
importables (p ). So long as the rélative price of importables in
terms of expor%ables, p . in constant, the choice of either definition
of the real exchange ra@e is completely innocuous. This is not the case
when the shock being considered is a change in the commodity terms of
trade since, in this case, a change in p will obviously have different
effects on l/p and p /p In what follows, in considering the real
exchange rate ePfects of various shocks, we consider only the first
definition, namely the effect on the relative price of exportables in
terms of the home good, l/pn . Simple algebra is then required to
determine the effects of these shocks on the alternative definition of
the real exchange rate, p /p nt» OF on any weighted average of the two
definitions, such as the consumptlon based measure of the real exchange
rate.




Preferences are defined over the six goods CXO’

c ., C__,
Cx1' Om1’ and Cn1 and it will be assumed that the utingy fﬂgction is

weakly separable through time. Thus, lifetime utility U(ec
c .))

m1’ x0' “mo’ cnO)’ C1(Cx1’ Cm1* Sn1
where C_(.) and C. (.) are the subutilities which are functions of the
consumpgion levels of the three commodities in periods zero and one,
respectively. 1In addition, it will be assumed that the subutility
functions are themselves homothetic¢ so that, without any further loss of
generality, they may be taken to be linearly homogenous functions of the
consumption vector in each of the two periods.

x0’ °mo’ “no’

Ceqr © Cn1) may be written as U(CO(C

With these assumptions, the consumer may be viewed as solving a two
stage optimization problem. In the first stage, the consumer chooses
levels of ¢ ., ¢ ., and ¢ to minimize the cost of attaining subutility
level C_. %Be sgiution 0 this problem yields demands for the three
goods wﬁich are functions of the temporal relative prices, Pt and p_,,

and total spending in that period, PtCt, where Pt is the price of a unit

of subutility (or real spending), C the consumption based price

£ Pt’
index, is a function of the relative prices Pyt and pnt'

In the second stage, the consumer chooses real spending levels
C., C. tomaximize lifetime utility subject to an intertemporal wealth
constraint. Solving for B, in equations (1) and (2) and noting that

spending, PtCt’ equals Cot + pmtcmt + pntcnt’ it follows that the inter-

temporal constraint becomes:
(3) Po{Png PnoCo * 4P (P sPyy )G,

- YxO ¥ meYmO ¥ pnOYnO * axT[YXT ¥ pm1Ym1 ! pn1Yn1]

- (1+r )B =W
X .- -

where W_ 1s the value of lifetime wealth measured in terms of export-
ables. "We note that the intertemporal budget constraint of the repre-
sentative agent is identical to the condition that, over the lifetime of
this economy (namely during periods zero and one), the present value of
the sum of the current account balances equals zero. This condition
therefore reflects the assumption of perfect mobility of capital, that
is of unlimited borrowing and lending at the world rate of interest,
subject only to the economy's intertemporal solvency constraint given by



equation (3). 1/ Normalizing the budget constraint, (equation (3)), by

dividing by P., we have the intertemporal constraint relevant for the
second stage ¢f the consumer's problem, viz,:

where Uy = (Pl/PO)aX1 and wCO = wO/PO.

In equation (4), all variables are measured in real terms, that is in
terms of units of period zero subutility, C.. The solution to the
second stage problem yields demands for C. and C. as functions of the
intertemporal relative price, Uy and real 1ife%ime wealth, wco. 2/
Having outlined the basic model, we now review the effect of terms
of trade changes on the balance of trade, holding constant the relative
price of nontraded goods (the inverse of the real exchange rate) in
periods zero and one, Pro and pn1. This corresponds to what was labeled

earlier as the direct effect of a terms of trade shock and corresponds
to the analysis in Svennson and Razin (1983) and Frenkel and Razin
(1987). Following these authors, we define the consumption based trade
balance in period t (TAc)t as

(5) (TA), = (GDP) - C (a )

c1’ch
where

(6)  (GDP )y = T¥or * Poe¥me * Pre¥ned/Pe(Ppgs Poe)e t=20,1.

1/ In a forthcoming paper, I consider the effects of various terms of
trade shocks under the assumption that agents have limited access to the
international capital market.

2/ The consumption based discount factor, Q1o is related to the
(consumption based) real rate of interest in the usual manner, namely

Ap1 = (1+r,g) "1, The relationship between the real rate of interest
1+rxo

and the exogenous world rate of interest is given by Pog = ~7°°° -1.
P, /P
1770

Therefore a rise in Pg or a fall in Py raises the real rate of interest.




Consider the effect on the period zero trade balance of a temporary
current, anticipated future, and permanent change in the terms of trade.
Differentiating partially equation (5) yields the following expressions:

a(TAc)O
(7) Towp, 8ol (g ™Moo + (17Y)(mu ) + YolCg,
9(TA )
c’0
&) Froap = “Pmt" [Co=1) + . ]Cy,
m1
8(TAC)O
(9) alogpé— B [Bmo(“mo_“co) * BmO h (Bm0-8m1) v (d=a) - (1—Y)Bm0“mo
- YBm1“m1]C0'
where Bmt is the share of importables consumption in period t spending,
i.e., Bmt = pmtcmt/PtCt; Mot is the ratio of production to consumption
of importables in period t, a fraction ranging between zero and one
(umt = Ymt/omt); og is the ratio of current period real GDP to real
spending, i.e., Hog = (GDPC)O/CO; Y 1s the share of saving in wealth,
i.e., Y = ama/wcO and ¢ is the intertemporal elasticity of substitu-

tion. In the derivation of equations (7), (8), and (9), preferences are
assumned to be homothetic so that the elasticity of spending with respect
to lifetime wealth is unity.

For the derivation of equations (7), (8), and (9) and an explana-
tion thereof, the reader may consult the references cited previously or
the appendix at the end of this paper. The economics of these expres-
sions are postponed until Section IV, where a comparison of the direct
and total effects of terms of trade changes on the trade balance is
undertaken.

IIT. Terms of Trade Shocks and the Real Exchange Rate

In this section, we discuss the effects of various terms of trade
shocks on the real exchange rate, both in terms of familiar diagrams as
well as analytically. Before beginning the detailed discussion of the
‘ various mechanisms through which changes in the commodity terms of trade

alter the path of real exchange rates, it is worth mentioning three



broad channels which recur in the discussion: intratemporal substitu-
tion, intertemporal substitution, and welfare effects., We discuss each
of these issues in turn,

First, a change in the commodity terms of trade, whether brought
about by a change in the world relative price of importables or by
policy actions (such as a tariff) affecting the domestic price, leads to
substitution among goods within the period. Thus, for example, a
deterioration in the terms of trade in period zero leads to increased
consumption of exportables and hame goods in period zero if the three
goods are net (Hicksian) substitutes or decreased consumption if they
are net complements, all other things being held constant (including the
level of utility, or welfare). This is the intratemporal or simply
temporal substitution effect.

Second, if the rise in the relative price of importables is con-
fined to period zero, the real (consumption based) rate of interest also
rises. This is so because a temporary current deterioration in the

terms of trade (a rise in pmo) raises the consumption based price
, of cmo

10 is constant, since Pni and Pny are

assumed constant. Since the ratio P./P, rises, the relative price of
today's consumption in terms of tomorrow's goods has risen, This
induces substitution of aggregate spending from period zero to period
one, This rise in tomorrow's consumption and fall in today's consump-
tion, brought about by the change in the intertemporal relative price
and holding other factors constant, we refer to as the intertemporal
substitution effect. We note that the key parameter governing the
extent of intertemporal substitution is o, the intertemporal elasticity
of substitution 1/ (see equation (A.5) in the appendix).

index, P0 (by the share, B in total period zero spending),

mO
while tomorrow's price index, P

Third, in addition to these intratemporal and intertemporal
effects, a rise in p 0 reduces welfare. The magnitude of this welfare
effect (sometimes re?erred to somewhat loosely as a wealth effect in
what follows) depends on the volume of imports at initial terms of trade
(specifically on the parameter p_,, which indicates the ratio of produc-
tion to consumption of importablgs in period t, t=0, 1: if yp =1, we
are in the autarky equilibrium in period zero and changes in D do not
affect welfare; the volume of imports (relative to consumptionmof

1/ The possibility of substituting spending between periods, indepen-
dent of the time path of income, depends of course not only on o, a
parameter of the agent's utility function, but also on institutional
factors which govern the degree to which agents can borrow at a given
world rate of interest in international financial markets. If the
assumption of perfect capital mobility were relaxed, these other factors
would come into play.




importables), and hence the welfare effect, rise as Umo falls towards
zZero),

The determination of the effect of terms of trade shocks on the
relative price of home goods (the inverse of the real exchange rate)
simply involves using the market clearing conditions in the market for
nontradable goods in each of the two periods. These are:

