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1. INTRODUCTION

The effects of terms of trade shocks on the economy have been extensively discussed
since the 1950s when Harberger (1950) and Laursen and Metzler (1950) identified what 1s
now known as the Harberger—Laursen—Metzler (HLAI) effect. According to this proposi-
tion, a deterioration in the terms of trade will raise real expenditure out of a given income
level, thereby reducing savings, and given the level of investment, cause a deterioration in
the current account.

Recently, several authors have revisited this issue. approaching it using the framework
of the representative agent, intertemporal optimizing model. Work in this direction orig-
inated with Obstfeld (1982), who showed how, if the country’s rate of time preference is
increasing in utility, a deterioration in its terms of trade will lead it to increase its rate
of savings and run a current account surplus, thereby contradicting the HLM proposition.
Subsequent authors show how the validity of this proposition depends upon other aspects
of the formulation of the model. Using a two period framework, Svensson and Razin (1983)
demonstrate that a priori, the effect of a rise in the price of importables is ambiguous.
Persson and Svensson {1985) consider an overlapping generations model. They show how
the effect depends critically upon whether the shock is permanent or temporary, on the one
hand, or anticipated or unanticipated, on the other. Bean {1986) emphasizes the role of the
labor-leisure choice, as do Sen and Turnovsky (1989). The latter authors also consider the
role of investment, as does Matsuyama (1988), although these two studies focus on rather
different aspects. Whereas Sen and Turnovsky emphasize the relative importance of the
income and substitution effects generated by a terms of trade shock, the Heckscher~Ohlin
framework adopted by Matsuyama highlights the role of sectoral capital intensities in the
adjustment process.

All of this literature is based on deterministic models. A recent paper by Stulz (1988)
analyzes the effects of terms of trade shocks in a situation where they evolve stochastically

over time. He considers the relationship between unanticipated changes in the terms of
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trade, on the one hand, and consumption expenditures, together with the current account
balance. on the other. His main result is to show how the effect of an unanticipated change
in the terms of trade on consumption and the current account depends upon the differential
between the expected real rates of return on foreign and domestic bonds. In the absence
of such a differential, the agent will choose a portfolio of assets such that an unanticipated
change in the terms of trade has no effect through consumption on the current account.

The present paper employs the model developed by Stulz, though with a somewhat
different emphasis, and focusing on a broader range of issues. First, while he was concerned
primarily with the effect of the consumer’s ability to hedge against terms of trade shocks.
on the current account, our focus is oriented towards more general issues pertaining to the
impact of terms of trade shocks on real activity and growth.

Secondly, the impact of changes in the terms of trade on real behavior is sensitive to
the units in which the real activity is being measured. Previous discussions of the HLM
conditions have varied in this regard. The original discussion measured everything in
terms of the exportable good.! More recent authors, including Stulz, consider real activity
in terms of a general price index which reflects the overall cost of living.? Qur analysis
emphasizes how in certain respects, the real effects depend upon the units in which activity
is being measured. Thirdly, the measure of the real current account chosen by Stulz is
the change in the real quantity of traded bonds held by the domestic economy. This is
inclusive of the capital gains or losses arising from the change in the price of the asset.
The usual measure of the current account deficit abstracts from this and the behavior of
this more conventional (although not necessarily superior) measure is radically different.
Tt is much closer to that of the trade balance, which was in fact the focus of the original
Harberger paper. The qualitative responses of these latter measures are also much less
sensitive to the units in which real activity is being measured.

Finally, in addition to considering unanticipated shocks, we consider a wider set of

relationships pertaining to terms of trade disturbances. Specifically, we analyze the effects
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of both expected changes in the terms of trade, as well as the variances in these changes, on
the expected rates of change of consumption. savings, growth. and the current account, all
of which are very closely related in equilibrium. We also examine the relationship between
the variance in the terms of trade shock and the variance along the equilibrium growth
path. Paradoxically, we shall show how an increased variance in the terms of trade may
quite plausibly have a stabilizing effect on the growth path (measured in terms of domestic

output), in the sense of reducing its variance.