(10) Yy = ¥ and

10 Pno’ Pmor Pofol®rr Yoo no

L) e Py Prys PiCylagys Wog)) = ¥,

There are three types of shock which may be considered in the
context of this simple model. A temporary current shock, an anticipated
future shock, and a permanent shock. 1In each of the three cases, the
equilibrium condition in both periods, equations (10) and (11), will be

disturbed since, although pmO (pm1) does not appear directly as an

argument in the demand for ¢ (cn ), real wealth, W and the real

ni 0 co’

discount factor, a appear in both equations (10) and (11) and from

c1’
equations (3) and (4), the budget constraint and normalized version

thereof, ch and L, are both functions of the four temporal relative

prices in the system, p and Ppq-

mQ’ pm1’ Pno’

Differentiating equations (10) and (11), we obtain:

(12) (n + 8 p o+ (n +B8 D +tn. a . +tW _ =Y |
nopnO n0 " no NyPug m0 "m0 CHo cl cO no

(13) (n +8 J)p_. *+ (n +B8 Jp,+n_ a,+W =Y _,
n1pn1 nl " ni NPy ml " mi c,a cl c0 ni

where n are the elasticities of demand for the nontradable

» N
PPt MtPnt
good with respect to its own price and the terms of trade respectively;
"e o is the elasticity of real spending Ct’ with respect to the discount

o1’ Bnt is the share of nontradable goods consumption in period

t spending, i.e., Bnt = pntcnt/P Ct; and a circumflex above a variable
denotes a proportional change. En the derivations of equations (12) and
(13), we assume unitary elasticities of consumption with respect to
spending and of total spending with respect to wealth.

factor, a
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The system of equations (12) and (13) can be solved to yield an
equilibrium path of the real exchange rate as a function of the underly-
ing shocks (to the terms of trade, to the world real discount factor,
and to supply). 1/ In what follows, we abstract from supply shocks and
shocks to the world interest rate 2/ and consider the equilibrium
response of pn and pm to various terms of trade shocks. For this
purpose, consx%er Figure 1. 3/ The NONO and N, N, schedules represent
the loci of combinations of p and p which clear the period zero and
period one markets for home godds, respectively. These schedules are
drawn for given values of the exogenous variables, Pmo and p .. For
convenience, it is assumed that initially, p = p .. Using equations
(12) and (13) along with the Slutsky decomposxtion? the slopes of the
two schedules are shown in the appendix to be

dlogpn1 8mOGnm ¥ 8xOan ¥ E‘nOY0
W Togp - 8, o and
no NONo ni
dlogpm (l-Y)BnOc
(15) =5 = v
dlngno N1N1 Bm1°nm ¥ Bx1°nx * Bn1(1 Yo

respectively, where ¢g,. is the Allen elasticity of substitution between
goods i and j. It is éasily verified that both schedules are positively
sloped and that the N N, schedule i3 necessarily steeper than the N,N

00 1
schedule. 4/

1/ Govermment spending shocks could be easily accomodated in our
framework as well. 1In the small country setting, changes in government
spending do not affect the terms of trade or world interest rates, but
they do alter the time path of the real exchange rate. There is, there-
fore, a decomposition of the effects of fiscal policy on the current
account into a direct (since changes in government spending directly
affect national saving) and indirect (since changes in government spend-
ing affect Pno and Pn1 which indirectly affect national savings) com-
ponent. This decomposition is analagous to the decomposition of the
Harberger-Laursen-Metzler effect into its direct and indirect parts.

2/ The effect of shocks to the world rate of interest on the current
account also have an interpretation in terms of direct and indirect
effects since they too alter equilibrium in the home goods markets and
thereby affect the path of the real exchange rate.

3/ This diagram has had extensive previous use (see, for instance,
Dornbusch (1980) and Edwards (1987)).

4/ Edwards (1987) uses notions of stability--completely external to
the model--in order to rank the two slopes. We show here that the model
itself has sufficient structure to enable the two slopes to be ranked.

+
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Figure 1

The Determination of the Time Path
of the Equilibrium Real Exchange Rate
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To gain some intuition into these results, consider a rise in Pno
from A to B in Figure 1. This creates excess supply for c, and excess
demand for ¢ .. In the period zero market, the excess supp?y comes

about via a Eémporal substitution effect away from home goods and in

o _*B 0
mO nm "x0 nx
substitution effect (B__Yo). In the period one market, however, the
excess demand results eXclusively from the intertemporal substitution
effect ((1—Y)Bn g), since P, is not an argument in the demand for
cn function. Qhese excess demands correspond to the numerators of
equations (14) and (15). 1/

favor of both tradable goods (B ) and an intertemporal

It is noteworthy that, in each ease, the intertemporal substitution
effects derive from changes in the consumption based rate of interest:
arisein P, raises the consumption based rate of interest which
induces subs%itution of aggregate spending (part of which falls on home
goods) from period zero to period one.

With excess supply for c and excess demand for c at point B, we
. . n . .
need a rise in p to clear both markets. This is so because a rise
in pnl lowers the consumption based rate of interest. This raises
demand for CnO by the amount Y8n10 (which appears in the denominator of

equation (14)) and reduces the demand for c¢ by B8 . (1-Y)o (which
ni

nt
appears in the denominator of equation (15)). In addition, there is a

m1°nm+8x1onx
demand for Ch (and raises demand for tradable goods). This temporal

substitution term, along with the intertemporal effect, appear in the

temporal substitution effect, B , Which also reduces the

denominator of equation (15). This argument establishes that both the

NONO and NlNl schedules are positively sloped.

We now must show that from point B in Figure 1, a larger rise in

p (to point D) is necessary to clear the period zero market than is
required to clear the period one market (to point C). To verify that
the NlN schedule is indeed steeper than the N N_. schedule, note that
the dlf%erence between the two slopes is given by

dlogpm dlogpm
e WogPg vy L8P |yn.
00 11

1/ It is relevant to note that there are no welfare effects arising
from movements along the NONO and N1N1 schedules, This follows from the
assumption that the home goods sector clears in each period.
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which is unambiguously positive. Tc¢ gain some intuition concerning this
result, consider a benchmark case in which the path of aggregate real
spending is flat over the 1life cycle, so that Y = 1-Y, (The result
holds in the general case as well, as equation (16) shows.)

In this case, the intuition is very clear. First, recall from the
previous analysis that at point B, the size of the disequilibrium in the
period zero market (the numerator of equation (14)) is larger than the
size of the disequilibrium in the period one market (given by the numer-
ator of equation (15)), the difference between the two consisting of the
temporal substitution effect. Second, recall that a rise in p
(which is needed to clear both markets) has a greater impact o% the
period one market (this effect is given by the denominator of equation
(15)) than on the period zero market (given by the expression in the
denominator of equation (14)), the difference being once again the
temporal substitution effect. Thus, at point B, the magnitude of the
disequilibrium in the period zero market exceeds the magnitude of the
disequilibrium in the period one market and, to eliminate a disequilib-
rium of given size requires a larger rise in p in the period zero
market than in the period one market. For botﬁ these reasons, the
NON0 schedule is steeper than the NlNl schedule.

Having discussed the diagrammatric apparatus, we now turn to the
analysis of terms of trade shocks. We discuss temporary current, antic-
ipated future, and permanent shocks to the terms of trade.

1. Temporary current terms of trade changes

Con51der a temporary current deterioration in the terms of trade,
i.e., D 10 > 0 and p ml - 0. The rise in the relative price of imports in

period zero affects both the N N_  and the N N. schedules. 1In the
appendix we show that the horizontal shifts of these loci are, respec-
tively:

1 dlogpnO ) - BmO[onm"{(l-Y)kl-umO) + Yo}l o
dlogpmo NONO -[smocnm+8x00nx+8nOY0]

8) dlogpnO ) ‘Bmo(l-Y)[o—(l—umo)]
dlogp, NN, B (LYo
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As usual, the numerators of equations (17) and (18) indicate the
magnitudes of the excess supply created by a proportional rise in p 0 in
the period zero and period one markets, respectively. The denomina@ors
indicate the magnitude by which a (proportional) change in p affects
excess demand for c or ¢_,. Accordingly, the denominator 1n equa-
tion (17) is negatige since a rise inp creates negative excess demand
for c, but the denominator in equationn918) is positive since a rise
inp creates positive excess demand for ¢ .., The mechanism in the
first case involves both temporal and intergémporal effects--and hence
temporal and intertemporal elasticities of substitution--whereas in the
second case, the only mechanism is the intertemporal substitution.

Consider now the numerators of equations (17) and (18). Turning
first to expression (17), it can be seen that whether the N N_ schedule

shifts to the right or to the left depends only on whether 0o

- z [(l-Y)(l-umO) + Yo]. The intuition of this result can be seen by
focusing on equation (10). There we see that a rise in pmO affects the

demand for c via three separate channels: (i) a temporal substitution

0

effect since me enters directly as an argument in the demand for Cno

function; (ii) the price index effect since a rise in Pmo raises the
consumption based price index, PO’ and hence raises the value of

spending P and (iii) the real spending effect since a rise in

o’

Py, alters both the real (consumption based) rate of interest and the

real value of wealth (see equations (3) and (4)) and hence affects the

demand for real spending in period zero, C.. We consider each of these
. 0

three effects in turn.

The size of the temporal substitution effect depends of course on
whether importables and nontradables are gross substitutes or gross
complements in demand. In the former case, a rise in p creates posi-

. Lo .
tive excess demand for o’ and conversely. The magnitude of this
effect simply depends on ghe elasticity of cno with respect to pmO which

can be shown to be equal to Bmo(onm-l) (by using the Slutsky decomposi-

tion). Obviously, the gross substitutability or complementarily of the
two goods is determined by whether 9m 2 1.

The price index effect is always positive., A percentage rise in
me raises PO’ the consumption based price index, by BmO’ the expendi-

ture share of importables in period zero spending. The rise in PO

raises total spending P (.) and, assuming a unitary elasticity of

OCO
demand with respect to total expenditure, creates an excess demand for

CnO equal to BmO times me'
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Further, the real spending effect is always negative, i.e., a
temporary current deterioration in the terms of trade always reduces
current period real spending. There are two channels at work here: a
real wealth effect and an intertemporal substitution effect. From the
budget constraint (egquation (3)), we see that a rise in pmo raises the

value of wealth (in terms of exportables) by the amount (1~-Y)B
that real wealth, W

mo¥mo but

c0’ m0"mo BmO
due to the increase in the price index, P., used to deflate wealth, W_.
Given the assumption of unitary spending élasticities with respect to
wealth, the real wealth effect lowers demand for CnO by the amount

(l-Y)BmOumo - Bmo' Second, the rise in Puo lowers the real discount

actually falls by the amount (1-Y)8

factor and this reduces the demand for CO by the product of BmO and the

elasticity of C. with respect to a which is simply Y(¢-1). Summing

0 c
these two effects, we obtain the real spending effect as

=B {{(1-Y)(1- ) + Yo}, which is unambiguously negative. This result
m : .mg s . :

accords with intuition since, in the case of a temporary current

deterioration in the terms of trade, real wealth falls, and the real

rate of interest rises. These two effects are mutually reinforcing as

they affect real spending, C.. The proportional effects on CO and cno

are the same given the assumption of homotheticity.

Finally, as is easily verified, the sum of the temporal substitu-
tion, price index, and real spending effects yields precisely the numer-
ator of the expression in equation (17). As can be seen from that
expression, if importables and home goods are net complements in demand
(Gnm < 0), the NONO schedule necessarily shifts to the left. If on the

other hand, om > 0, the temporal substitution effect is positive and
mitigates the other effects., The NN, schedule will shift to the right

00
if O m > [(l-Y)(l-umO) + YoJ] and conversely. Note further that the real

wealth effect plays no role if Mmo = 1, This is the case in which, at

the initial terms of trade, the small country is close to the autarky
equilibrium. In this case, only the relative magnitude of the temporal

and intertemporal (compensated) elasticities (i.e., whether % m 2 Yo)

determines the direction of the shift in the NONO schedule,

Consider now the market clearing condition in period one, equa-
tion (11). A rise inp 0 affects the demand for home goods next period
{(period one) only via tge real spending effect. 1In contrast to the
period zero equilibrium condition, there is neither a temporal substitu-
tion effect nor a price index effect. This result is due to the joint
assumption that preferences are weakly separable and homothetic.

Real spending in period one, C,, is influenced according to two .
. : 12 7 .
separate channels: the rise in pm0 raises the consumption based rate of
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interest which in turn raises the demand for c¢ (the intertemporal
substitution effect), while the negative real aealth effect lowers the
demand for ¢ .. Specifically, the intertemporal substitution effect is
equal to the product of the change in the consumption based discount
factor, - ., and the elasticity of period one real spending with
respect to the rate of interest, -[{(1-Y)o + Y]. The sum of this inter-
temporal substitution effect and the real wealth effect, given pre-

viously as Bmo[(l-Y)me—l], yields precisely the expression in the

numerator of equation (15). As can be seen, the real spending effect on
the demand for c¢ is ambigucus, reflecting a conflict between the
negative wealth and positive intertemporal substitution effects. If

Hoo = 1 so that, at the initial terms of trade the economy is close to
the autarky equilibrium, the N Nl schedule necessarily shifts to the
left. This is so because, in %he neighborhood of the autarky equi-
librium, the temporary terms of trade deterioration raises the demand

for ¢ through the intertemporal substitution channel alone; there is
no mitigating wealth effect.

In Figure 2, we depict graphically two possible equilibria. 1In
both panels, we assume that the terms of trade shock occurs around the
autarky equilibrium, that is u =1, In panel a, the temporal elas-
ticity is assumed to exceed the intertemporal elasticity. In this case,
the rise in me shifts the NON0 to the right., In panel b, the NON0
schedule shifts to the left, reflecting the assumption that o om < Yo.

Thus in panel b, the effect on the demand for cn of the rise in the
real rate of interest more than offsets the temporal substitution
effect. In both panels, the N.N. schedule shifts to the left., As can
be seen in panel a, the equili%r%um moves from point A to point B and a
temporary deterioration in the terms of trade necessarily leads to a
real appreciation in both periods. In panel (b), the equilibrium moves
from point A to point B' and there is a fall in p 0 and a rise in p ..
This result is, however, not general as experimen%xng with the figure
Wwill reveal. The analysis is therefore capable of generating a wide
range of paths for the real exchange rate in response toc a temporary
terms of trade shock. The phenomenon of equilibrium overshooting,
whereby the real exchange rate moves more in period zero than in period
one and which has been suggested by Edwards (1987) as a possible
response of the real exchange rate to the imposition of an anticipated
future tariff, can also occur in the case of a temporary current terms
of trade change (this case is illustrated in panel a). Finally, note
that although the shock is confined to period zero, part of the adjust-
ment in the real exchange rate occurs in period one when there is no
change in any '"fundamental."



In the appendix, we derive the following general result for the
equilibrium response of p (the inverse of today's real exchange rate)
to a temporary current deEerloratlon in the terms of trade 1/

dlogpnO

(19) ETSEE;B = [Gnm-{(l—Y)(l-umo) + Yo}]Al + [onm-(l-umo)]A2

where
AL = Bmo[smanm ¥ 8x1°nx] . _
1 18moonm x0 an[Bm1 nm x10nx+8n1(l—Y)°I+BnOY°[Bml°nm+Sx10nx]
A = BmO n1(l Y)o _ o
2 18mOonm x0 aner1 nm x1 nx n1(l_Y)UT:BnOYo[Bmlonm+Bxl°nx]

and A, 2 0, A, 2 0 by the negative semi~definiteness of the Slutsky
substitution matrix.

Thus, Wwe have the following propositions:

Proposition 1: The nature of the response of the real exchange rate to
a temporary current disturbance of the terms of trade depends on the
relative magnitudes of the temporal, intertemporal and welfare effects.
Specifically, a temporary current deterioration in the terms of trade
always causes a contemporaneous real depreciation if importables and
home goods are Hicksian complements. This is because in this case, all
three effects lead to a lower current demand for home goods. However,
if nontradables and importables are Hicksian substitutes, then there is
a conflict between the temporal substitution effect (which favors a
contemporaneous real appreciation) and the (net) intertemporal and
welfare effects which favor a real depreciation. 2/

Proposition la: Autarky

If the economy is initially close to the autarky equilibrium, then
the welfare effect is zero. It follows that the response of the real
exchange rate depends only on the relative magnitude of the temporal and
intertemporal effects,

It is relevant to note that the autarky case applies precisely to
the analysis of tariffs. Specifically, suppose that the government

1/ The result for p is given in the appendix.
2/ If o, > max {C1=v) (l—umo) + YoJ, (l—umo)}, a temporary current
terms of trade deterioration always causes a real appreciation.
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imposes a tariff (in period zero only and from an initial, zero tariff
equilibrium) and redistributes the revenue in a lump sum fashion. Then
the effect of the tariff on the real exchange rate is identical to the
effect of a temporary rise in the world relative price of importables,
in the neighborhood of the autarky equilibrium. The reason is of course
that both events have the same effect on the internal terms of trade of
this small country and neither has any welfare effect to first order.

Proposition 1b: Complete Specialization

If the economy is currently completely specialized in the produc-
tion of exportables and home goods, then the welfare loss associated
with the terms of trade deterioration is maximized. We can distinguish
three cases.