The analytical framework we employ is based on a continuous—time. representative
agent, stochastic optimizing model, in which the stochastic terms of trade is represented
by a Brownian motion process. As Stulz (1988) and others have shown in other contexts,
this is a very convenient framework for analyzing stochastic behavior in an intertemporal
setting. One particular aspect is that the value function, used to solve the representative
agent’s intertemporal optimization problem provides a natural measure for assessing the
effects of the terms of trade shock on the welfare of the representative agent. Despite the
fact that welfare is the fundamental issue and implicitly what discussions of the HLM effect
have had in mind, it has frequently been proxied by measures such as expenditure and the
current account balance. One important exception to this is Svensson and Razin (1983),
who using duality theory are able to obtain precise measures of the welfare effects of terms
of trade disturbances.> The present approach also enables us to address the welfare issue
in a direct, and at least for the present model, in a definitive way, thereby circumventing

problems associated with the choice of units defining real quantities.

2. STOCHASTIC EQUILIBRIUM IN A SMALL OPEN ECONOMY

We consider a small open economy which is specialized in the production of a single
good. The representative agent in the economy consumes both this good. and a second
good which it imports from abroad. The relative price P of the imported good is taken as

given and is assumed to be generated by the Brownian motion process
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% = pdt + du (1)
where p is the instantaneous expected rate of change in the relative price and du is a tem-
porally independent, normally distributed. random variable with mean zero and variance
oldt. The terms of trade are therefore +, with an increase in P representing a deterioration
in the terms of trade.

The representative individual holds two securities in his portfolio. These include
traded bonds and claims (which may also be traded) on physical capital. There is no

money, so the model is real. Domestic output ¥ is produced using domestic capital K, by

means of the simple linear production function

dY = aKdt (2)

Accordingly, assuming that domestic capital can be adjusted instantaneously in the econ-
omy, the real rate of return on domestic capital, expressed in terms of domestic output,

is

dY
dRS = 'h—, = adt (3[1)

Traded bonds are assumed to be short bonds. paying a rate of interest :*. The real rate
of return on foreign bonds over the period dt, expressed in terms of the domestic good, is

therefore

dRp = (i* + p)dt + du. (3b)

Over the instant of time dt, the representative agent consumes output of the two

commodities at the nonstochastic rates C;(t)dt, Ca(t)dt, respectively. His objective is to
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select these rates of consumption. together with his portfolio of assets, to maximize the

expected value of discounted utility

w0y
Eq / = [Cfczlﬂe] T e Pt —o < v <1
[ (4a)
0<f<t
subject to the wealth constraint

W=NKN+PB (4b)

and the stochastic accumulation equation
dW = WingdRs + npdRp]| — (Cy + PCy)dt (4¢)

where
B = stock of traded bonds, held by domestic residents, denominated

in units of foreign output,
K = stock of capital, expressed in units of domestic output,
W = real wealth, expressed in units of domestic output,
ng = /W = share of capital in portfolio of domestic agents.

np = PB/W = share of traded bonds in portfolic of domestic agents.

Utility is represented by the constant elasticity function, with » = 1 — v measuring
the constant coefficient of relative risk aversion. The value v = 0 corresponds to the
logarithmic function. Dividing (4b) by W and substituting for dRg,dRp into (4c), these

two equations may be expressed as

ng+ngp=1 (4bl)

dW = Winsa + np(i* +p)] = (Cy + PCy)]dt + Wnpdu (4¢")
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where it should be recalled that P evolves in accordance with (1).
The maximization of (4a). subject to (4b'), (4c') and (1) is a straightforward problem
in stochastic optimization and the details of the solution are outlined in the Appendix.

Defining aggregate consumption. expressed in terms of domestic output, by

CEC‘I-{-PC;,)

the first order conditions are

¢y =6C (5a)

PC; =(1-6)C (5b)

= = o b= ) el grbeli =) - el - O 420 - 01} 6o

sl

a=1i"+p+npol(y—1)=olir(l-6)= (5d)

where 7 is the Lagrange multiplier associated with the wealth constraint (4b’). Equations
(5a) and (5b) describe the consumptions of the two goods as fixed fractions of overall
consumption expenditure, expressed in terms of domestic output. Equation (5c) is the
solution for the aggregate consumption-wealth ratio. As well as depending upon the
preference parameters (6, p,v), and the parameters pertaining to the stochastic shocks
(p, ag), it also depends upon the portfolio share, np, the solution to which is obtained
from (5d) and given in (6) below. Note that in the logarithmic case, v = 0, this reduces
c _

to the well known constant ratio, 7 = p.

Solving (5d) for ng, we obtain



_i"+p-a_ 4(1-6)
B T Ty R )

which together with (4b’) yields the equilibrium portfolio shares of the two assets. This ex-
pression highlights the two factors determining the optimal nz. The first is the speculative
component, which depends upon the differential expected real rate of return (:* + p — «a)
(expressed in terms of the domestic good), while the second reflects hedging behavior on
the part of the investor. Note that the domestic economy may be either a net creditor
(nF > 0) or a net debtor (np < 0) and it is also possible for ng < 0. However, for exposi-
tory convenience, we rule out this last case, assuming that domestic residents always hold
some positive fraction of domestic capital in their portfolios.

Substituting (4b'), (5a), and (5b) into the accumulation equation (4c'), we see that

the equilibrium rate of wealth accumulation is

daw

. C
W= a+("+p—a)nr— —=|dt+npdu )

w

where the equilibrium ratio & and portfolio share np are obtained from (5¢c), (6). It

follows further from the constancy of the equilibrium % ratio, as well as the constancy

of the portfolio shares —‘%, %’}, that in equilibrium, the real quantities, C. X, and PB all
'
evolve proportionately to W. Denoting this common real growth rate by %, we thus

obtain

dK°_ d(PB) dW _ " C
T FE "W~ a+ (7 +p—a)np—W dt + npdu.  (8)

dX _dC
X c

Accordingly, the common real growth rate is seen to equal the rate of earnings on assets

less the consumption—wealth ratio.

To this point, everything has been expressed in terms of units of domestic output.

The fact that in equilibrium all real quantities so defined are proportional is a consequence
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of the constant elasticity utility function. the linear technology, and the fact that the
dynamics in real terms can be expressed by a single state variable. It will be observed that
aslongasa+ (i"+p—anp— ‘i‘ # 0, the equilibrium is one of steady growth or decline.
However. this can be shown to occur at a sufficiently slow rate, so as to be sustainable
in the sense of being consistent with the intertemporal budget constraint (transversality
condition) facing the economy.?

As noted previously, several authors have evaluated the real effects of terms of trade
shocks in terms of a general price index. It is well known that the constant elasticity utility

function in (4a) implies an exact price index, Q say, of the form

Q=Np—*t (9)

where N is a constant. Deflating expenditures by @ yields real quantities expressed in
terms of the domestic consumption bundle. Stochastic differentiation of (§) implies®

d

-QQ =1-6p— %9(1 - G)a:] dt + (1 - 8)du. (10)

The real rates of return expressed in terms of the domestic consumption bundle are
1
dRs=[a—(1-6)p+ 5(1 —6)(2—f)oildt — (1~ O)du = ridt — (1 - 8)du  (11a)

. 1
dRp =["+8p— 50(1 - 9)a§]dt + 8du = r'izdu + 6du. (11b)

Using these definitions of the expected returns r§, r’, the equilibrium portfolio shares
of the two assets, determined by (6) and (4b') can be written in the convenient form
R —Tg

np:———ag(l_’r) +(1—€) (12‘1)
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! ’
e —T
S F /]

ng = .
il -1)

(12b)

With the expected real rates of return, upon which the speculative components are based,
now being expressed in terms of the domestic consumption bundle, the hedging components
become (1 — 8),8, respectively. That is. the fraction of the foreign and domestic asset
to be hedged should equal the fraction of the corresponding commodity in the overall
consumption bundle.

We now define real consumption, capital, stock of bonds, and wealth in terms of the
domestic consumption bundle by:
w

w=E —

o

By stochastic differentiation of these quantities, it can be easily shown that c, k, b, and w

-
1

Q

[

(o] BP
— k= =—
Q "=

now all follow the identical stochastic process

de dk db

c k b

au

w
w

(13)

c
= a-(l——9)p—VV—+nF[(i'+p+a)—(l—9)0:]-{--;—(1—9)(2—9)(7: dt

+nF — (1 — 8)]du.