Case 1: Suppose preferences over lifetime spending are loga-
rithmic. 1In this case, the intertemporal elasticity of substitution is
equal to unity. Then, a temporary current deterioration in the terms of
trade causes a real appreciation if and only if importables and nontrad-
ables are gross substitutes. The intuition of this result is that
if g = 1, then the real interest rate elasticity of current period real
spending is equal to zero. Further, with u = 0, the welfare effect,
which is proportional to (minus) the ratio %9 imports to consumption of
importables, ~-(1-u O)’ is in this case proportional to (minus) one. Now
there 1s a real appreciation if and only if the temporal substitution
effect (which is proportional to o, the elasticity of substitution
between home goods and importables?mdominates the sum of the intertem-
poral and welfare effects. The former equals zero while the latter is
proportional to (minus) one. It follows that if ¢ m exceeds unity,
there is a real appreciation, and vice-versa. This is equivalent to the
criterion that there is a real appreciation if and only if nontradables
and importables are gross substitutes, Finally, it is relevant to note
that this criterion is the same as the condition given in Dornbusch
(1974), in the context of a static model, and it emerges as a special
case (namely when Hmo = 0 and ¢ = 1) in the intertemporal framework used
here,

Case 2: Suppose o < 1. Then a temporary current deterioration in
the terms of trade, which raises the real rate of interest, raises real
spending in period zero. The (gross) intertemporal substitution effect
therefore favors a real appreciation today. Therefore, in comparison to
the first case, there will be a real appreciation even if oom falls
short of unity by a margin, where the margin depends positively on the
difference between the intertemporal elasticity of substitution
parameter and unity.

Case 3: Suppose ¢ > 1. In this case, the intertemporal effect
lowers real spending in period zerc and therefore favors a real depreci-
ation. It follows that in comparison to the first case, there will be a
real appreciation only if o exceeds unity by a margin, where the
margin depends positively on the degree of intertemporal substitution.
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The three cases suggest that although a rise in Py
the real rate of lnEePeSC, this real interest rate cnange may have very

always raises

different effects on real spending and hence on the real exchange rate.
Whether a rise in the real rate of interest raises, lowers or leaves
current spending unchanged depends on whether the intertemporal

A bl AT E N AR £alla alvAnr
CidobLliCluy Ol buUDb.Lbu\.“LUH Iatid3 snor

unity.

2. An anticipated future terms of

- AF avroada ~Arm 1a amiinl A
L UL, CRLTTUS, Ul 1o ©udadl Lo

trade change

Consider now the effect of an anticipated future deterioration in

~

o) > 0 and p

the terms of trade on the path of the real exchange rate. Setting

= 0 in equations (12) and (13), and using the Slutsky

dgcomposition, Wwe can compute the horizontal shifts in the two equilib-

rium schedules, NONO and N1N1. These are
dlngno SmTY[O—(l-um1)]
(20) Teas =3 CCIRETIRT, and
gpm‘l NONO mounm x0 ' nx "nO
o) dlogpnO _ -Bm1[°nm_{(l_Y)°+Y(l—um1)}]
diogp,, N1N1 Bno(l-Y)o

Consider first equation (20).

A rise inp affects the period

zero equilibrium condition via two channels, By lowering the real
consumption based interest rate, the future deterioration in the terms
of trade causes substitution of aggregate spending (part of which falls

on nontraded goods) from period one

to period zeroc. The magnitude of

this effect is governed by the intertemporal elasticity of substitu-
tion, ¢, and is positive in terms of its impact on today's relative

price of home goods, p

On the other hand, the future deterioration
in the terms of trade Towers wealth.

The wealth effect lowers spending

in period zero, and hence reduces the demand for home goods today. The
magnitude of this effect, which is negative in terms of its impact on
today's relative price of home goods, is proporticnal to the ratio of

imports to consumption of importables in period one, (l1-p_.).

Overall,

the N N locus shifts to the right if the intertemporal substitution

effecg ou
versely. 1/

tweighs the wealth effect, that is if ¢ > (l—”m1)’ and con-

1/ We note that in comparison to

the effect of a current deteriora-

tion in the terms of trade, there is no temporal substitution or price
index effect in the case of an anticipated future disturbance.
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Consider now the N1N1 schedule. From equation (21), we see that an
anticipated future deterioration in the terms of trade affects
tomorrow's market for nontradable goods in a way which is analogous to
the effect of a current terms of trade shock on today's home goods
market. The only real difference arises from changes in the values of
the various elasticities over time, which are in turn functions of the
underlying parameters: the expenditure shares, the temporal and inter-
temporal elasticities of substitution, the average saving propensity,
and the ratio of imports to consumption of importables. Accordingly, we
see that a rise in p may induce substitution in favor of or against
home goods, c¢ 1 as a result of the temporal substitution effect. The
magnitude of ghis effect is of course governed by the temporal price
elasticity, 8 ,0 . If ¢ > 0, the goods are net substitutes and a

m1 nm m

rise in P creates excess demand for ¢ and conversely. In addition

ni’
to the temporal substitution effect, there is a negative effect on
aggregate real spending, C,, which tends to reduce the demand for c

This effect operates through two channels: a negative real wealth nt

effect, which equals -sle(l—pml) and a negative intertemporal
substitution effect, which equals -Bml(l-Y)o. The latter effect

reflects the fall in the real rate of interest due to the increase in
the price of importables which is expected in the future. Thus, the
overall shift in the N1N schedule reflects the sum of the temporal
substitution effect (which may be positive or negative) and the negative
real spending effect.

In Figure 3, we consider a benchmark case in which in period one,
the economy operates close to the autarky equilibrium, so that u is
close to unity. 1In this case, we can readily see that the rise in p 1
necessarily causes the N . N_. schedule to shift to the right. 1In paneTs a
and b, we consider two pd0ssibilities for the N N, schedule. 1In panel a,
the temporal elasticity of substitution is assumed to exceed the (abso-
lute value of the) compensated elasticity of period one real spending
with respect to the rate of interest. 1In that case, the rise in pm
causes excess demand for . and the N_N, schedule shifts to the le}t.
In panel b, we consider the opposite case in which O m < (1-Y)o.

In panel a, the equilibrium moves from point A to point B and the
real exchange rate necessarily appreciates today as well as tomorrow.
However, in general whether p rises more or less than p (it can do
either) depends on the relative magnitude of ¢ and ¢_ , the temporal and
intertemporal elasticities of substitution. Thus, as in the case of a
temporary current shock to the terms of trade, the real exchange rate
may either over- or undershoot its new long-run value. Furthermore, it
is noteworthy that even though no "fundamental” has changed in period
zero, part of the adjustment of the real exchange rate occurs in that
period.
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In panel b, the new equilibrium is at point B' at which p rises
and p falls, This result is, however, not general as experiménting
with gke diagrammatic apparatus will reveal.

Returning now to the general case (i.e., Mo * 1), we show in the

appendix that the equilibrium response of today's relative price of
nontraded goods to an anticipated future deterioration in the terms of
trade 1/ is given by:

dlogpno
22) g = d3lemCmug] + by Loy ],
where
A = Y3m1(8m1°nm+ex1°nx)
3 (Bmoonm+8x00nx)(Bm1°nm+6x1°nx+8n1(l-Y)°)+BnOY°<Bml°nm+Bxl°nx)
and A = TBn1Bn1 0
4 (Bmoonm+6x00nx)(8m1°nm+8x1°nx+8n1(l—Y)U)+Bn0Y°(smlcnm+Bxlonx)

and where A, 2 0 and A, 2 0 by the negative semi-definiteness of the
Slutsky subétitution matrix, From equation (22), it is clear that

dlogpno - om 2 (1~um&) and
dlogpm1 < g 2 (l-uml).

In comparison to expression (19), equation (22) reveals that high
values of both the temporal (og__) and intertemporal (o) elasticities of
substitution are mutually reinpgrcing in their effect on today's real
exchange rate in response to an anticipated future deterioration in the
terms of trade whereas they have opposing effects in the case of a
temporary current terms of trade shock. This fact reflects the differ-
ent real interest rate effects of current and anticipated future changes
in the terms of trade.

The analysis of anticipated future shocks to the terms of trade
yields proposition 2,

Proposition 2: An anticipated future terms of trade change will in
general alter the real exchange rate in the present, that is in periods

1/ For the response of Pn1s See the appendix.
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before any "fundamental™ has changed. A future deterioration in the
terms of trade will cause a real appreciation today if the temporal
elasticity of substitution between importables and nontradables, o,
and the intertemporal elasticity of substitution, ¢, both exceed the
critical value, (1-p ), which equals the ratio of imports to consumption
of importables. Further, once this critical value is attained, the
larger are both elasticities of substitution, o and ¢_ , the larger is
the magnitude of the real appreciation. Finally, if B%th elasticities
fall short of the critical value, an anticipated future deterioration in
the terms of trade causes a real depreciation today.

Two special cases may be of interest, Suppose y = 0 so that the
home economy is completely specialized in the production of exportables
and home goods in period one.