Denoting this common growth rate by 4z and using the definitions of v and ri., this

equation may be written as
dz C
7= ng+(1"p—7"5)nF—W dt 4+ [np — (1 — 8)]du. (13"

Expressed in this way, the parallel between (13') and (8) becomes immediate. In terms of

the cliosen unit of measurement, all real variables must grow at the same steady rate.
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3. TERMS OF TRADE SHOCKS AND GROWTH

Equations (8) and (13) provide the information pertaining to how changes in the
terms of trade impact on the real growth of the economy. A comparison of these two
relationships indicates the importance of the choice of units and both shall be discussed in
turn. Critical elements in understanding the behavior of the growth rate are the response
of the portfolio share np and the consumption-wealth ratio %, and we therefore begin

with a consideration of these.

Differentiating (5¢) and (6) we can establish:”

e _ Y, Onr_ (4p-a)
dp  ai(l-v)" 7 Bk ei(l-7)
AC/WY v i v e —r
A =T 0=l = o ()
sle/w) _ v [ 4p—a)
3or CI-ar | e a-0a- "Y")] :

These effects are essentially modifications of early results obtained by Levhari and Srini-
vesan (1969), Sandmo (1970). and others. analyzing the effects of uncertainty and rates
of return on savings and consumption. An increase in p will raise the expected return on
foreign bonds, leading to an increase in np. It also increases the rate at which the relative
price of the imported good is expected to increase. Whether an increase in p results in an
overall positive or negative net real return to the domestic agent depends, upon whether
nr 2 (1 —6). If, for example, the net effect is positive, it follows from the results of
Levhari and Srinivasan that the consumption~wealth ratio will fall if the elasticity v > 0,
and rise otherwise.®

An increase in the variance 17;' will lead the agent to reduce his speculative position
in the foreign bond; i.e., to decrease np if i* + p > « and to increase np if i* +p < a. As

shown by Levhari and Srinivasan the increase in the uncertainty of returns will lead to an
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increase in the % ratio if v > 0, and a reduction if 4 < 0. In addition, the higher variance
will raise the uncertainty associated with future changes in the terms of trade and this

tends to have the opposite effect on the % ratio.

A.  Growth in Terms of Domestic Output

From equations (7) and (8), the following responses can be derived

dX \
cov —R—,du =nro,dt (14a)
9 (E(dX)\ _[.., _ \onr alc/w] . (2—-1)
2 (EE) - [ er-aFrne - TN @ - EDnra

5‘3_(?.(%)) - [(i«+p_a)%—%} dt

TS

(14c)

1 [(z —7)(i* +p—a)?

2(1—v)? a3

— (1= 0)(1 = )| e
P

a dX {2 2 Onp _ 24(1 - 8)
552 (var < X )) = (nF+2npap 8012, dt = —np np+1—_7— dt. (14d)

Equation (14a) indicates that the effect of an unanticipated deterioration in the terms

Y

of trade, i.e., a positive shock du on the current rate of growth, depends upon the sign
of np. i.e., whether the economy is a net creditor or a net debtor. In the former case,
g when ng > 0, a stochastic deterioration in the terms of trade raises the real rate of return
on traded bonds, expressed in terms of domestic output, leading to an increase in the
dw

* rate of accumulation of wealth, ¥ and therefore in the ratio of savings to wealth. With

the equilibrium consumption-wealth ratio and the portfolio shares being constant over

11



time, it immediately follows that the rates of growth of real consumption, capital, and
domestic output, and the rate of accumulation of traded bonds. all expressed in terms
of domestic output, also increase at the same rate as wealth. The additional savings are
therefore distributed across the assets in proportion to their respective portfolio shares.
These effects are reversed—in which case the HM L effect holds—if and only if the country

is a net debtor.

The effect of an increase in the anticipated rate of appreciation of the relative price p
on the expected real growth rate is reported in (14b). It is equal to the difference between
its impact on the total expected rate of earnings and the consumption-wealth ratio. This
net effect depends upon ng in much the same way, and for much the same reason, as does

the effect of an unanticipated shock du.