Case 1: Om = 1, in which case importables and nontradables are
neither gross su%stitutes nor gross complements., Then a sufficient
condition for an expected future deterioration in the terms of trade to
lead to a real appreciation today is that real spending in the two
periods be gross substitutes, and vice-versa. This parameter configura-
tion highlights the separate role of intertemporal substitution and
shows clearly that even if the demand for home goods is independent of
the terms of trade temporally, terms of trade shocks nonetheless affect
the real exchange rate. This contrasts with earlier analyses carried
out in the context of static models (e.g., Dornbusch (1974)) where
intratemporal substitution is the only mechanism by which terms of trade
changes after the real exchange rate,

Case 2: o0 =1. In this case, the elasticity of C. with respect to
the rate of interest is zero., Here, a sufficient condition for

diog pno
dl og pm1

substitutes, and vice-versa. This situation highlights the separate
role of temporal substitution.

to be positive is that importables and home goods be gross

Before turning to an analysis of the effects of permanent terms of
trade shocks, it is worth mentioning, in analogy to previous remarks
concerning the effects of tariffs that, around the autarky equilibrium
(n = 1), the effect of an anticipated future terms of trade
de%érioration is identical to the effect of the anticipation of the
imposition of a tariff (with lump sum redistribution of the proceeds),
assuming that initially there are no distortions in the economy.

Having analyzed the case of temporary (current and future) shocks
to the terms of trade, we now have all the necessary ingredients to
address the question of permanent shocks,
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3. Permanent terms of trade changes

The effect of a permanent deterioration in the terms of trade can

be found by setting p =P in equations (12) and (13) and using

mo - Pm1
the Slutsky decomposition. Assuming that the expenditure share and
production-consumption ratio of importables do not vary over time, the

horizontal shifts in the NONO and NlNl schedules are

(23) leano ) Bm[onm-(l-um)] nd
dlogpm N N Bmcnm+6x00nx+8n0YO
00
dlogp -em[cnm-(l—um)]
24 w0 -
e dlogp, Iy y Bo (7)o
11

Thus, a permanent deterioration in the terms of trade has two
effects: first, by permanently raising the relative price of import-
ables, the terms of trade change permanently alters the temporal compo-
sition of spending. The magnitude of the temporal substitution effect,
which may be positive or negative, is governed by %m? the elasticity of
substitution between importables and nontradables. @econd, the perma-~
nent deterioration in the terms of trade lowers welfare. The magnitude
of this welfare effect, which is always negative in terms of its impact
on the demand for c or c .,

no nl
stant) ratio of imports to consumption of importables. Clearly, we see

is governed by (1-p_), the (assumed con-
m

that the NONO schedule shifts to the right and the N1N1 schedule to the
left if Onm > (l-um), and conversely. These two cases are illustrated
in Figure 4, 1In panel (a), we assume O m ” (l—um). In that case, a
permanent deterioration in the terms of trade leads to a real apprecia-
tion in both periods. In panel (b), we assume %m < (l'pm) so that the
permanent terms of trade deterioration leads to a real depreciation in
both periods., The intuition of this reswlt is clear: if o > (l—um),
the positive substitution effect outweighs the negative wealth effect so
that the rise in Py ralses (permanently) the demand for nontradables.

Given the supply, a rise in both pnO and P i3 necessary to clear the

home goods sector. Conversely, if o < (1=p_), the negative welfare
effect dominates and a permanent deterioration in the terms of trade
lowers permanently the demand for home goods, resulting in a real
depreciation in both periods.
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Finally, panel a illustrates the phenomenon of equilibrium over-
shooting while panel b illustrates equilibrium undershooting. These
results are, however, not general since point B in panel a could
obviously be located above the 45 degree line, and conversely for point
B' in panel b,

In the appendix, we show that the equilibrium response of today's
relative price of nontraded goods to a permanent deterioration in the
terms of trade is given by:

dlogp
n0
(25) '&ng;— = AS[OI’IIT] 1 um)]
where
A = Bm[Bmcnm+Bx1°nx+Bn1°] >0
5 lecnm+Bx10nx+Sn1(l-Y)OTTBmOnm+8xoanxJ+BnOY°[Bmonm+8xl°nx]

Equation (25) reveals that the effect of a permanent terms of trade
change on the real exchange rate is very similar to the effect derived
in the context of static (one period) models. Specifically, if u = 0,
50 that the economy does not produce importables, then a permanen
deterioration in the terms of trade raises the relative price of home
goods today if importables and nontraded goods are gross substitutes
(o n > 1), and vice-versa. Note that this is precisely the condition
given in Dornbusch (1974) in the context of a static model.

Finally, if we assume that u = 1, so that at the initial terms of
trade the economy operates close %o the autarky equilibrium, then a
permanent deterioration in the terms of trade has exactly the same
effect as the imposition of a permanent tariff (with lump sum redistri-
bution of the proceeds) from an initial equilibrium with zero tariffs.
If importables and nontradables are net substitutes (onm > 0) there is a
real appreciation, and vice-versa.

The analysis of permanent terms of trade changes leads to the
following proposition:

Proposition 3: The effect of a permanent terms of trade disturbance on
the real exchange rate depends on the relative magnitude of the temporal
elasticity of substitution between importables and nontradables, o ,
and the ratio of imports to consumption of importables, (1-p ). If the
value of ¢ exceeds this critical ratio, a permanent terms of trade
deterioration causes a real appreciation in both periods, and con-
versely. The absence of intertemporal considerations from the analysis
is a consequence of the assumption of constant expenditure shares. With
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this assumption, a permanent terms of trade change does not alter the
real rate of interest.

IV, The Harberger-Laursen-Metzler Effect in
the Presence of Nontraded Goods

The effect of various shocks to the terms of trade on the path of
the real exchange rate is an important ingredient in the analysis of the
Harberger-Laursen-Metzler effect. In particular, the total effect of a
terms of trade change on the trade balance can be decomposed into a
direct effect (holding constant the path of the real exchange rate) and
an indirect effect (operating through changes in the real exchange rates
caused by the shock to the terms of trade which in turn feed back to
alter the trade balance). Accordingly, we may write:

d(TAC)O a(TAC)O B(TAC)O dlogpnt

(e B and

(26) = + ’
dlogpmO alogpmo £=0 alogpnt dlogpmo

(273 d(TAC)O _ B(TAC)O . ; B(TAC)O dlogpnt
dlogpm1 alogpm1 t=0 8logpnt dlogpm1
d(TA ) 3(TA ) 1 3(TA ). dlogp

(28) c’0 _ c’'0 E c’0 nt

dlogpm ’alogpm Ty 0 Blogpnt dlogpm i

B(TAC)O B(TAC)O B(TAC)O

Blogpm ! alogpml 8logpm

(9), respectively, and correspond to the direct effect of a terms of
trade change and where the terms inside the summation signs represent
the indirect effect of a terms of trade change on the balance of trade.

where

are given in equations (7), (8), and

b

To gain insight into the indirect effect, we need to determine how
real exchange rate changes affect the consumption based trade balance.
Differentiating equation (5), the following expressions are easily
derived:

3(TA ),
(29) ——31°gpno = 8.0 [(1'“00) + YO]CO,
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a(TAc)O

O —
(30) FLogp, .
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As can be seen from equation (29), a temporary current rise in the
relative price of home goods, p ., affects the consumption based trade
balance via two separate channels: a real income effect Bno(l-uco) and

a real spending effect BnOYo. The real income effect is positive if
Moo <1, i.e., if at the initial terms of trade the country has a trade
deficit and is negative if Moo > 1, that is if initially the country has

a trade surplus. The reason is clear: if yu <1, there is excess
demand for tradables in period zero so that a fall in their relative
price (a rise in p O) raises real income. Conversely, if u > 1, there
is excess supply oP tradables in period zero so that a fall in their
relative price lowers real GDP.

The only mechanism through which a change in p affects real
spending, C., is purely via intertemporal substitut?on. This is so
because of %he assumption that the home goods market clears in each
period. Since nontraded goods are neither in excess demand nor excess
supply, there is no aggregate wealth effect due to a change in their
relative price. However, a rise in p raises the real rate of interest
relevant for consumption decisions and this reduces spending (and there-
fore improves the trade balance) by the product of the change in the
discount factor, which equals B 0’ and the compensated elasticity of
spending with respect to the ingerest rate, which equals Yg.

Consider now equation (30). A rise in Ph affects the period zero

trade balance only by altering real spending, C. (since there is no

0
effect of a change in p_ . on current real income, (GDP )O). Again, and
for the same reason as above, real spending is affecte% only by altering
the intertemporal terms of trade. The rise in P, raises the discount
factor « by the magnitude B and this raises current period real
spending by the product of B and the compensated spending elasticity,
Yo. The increase in real spending corresponds to a worsening of the
period zero trade balance.

We are now in a position to derive the total effect of a terms of
trade change on the trade balance. We consider first the case of perma-
nent shocks and then move on to determine the effects of temporary (cur-
rent and anticipated future) terms of trade changes.
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1. Permanent terms of trade changes ‘

To sharpen the analysis, we will consider a benchmark case in which
expenditure shares and production-consumption ratios are stationary. 1/
To motivate this assumption, recall from the definition of the real
discount factor, that a permanent rise in the relative price of import-
ables raises the real rate of interest if Bm , the period zero expendi-
ture share of importables, exceeds B ., the period one expenditure
share, and vice-versa. If BmO = B _,, then a permanent deterioration in
the terms of trade leaves the real interest rate unchanged. Thus, in
contrast to temporary terms of trade shocks which always alter the real
rate of interest, our assumption of constant expenditure shares implies
that in the case of permanent shocks, the main channels influencing the
behavior of the trade balance are temporal substitution and welfare
effects, rather than intertemporal effects.

Substituting the relevant expressions into equation (28) and assum-
ing that all expenditure shares and production-consumption ratios are
constant, the total effect of a terms of trade change on the period zero
real trade balance is given by

d(TAc)O

(30 Wogn = Bnl7o0lCo * BaliwgelColopm @y las

Consider the first term in equation (31), which represents the
direct effect. As can be seen, the sign of the direct effect is deter-
mined solely by the initial trade balance position of the country: it
is positive if at the initial relative price structure, the economy runs
a trade deficit (u 0 < 1) and it is negative if the country has a trade
surplus (yp > l).c If initially the trade account is balanced, then the
permanent rise in the relative price of imports lowers real income and
spending by the same amount and the trade balance is unchanged.

The second term in equation (31) 1s the indirect effect and its
sign depends on two factors: the first is whether om 2 l-um, and the
second is whether Moo 2 1. The sign of the expression [onm - (1-um)]
determines the sign of the change in the relative price of hame goods as
a result of the deterioration in the terms of trade. 1If O > l—um, the
permanent rise in P leads to a permanently lower real exchange rate,
and conversely. The term [l—ucO] translates the change in the real

exchange rate into a change in the balance of trade. If Moo <1 so

1/ The ingredients necessary for consideration of the general case
are given in the appendix.
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that, initially, the country has a trade deficit, then the real exchange
rate and the trade balance are negatively correlated, and vice versa. 1/

The analysis suggests that, in contrast to previous work which
assumed no nontraded goods, the real exchange rate is a potentially
important mechanism for the transmission of terms of trade disturbances
to the current account. Specifically, our model suggests that if
(1-u.) > 0, so that a terms of trade deterioration causes a real
depreciation, the direct and indirect effects of the terms of trade
change will be opposite in sign. 2/ In fact, for certain values of the
parameters, the direct effect may_be small and the indirect effect may
be large so that the latter may even outweigh the former. Factors
favoring this outcome include a large value for 8 _, the expenditure
share of hame goods in total spending, relative to Bm’ the expenditure
share of importables.

Specifically, while the assumption of no nontraded goods (B _ close
to zero) implies that from an initial position of trade deficit, a
permanent terms of trade deterioration always improves the trade
balance, the analysis here suggests that a comovement consisting of
(1) deteriorating terms of trade; (il) negative and worsening trade
balance; and (iii) real depreciation is a theoretical possibility. 3/
Similarly, a comovement consisting of (i) improving terms of trade;
(ii) positive and improving trade balance; and (iii) real appreciation
is also possible. These types of comovement would be difficult to
explain in the context of models without nontraded goods. Thus, we
have:

Proposition 4: The response of the current account to a permanent terms
of trade change will be qualitatively similar in models with and without
nontraded goods if the elasticity of substitution between home goods and
importables, o, exceeds the ratio of imports to consumption of import-
ables, 1-u . or values of ¢ falling short of this critical ratio,
the behavior of the trade balance may differ qualitatively in the two
types of model. For example, a deterioration in the terms of trade may
lead to a worsened trade balance (from an initial position of deficit),
and an improvement in the terms of trade may lead to an increase in the

1/ Note that if bag = 1, so that the trade account is in balance,
then both the direct and indirect effects are zero and a permanent terms
of trade change leaves the balance of trade unaffected.

2/ This condition states that the real income effect of a terms of
trade change outweighs the temporal substitution effect. It is neces-
sarily satisfied if importables and nontradables are Hicks complements
but is compatible with their being Hicks substitutes as well. Note that
if the economy does not produce importables, the condition states that
Tm < 1.

3/ Note that this is an equilibrium phenomenon and has nothing to do
with lags in the adjustment of the current account to relative price
changes, which underly the "J curve."



trade surplus. In the first case, the worsened trade balance will be
accompanied by a real depreciation while in the second case the larger
surplus will be accompanied by a real appreciation.

Finally, we note that the analysis carried out here is relevant not
only for exogenous shocks to the world terms of trade but also for any
commercial policy induced changes which alter the domestic terms of
trade, Specifically, if we evaluate equation (31) around the autarky
equilibrium (um = 1), the resulting expression gives the effect of the
imposition of a permanent tariff with lump sum redistribution of the
proceeds, assuming that initially, there are no tariffs.

2. Temporary terms of trade changes

We now turn to a discussion of the effects of temporary (current
and anticipated future) terms of trade shocks. The analysis brings to
the forefront a third channel by which terms of trade changes affect the
trade balance--in addition to the wealth and temporal substitution
channels which played a role in the interpretation of permanent shocks--
namely, the intertemporal substitution channel.

To sharpen the analysis, we consider in what follows a benchmark
case in which, in the initial equilibrium, the trade account is
balanced. This assumption implies that there are no real GDP revalua-
tion effects assocliated with initial trade account imbalances. t/
Accordingly, in what follows, assume p = 1. Substituting the relevant
expressions into equations (26) and (2?9 yields:

d(TAC)O
(32) oz p. BmY{c"('I'um)] CO + BnYO[Onm"O] CO A6,
mO
(33) d(TAC)O . d(TAC)O
diog P dlog pmo’
where A, = B [B o+ 8.0 +B8ol L >0
6 m o monm X Nnx n :

These equations reveal that the effects of temporary terms of trade
changes can be decomposed into two components: a direct effect (the
first term in equation (32))--that is the effect holding constant the
path of the real exchange rate--and an indirect effect, which involves
the endogenous real exchange rate changes caused by the terms of trade

1/ The ingredients necessary for consideration of the general case
are given in the appendix.




disturbance (the second term in equation (32)). Equations (32) and (33)
also show that current and anticipated future terms of trade changes
have effects on the period zero trade balance which are equal and oppo-
site in sign. This symmetry stems from the assumption of constant
expenditure shares, production-consumption ratios, and initial trade
balance.

Let us consider first the direct effect in equation (32). A rise
in me has three effects on the period zero trade balance. First, real
GDP falls by the amount Bm(1-um), that is in proportion to the (assumed

constant) volume of imports., This is the negative real income effect
associated with a deterioration in the terms of trade., Second, the rise

in Pno raises the consumption based rate of interest which lowers real

spending, C The magnitude of this effect is governed by the product

of Bm, whicg equals the fall in the real discount factor, and Yg¢, the
compensated elasticity of CO with respect to the discount factor.

Third, the rise in Pro lowers lifetime real wealth, The proportional
fall in lifetime wealth is a fraction, (1-Y), of the the fall in current
period real GDP, Sm(1-um). The fall in real wealth lowers the volume of

spending, C_., by the amount B (1-Y){(1-p_ ), given the assumption of
homothetici%y. Summing these three effects yields precisely the first
expression in equation (32).

The direct effect 1s therefore positive or negative according to
whether ¢ % (1‘um). This result shows that, in response to a temporary

deterioration in the terms of trade, the trade balance need not behave
as a "shock absorber" and move into deficit. 1/ The reason is of course
that a terms of trade shock is a particular kind of real income shock.
Like a negative supply shock, a deterioration in the terms of trade
lowers real income. Unlike a negative supply shock, a deterioration in
the terms of trade raises the real rate of interest (for this small open
economy). The rise in the rate of interest reduces real spending via
the intertemporal substitution channel. If this force is sufficiently
powerful, that is if ¢ > (1-p_), then a temporary adverse movement in
the terms of trade will actually cause the trade balance to move into
surplus. 2/

Consider now the indirect effect in equation (32). Simple
algebraic manipulations reveal that this effect may be written as the

1/ This role of the current account is emphasized in Sachs (1981).
2/ In the case of logarithmic utility, o = 1, and the trade account
necessarily moves into surplus (cannot move into deficit).
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dlog(pno/pn1) B(TAC)O

product of two terms: dog pmo and 3Tog pno. From the discussion

in the appendix, it is straightforward to show that

dlog (pno/pn1)

LI =
(34) dlog pmO [onm

Equation (34) states that the effect of a temporary current
deterioration in the terms of trade on the rate of increase in the real
exchange rate between periods zero and one depends on the relative
magnitudes of the temporal and intertemporal elasticities of
substitution. The intuition of this result is as follows. A rise in
p induces susbstitution among goods within period zero, The magnitude
of "this substitution is governed by ¢__, the temporal elasticity of
substitution between nontradables and importables., If the goods are
Hicksian substitutes, so that o > 0, the impact of this temporal
substitution on the intertemporgT real exchange rate ratio, p 0/p
positive, and conversely. n

n1’ is

In addition, however, a rise in p raises the consumption based
rate of interest and induces substitution of aggregate spending (part of
which falls on home goods) from period zero to period one. This inter-
temporal substitution effect is unambiguously negative in terms of its
impact on the price ratio, p ./p.,. Its magnitude is governed by o, the

intertemporal elasticity of ggbs%ltution.