In general, the effect of an increased variance in the terms of trade on the expected
growth rate depends to an important degree upon the elasticity 4. To consider this, it is
convenient to begin with the benchmark logarithmic case, ¥ = 0, when the higher variance
is seen from (14c) to have an unambiguously adverse effect on the expected growth rate.
To see why, consider the case where np > 0, so that the expected return on foreign bonds
exceeds that on capital. The increase in ¢? will cause a substitution away from the higher
to the lower earning asset, causing a decline in the overall expected real rate of return,
and therefore in the expected rate of growth. The case where ng < 0 can be reasoned
similarly.® If v < 0, so that the coefficient of relative aversion r > 1, an increase in o3
continues to have an adverse effect on growth. This is because the reduction in earnings
more than offsets any possible rise in % However, when v > 0, it is possible for an
increase in a§ to be growth enhancing. For example, this will be so if ¢* +p —a = 0,
when the only effect of the higher variance is to reduce the & ratio, thereby increasing
the growth rate.

Equation (14d) describes the impact of an increased variance in the terms of trade

on the variance along the real growth path. This consists of two offsetting effects. On

12



P .
= will increase the variance

the one hand, for a given portfolio share nr, an increase in a;

along the real growth path. But at the same time. the higher o2 will induce a reduction
in the country's position in traded bonds, thereby reducing the impact of a given variance
a;’ on the variance of the growth path. Which effect prevails depends upon ng and v. For
the logarithmic utility function, the portfolio adjustment is the dominant effect, so that
on balance, and rather paradoxically, more variability in the terms of trade will actually
stabilize the real growth path. As a second example, consider the case where r'y = ', so
that np = (1 — 6); see (12a). In this case, the higher variance will be stabilizing if and

only if ¥ > —1 or equivalently r < 2.

B. Growth in Terms of Domestic Consumption Bundle

Analogous kinds of propositions can be derived from a consideration of equation (13),
which expresses the rate of growth (denoted by 5‘:—’ ) in terms of the consumption bundle.

Parallel to (14), we can establish the following:

cov (‘%’,@) =[nr—(1-8)loldt (15a)

9 (E(d)\ [0, _,.dnp (O ory a[C/ W)
_( )_[010 et )T e Y

(15b)

- (2;1) (nr — (1 —6))dt

K (E(dz)) _ [iir_'s+ (rly — 7_,5)925 (a_r'p_ _ BL’S) e — a[C/W]] &t

Z ) = 2 2 2 2 2
do 2 I v 6«7,, aa,, 6aP Bap 6c'p

1 [(2—7)(1“ ool g ga-)+0 ~7)i] dt

R o}
(15¢)
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% [”‘" (g}” =[nr—(1-6) [ﬂ-F —{1 —9)+QG§B”F] dt

2
832

(15d)

= —[nF —(1-6)) [np+r,1—9) (1“:—9] dt

From equation (15a) it is seen that the effects of an unanticipated adverse terms of
trade disturbance on growth in terms of the consumnption bundle depends upon np—(1-6).
While a positive disturbance du will raise the rate of return and the accumulation of
wealth, to the extent that np > 0, the effect on real wealth, now measured in terms of
the consumption bundle. is offset by the higher price of the proportion of goods imported,
(1 —9). Asin Section 3.A, everything is driven by real wealth (now redefined), and for
the same reasons as before. Thus, an adverse terms of trade shock will increase the rates
of growth of real consumption expenditure, capital and output, and the réal accumulation
of foreign bonds, with all real quantities now being measured in terms of cost of the
consumption bundle, if and only if np > (1 — ). Alternatively, the HLM proposition will
hold, in the sense of an adverse terms of trade shock being associated with a decline in
savings and the real accumulation of traded assets, if and only if np < (1 — 6); ie., if and
only if the share of traded bonds in the portfolio of domestic investors is less than the
share of foreign output in the overall consumption bundle. In the case where these these
two shares are equal, the growth of the real domestic economy, so defined, is independent
of the foreign price disturbance.!?

The result in (15a) is identical to that obtained by Stulz. although he emphasizes it in
a somewhat different form. He establishes that real consumption covaries positively with

the terms of trade 1/P (negatively with P) if and only if

Ts > TR

Recalling (11a), (11b) and (12a), we can easily show that
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re—rp=la—i"—p+ (1~ G)U}f]dt =[1-6)— 71;‘]05(1 — y)dt

implying that

sgn(rg — %) =sgn[(1 — 6) — np] = —sgn cov <E du> , (15)
z

which is precisely the Stulz proposition.

Equation (15b) describes the effect of an increase in the expected rate of change of
the terms of trade on the expected real growth rate. It is qualitatively the same as for
the unanticipated shock, as before. It thus follows that the criterion derived by Stulz
for determining the nature of the covariance between current terms of trade shocks and
current growth. cxtends to the relationship between the expected terms of trade shocks
and the expected growth rate.

Comparing {15¢) with (14c), one can see that an increase in the variance of the terms
of trade has a more positive (or less negative) effect on the expected real growth rate,
defined in terms of the consumption bundle, than on the expected growth defined in terms
of the domestic good. This is because the increase in 0% reduces the expected growth
rate of the cost of living index, thereby providing a stimulus to growth in the economy.
It is possible for two growth rates to respond in opposite ways. This possibility can be
illustrated quite simply with the logarithmic utility function. In this case, an increase in
a: will always lower the expected growth rate E(dX)/X, but it will raise the expected
growth rate E{dz)/z as long as 2(i* + p — a)? < (1 - 6)(2 - 6)a}.

Finallv, analogous to the previous case, an increase in the variance of the terms of
trade may either stabilize or destabilize the variance of the growth path, now measured in
terms of the consumption bundle. A constrast with the previous case does arise for the
logarithmic utility function. While an increase in ag reduces the variance of the growth

rate of domestic output, it also incrases the variance of the domestic cost of living. The net
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effect on the variance of the growth rate of the consumption bundle depends upon which
effect dominates. k

At this point, it is instructive to reflect briefly on these results from the perspective
of the existing deterministic literature. First, whether described in terms of (8) or (13),
the equilibrium is one of steady stochastic growth. This is a consequence of the linear
technology and the constant elasticity utility function. Consequently, our discussion of
the terms of trade shocks pertain to the effects on growth rates. While this is natural
here (as in Stulz), it does contrast with much of the literature which focuses on levels.
Secondly, the counterpart to the price shock considered in the deterministic literature is
P itself. In the present case a nonstochastic increase in P would have no effect on the
equilibrium described by (8) or (13). All it would do would be to lead to a corresponding
reduction in Cz, leaving the expenditure share P—gl, and everything else, unchanged. This
is perfectly consistent with say the Sen—Turnovsky (1989) model, which being based on
the intertemporal optimization of an infinitely lived agent with capital accumulation, is
probably the closest deterministic analogue to the present analysis. The reason why a
change in P does have an effect in that model is through the endogeneity of labor. As the
authors observe, if labor were fixed, as it is here, the capital stock which is the driving force
of the dynamics, would no longer respond to a change in P, and the adjustment would
degenerate precisely as it would here; see Sen and Turnovsky (1989, p. 246). The fact that
there is no exact counterpart in the deterministic literature to the shocks considered here,

underscores the significance of addressing this issue within a stochastic framework.

4. THE CURRENT ACCOUNT AND TRADE BALANCE

The two measures pertaining to external activity, considered in Section 3. namely
d(BP)/BP.db/b, describe the real growth rates of foreign bond holdings expressed in
terms of domestic output and the domestic consumption bundle, respectively. While each

represents a perfectly valid measure of the external account, neither corresponds to the
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usual measure of the current account. Nor does it exactly reflect the balance of trade,
which was the concern of the original Harberger paper.

The balance of trade expressed in terms of the domestic good is defined by

dZ = dY — Cdt — dk. (16)

The conventional definition of the current account, expressed in terms of the domestic

good. is thus!!