Thus, we see that if ¢ > o0, so that the temporal susbstitution
effect dominates the intertemporal substitution effect, the rise in p
raises the price ratio p_./p and the sign of the indirect effect ismo
necessarily positive. Conversely, if a temporary current deterioration
in the terms of trade leads to a flatter time profile for the real
exchange rate (so that pno/p 1 falls), which will occur if ¢ < g,
then the sign of the indirect effect is negative. It is relevant to
note that the direction in which the time path of the real exchange rate
changes in response to a temporary terms of trade disturbance (indicated
by equation (34)) is a key determinant of the movement in the real rate
of interest. The change in the latter is of course crucial for
determining the effect of the terms of trade change on real spending and
hence on the real trade balance.

The previous analysis suggests that the direct and indirect effects
of temporary terms of trade disturbances depend on different parameters
of the model. Specifically, the sign of the direct effect depends on
the relative magnitude of the intertemporal elasticity of substitution,
g, and the share of imports in the consumption of importables, 1-u .

On the other hand, the sign of the indirect effect depends on the rela-
tive magnitudes of the temporal and intertemporal elasticities of sub-
stitution, o and Orm® This observation shows that the direct and
indirect effect may in fact be opposite in sign. Furthermore, for




certain parameter configurations, equation (32) reveals that the latter
may dominate the former., This suggests that--as in the case of perma-
nent shocks--the real exchange rate may be an important variable through
which terms of trade shocks are transmitted to the current account.

To fix ideas, consider for example a situation in which a temporary
current deterioration in the terms of trade would--in a model without
nontraded goods—--worsen the period zero trade balance, This is the
result 1f the current account acts as "shock absorber" and occurs if
6 < {(1-p_). 1In this case, an (overly) sufficient condition for the
indirect effect to be positive (and hence opposite in sign to the direct
effect) is for nontradables and importables to be gross substitutes. 1/
It is easy to verify that for certain parameter configurations (partizu—
larly if Bn is large relative to Bm), the direction in which the trade
balance moves may be determined by the (positive) indirect effect rather
than by the (negative) direct effect. In the example just cited, the
trade balance would--in a model without nontraded goods--move into
deficit (acting as a "shock absorber") whereas in a model with nontraded
goods, it would move into surplus as a result of a temporary current
terms of trade deterioration.

Before summarizing our results in proposition 5, it is relevant to
note that we have concentrated in the previous analysis on temporary
current rather than anticipated future shocks to the terms of trade,
The underlying symmetry between equations (32) and (33) suggests that a
separate analysis of anticipated future shocks is not required. We can
note briefly, however, that in the case of an anticipated future terms
of trade deterioration the direct effect on today's trade balance will
be positive if ¢ < (1-p_ ). This is the case in which the current
account acts as a "shocﬂ absorber™ moving into surplus in anticipation
of a future real income loss. However, if ¢ > (1-u_), then the direct
effect will worsen the trade balance as a result of an anticipated
future terms of trade deterioration. The intuition here is that the
expected rise in pm1 lowers the real rate of interest which raises real
spending today, C.; this effect dominates the negative real wealth
effect which by itself tends to lower real spending and hence improve
the trade balance. The direct effect is therefore negative if the real
wealth effect is weak relative to the intertemporal substitution effect,
i.e., if o > (1—um), and conversely.

The sign of the indirect effect of a rise in P depends on the
response of the time path of the real exchange rate, pno/pn1' The

parameters which influence this time path are the temporal and inter-
temporal elasticities of substitution., If %m > g, then a rise in

Pt lowers the price ratio, Pp /pn1, which in turn lowers the consump-

0
tion based rate of interest, Real spending, CO, therefore rises and the

1/ The weaker condition, o, > (1-uy) is sufficient,

nm
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indirect effect contributes to a worsening of the trade balance. 0On the
other hand, if onm < g, arise in pm1 raises the price ratio,

pno/pnl' which in turn raises the real rate of interest. Real spending,

C., falls and the indirect effect contributes to an improvement of the
trade balance,

Finally, we can see that, for certain parameter configurations, the
direct and indirect effects of an anticipated future terms of trade
change will be opposite in sign (and the latter may even dominate the
former). Since, a priori these configurations are no less likely than
alternative ones, it follows that the real exchange rate is potentially
an important transmission mechanism of (anticipated future) terms of
trade shocks to the current account.

The foregoing analysis leads us to proposition 5,

Proposition 5: Temporary terms of trade disturbances will in general
have different effects in models with or without nontraded goods. The
fundamental reason underlying these differences is that the time path of
the real exchange rate (which is a key determinant of the real rate of
interest and hence of real spending and the trade balance) is an
endogenous variable which responds to disturbances in the terms of
trade. Specifically, we showed that if o, the temporal elasticity of
substitution between nontradables and importables, exceeds g, the
intertemporal elasticity of substitution, then a current deterioration
in the terms of trade accelerates the rate of change of the real
exchange rate while an anticipated future deterioration in the terms of
trade decelerates the rate of change of the real exchange rate over
time. The response of the time path of the real exchange rate in the
opposite case, when o > ¢__, is opposite to the one just indicated,
namely decelerating in the case of a current shock and accelerating in
response to a future shock. We showed that for certain parameter
configurations (specifically if the share of home goods in total
spending is large relative to the share of importables), a temporary
terms of trade shock will lead to a deterioration in the trade balance
when the response of the real exchange rate is taken into account even
if, holding constant the real exchange rate, the trade balance improves,
and conversely.

Finally, it is relevant to note that the imposition of a temporary
tariff (from an initial equilibrium with zero distortions and assuming
lump-sum redistribution of the tariff revenue) will have the same
effects on the trade balance as a temporary terms of trade shock evalu-
ated at the autarky equilibrium. Using equations (32) and (33), this
implies that the imposition of a temporary tariff always improves the
trade balance while the anticipation of the imposition of a tariff in
the future always worsens it, holding constant the time path of the real
exchange rate. However, if the temporary tariff is accompanied by a
sufficiently lower intertemporal real exchange rate ratio or if the
anticipated future tariff is accompanied by a sufficiently higher one,
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the first policy may cause a worsened period zero trade balance while
the second causes an improved period zero trade balance.

Figure 5 illustrates some of these results. On the horizontal
axis, we plot real income and spending in period zero and on the verti-
cal axis we plot the corresponding period one variables. The initial

real income and spending points are denoted IO and SO’ respectively. We

assume, in Figure 5, that the initial trade balance is zero so that
IO’ SO occur at the same point., The solid line in Figure 5 represents
the lifetime budget constraint and its slope is (minus) one plus the
real rate of interest.

Consider now a temporary current deterioration in the terms of
trade. This shifts the real income point from IO to IT' At a constant

real discount factor, the real spending point shifts from SO to S1. The

period zero trade balance unambiguously turns negative, with the magni-
tude of the deficit being equal to the horizontal distance between
I, and S..
1 1

However, in general the real rate of interest will not remain
unchanged. First, the current deterioration in the terms of trade tends
to raise the real rate of interest, holding constant the path of the
real exchange rate. This change is captured by a clockwise pivot of the
budget line through point I1, where the new slope equals (minus)

Ré > RC Real spending moves to a point such as 82, along a new Engel

0 0°
curve (not drawn) corresponding to the higher real interest rate. The
movement from the pair (IO, SO) to the pair (11, 82) corresponds to the

direct effect in equation (32). Accordingly, we assume that the direct
effect on the trade balance is negative,

Consider now the indirect effect and suppose that the temporary
terms of trade deterioration results in a steeper time profile of the
real exchange rate. This effect raises the real rate of interest and
results in a further clockwise pivot of the budget line through point
I;. The slope of the new budget line is equal to (minus) Rgo > Réo and

spending moves to a point such as S,, at the intersection of a new Engel
curve (not drawn) and the budget line. At S,, there is a trade surplus
corresponding to the horizontal distance between I1 and S,. Thus, while
the direct effect (which corresponds to the movement from

(I
(I

SO) to (11, SZ)) lowers the trade balance, the total effect (from
SO) to (11, S

O’
0’ 3
underlying these different results is the endogenous movement in the
time profile of the real exchange rate,

)) yields a trade surplus. The fundamental reason
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Clearly, the diagrammatic apparatus can be used to generate a wide
variety of interesting results, Specifically, we can use the analysis
to show that the imposition of a temporary tariff, which necessarily
improves the trade balance holding constant the time path of the real
exchange rate, may actually worsen the trade balance if the time profile
of the real exchange rate becomes sufficiently flatter. We can also use
the apparatus to analyze the effects of anticipated future and permanent
shocks to th world terms of trade (or analogous movements in the
domestic terms of trade arising from tariff changes).

V. Conclusions and Extensions

In this section, I summarize the main results of this paper and
sugzest possible extensions.

This paper uses an intertemporal optimizing model of a small
country in which agents consume three goods which are imperfect substi-
tutes in demand, in order to determine to what extent the introduction
of a nontradables sector alters the relationship between changes in the
terms of trade and the balance of trade. An answer to this question
requires an understanding of how the two temporal relative prices--the
terms of trade and the real exchange rate--are linked. We, thus,
analyzed the effect of various terms of trade shocks on the real
exchange rate. These real exchange rate changes represent a separate
and distinct channel via which terms of trade changes affect a country's
trade balance,

Specifically (and schematically), the effect of temporary shocks to
the terms of trade were found to depend critically on two factors:
First, the relative magnitude of temporal and intertemporal elasticities
of substitution and second, the relative magnitude of the intertemporal
elasticity of substitution and the ratio of imports to consumption of
importables. The first factor determines the effect of the terms of
trade change on the time profile of the real exchange rate (which is a
key determinant of the real rate of interest and hence real spending and
the trade balance) while the second determines the effect of the terms
of trade change on the trade balance, holding constant the real exchange
rate. We showed that for certain parameter configurations, the predic-
tions of models which incorporate nontraded goods may differ from those
which do not. The real exchange rate is potentially an important trans-
mission mechanism of terms of trade shocks to the current account,

The analysis of permanent shocks revealed that (a) the initial
trade balance position and (b) the relative magnitudes of the temporal
elasticity of substitution and the ratio of imports to consumption of
importables are the key factors which determine the behavior of the
trade balance. This is in constrast to the previous analysis which
showed that the initial borrowing position of the country was the main
factor determining the behavior of the current account as a result of a .
permanent terms of trade shock.
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Figure 5

The Harberger—Laursen—Metzler Effect
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The Effect of a Temporary Current Deterioration
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The extensions to this paper are numerous. I will mention only two
of them here, the criterion for selection being that they represent work
in progress. The first is to analyze the role that capital mobility
plays in determining the comovement between the terms of trade and the
real exchange rate. 1In this paper, agents were assumed to have perfect
access to the world capital market; other possibilities, including
restricted access to the capital markets or--in the limit--no access so
that, in each period, the current account must balance, would be worthy
of examination,

A second possible extension would involve relaxing the small
country assumption in order to understand, within the context of a two-
country general equilibrium optimizing model of the world economy, how
various shocks to demand (e.g., fiscal policy) or supply (e.g., endow-
ment shocks) affect the comovement among world real interest rates, real
exchange rates at home and abroad, and the terms of trade,.
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The Basic Model

In this appendix, I provide some guideposts to the main derivations
contained in the body of the paper.

On numerous occasions in the text, use is made of the relationship
between gross elasticities and Hicks-Allen elasticities of substi-
tution. The Allen elasticity of_ substitution between goods i and j,
UiJ = UJi’ equals ng /B , Where niJ is the compensated elasticity of
demand of good i with respect to a change in price pj. Using this
definition, the Slutsky decomposition of a total elasticity into its
corresponding substitution and income effect components, and the
homogeneity property of demand function gives a relationship between
gross elasticities and an expenditure share weighted average of the
elasticities of substitution and total spending (or wealth) elastici-
ties. Under the homotheticity assumption, the elasticities of demand
with respect to spending as well as of spending with respect to lifetime
wealth are both unity. The following relationships used in the paper
are now readily derivable. These are:

(A-1) n, 4 = Y(o-1)
0
(4-2) nc1a = -[a-ve + v]
(A-3) "n p - —Bmt nm th nx Bnt
t'nt
(A-4) n =B . (o _~-1)
ntpmt mt

where o, the intertemporal elasticity of substitution, is defined as

Blog(Cl/CO)
alog[<aU/aco)/(aU/acl>]

(A=5) o =

Note that since ¢ > 0 and 0 < Y < 1, Mo o is negative. However,
1

whether L 2 0 depends on the intertemporal elasticity of substitu-
0
tion. If ¢ > 1, then a rise in the "price" of Cl' @y raises demand

for C.. In this case, real spending in the two periods are gross sub-

0
stitutes and conversely. Note also that since -[Bmtonm+8xt°nx] is a
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compensated effect, it is nonpositive by the negative semidefiniteness
f the Slutsky substitution matrix.
The derivation of equations (7), (8), (9), (29), and (30) follows

from differentiation of the trade balance equations ((5) and (6)) and

+tho hnrinoi— caonatraint (2Y and (U)Y IfTap i@ made alen aof the rel
tne opudget constraint (3) anag (s,). vol 1o haul aio0 Oi Uil I'Ca

ships (A-1) and (A-2).

Many of the subsequent expressions in the paper follow from a
tion to the system of market clearing conditions (10) and (11). For

SCL Catbal Ll LUIIELI L0 D v/ Al (211

solu
convenience, Wwe rewrite these equilibrium conditions

(A-6) cno(pno’pmo POCO(acl’ wco)) -

(A-T7) PlCl(a W _))=Y

Ch1 Py Py el "eo

Totally differentiating, we have

(A-8) (n +8 ) p
nopnO no n0 n

(A-9) (n + B

P nl) Pmp * (n * Bml)p MERLP S ch = 0.

nlpml ml cya cl

where use has been made of the fact that the elasticity of the price

index Pt with respect to a change in one of the temporal relative prices

(pnt or pmt) is simply the corresponding expenditure share

(Bnt or Bmt)' We assume throughout that there are no supply shocks

(endowments are constant) and that the world discount factor, aqo is
given. In this case, the discount factor relevant for domestic consump-
tion, @,y evolves according to

(A-10) %1 = EmPm T fmPm T €noPno T BmoPmoc

Recalling that real wealth is given by

(A-11) W x1[Yxl * pleml ¥ pnlynl]

co {Yxo * ProYmo * PnoYno * @

-y
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we can totally differentiate (A-11) to obtain

~ ~ ~ ~ ~

(A-12) Woo = L1-Y)w =118 op 0 = Y8 0P o+ Yu .8 P+ V8

co m1 " m1 Pm1 n1Pn1-

Substituting (A-1), (A-2), (A-3), (A-4), (A-10), and (A-12) into
(A~7) and (A-8), we obtain the system

_BmOUnm—BxOOnx—BnOYO YBnlo pnO
(A.13) Bro(t )0 B % Bx1 Onx B (1710 Pl |
- gy (1o ) o1l 1
Bmo[onm {1 (RS um0)+Y0}] Ble(o (1 “ml)) me
L-Bmo(l-Y)(o-(l-umO)) -Bml[(onm-o)+Y(o-(l-uml))]d mel |

This system underlies the derivation of the slopes of the N N_  and
N,N, schedules as well as their shifts in response to various terms of
trade changes.

~ ~ ~

- Using (A-13), we can solve for p and p in terms of p and
: no nl mO
P_.. The solutions are
ml
- -1
(A.15) pnO = A {Bmo[onm ((1-v) Q2 umO) * YO)][Bmlonm ¥ Bxlc’nx+8nl(l Y)O]

~

1
* Bmo(l ) (o (1-Um0))YBnl°}me+ A {Yeml[c—(l-“ml)]{Bmlonm+8nm+8xlonx

+8,(1-Na] + 8 [0 -0) + Y(o=(1=p ))Y8_jolp .

ml[
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(a.15) p_ = a7 (-1 [o-(1-u )18 o+ 8

nm xoanx Yo]

* BnO

~

+ B0 (=18 olo ~((A-Y)(1-u ) + vo) llp g

+ a7 e [0, o) + Y(o-(i-u_ ) ][B

m v B

mOonm xoonx ¥ BnOYO]

~

By (1728, oYolo=(2=u ) ]lp

+

where A = [B

2

+Bnl(l—Y)°]+BnOY°[Bmlonm+Bxlonx] =

mOUnm+BxO°nx][Bmlonm+8xl°nx

Equations (19) and (22) correspond to the coefficients of

~

Pro and Pl in (A-14), To determine the effects of permanent shocks,

set Poo = Pmp = Pp IR (A-14). Equation (A-15) is used to determine the

effect of terms of trade changes on the relative price of home goods in
period one.

Substitution of the relevant terms in equations (A-14) and (A-15)
into equations (26), (27) and (28) underlies the main derivations in
Section IV of the paper,
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