(P +dP)dB = dZ + i* PBdt. (17)

The left hand side of this equation may be written as,

oo 22022

which differs from the real growth rate, dX/X, by the netting out of the capital gains
component dP/P.
Substituting for d(BP)/BP from (8) and dP/P from (1), we obtain the following

expressions for the current account and trade balance

(P +dP)dB = BP [(a -p+(i"+p—a)np— %) dt — nsdu] (18a)

dZ = —-BP [(% + (" +p- a)ns> dt + nsdu} . (18b)

From these two relationships, we obtain

cov[(P + dP)dB, du] = covldZ, du] = —Knroldt. (19)
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Thus we see that a positive shock in the relative price of the import good (i.c., an unantic-
ipated deterioration in the terms of trade), will lead to a deterioration in both the current
account balance. as measured by (17), and the trade balance if and only if the country is
a net creditor (ng > 0). In this case the HLM effect holds. This is in direct contrast to
the effect on the savings rate and the real growth rate of foreign assets which were both
shown to respond negatively to an adverse shock in the terms of trade if and only if the
country is a net debtor (np < 0). The difference is accounted for by the exclusion of the
capital gains dP/P, which contributed positively to the rate of growth as defined in terms
£.12

of domestic outpu

Likewise, the current account expressed in terms of the cost of living units € is

(P+dP)dB __dZ _ i"PB
Q+dQ Q+dQ " Q+4dQ

(20)
the lef{: hand side of which can be approximated by

228, (4-2)(- )

Q Lt Q@ P R/l
Substituting for db/b,dQ/Q, and dP/P, from (13), (10), and (1), respectively, the real

current account and trade balance, now measured in terms of the consumption bundle, are

dB C
% =5 [(a—p—_ﬂ_f— + (" +p~a)nr +ns(1 ——9)0}2,) dt — nsdu} (21a)

7700 j—ZdQ =5 [(—‘—% +ns((1~8)a) —(i"+p— a)]) dt — "Sdu] : (218)

The covariances between these measures and a stochastic shock in the terms of trade are
now
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cov

(P +dP)dB d} [ dzZ ] 'y
——— . du| = cov =

0+d0 m,du ——O—-npo;dt. (22)

Comparing this expression to (19), we see that the proposition that an unanticipated
deterioration in the terms of trade will have an adverse effect on the current account or
trade balance if and only if the country is a net creditor, holds irrespective of the choice
of units. This is in contrast to the measures of real growth discussed earlier.

It is straightforwa:ci to analyze the effects of changes in the parameters of the proba-
bility distribution characterizing the terms of trade on the expected current account and

balance of trade. as well as their variances. However, we do not pursue these issues here.

5. TERMS OF TRADE SHOCKS AND WELFARE

The results discussed so far have been describing the effects of the terms of trade
disturbance, and characteristics of the probability distribution generating it, on various
measures of economic performance, pertaining to growth, real expenditures, and external
balance. But what ultimately is of concern, and what these measures are presumaBly
attempting to proxy, is economic welfare. Ve now address this question directly, by con-
sidering the welfare of the representative agent, as specified by the intertemporal utility
function (4a), evaluated at the optimum. By definition, this is equal to the value function
used to solve the intertemporal optimization problem.

As shown in the Appendix, for the constant elasticity utility function, the optimized
level of expected utility (welfare) starting from an initial real stock of wealth (in terms of

the domestic good) Wy, and relative price Py, is!®

Q(Wy, Py) = W py 109 (23a)
(I 0]

where
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A

-1
g78(1 — g)y7i-9 (%) 23h)
A

and —% is evaluated at the optimum determined by (5¢).}* The expressions in (23a) and

3=

2=

(23b) can now be used to assess the effects of the various parameters pertaining to the
terms of trade shock on the welfare of the representative agent. In considering the results
we shall obtain below, it is important to bear in mind that (23a) and (23b) imply that
Qy > 0.

An unanticipated permanent terms of trade shock du, which occurs at time 0 say, will
impact on both the initial level of real wealth Wy and on the relative price Py. The effect

on expected welfare, obtained by differentiating {23), is therefore

dPo / du

dUWo, Po) _ . [dWo/du
o —Q‘Y[ W -(1-0)——

Substituting for the percentage changes in wealth and price from (8) and (1) respectively,

yields

dQ(Ws, Po)
du

=Qy[np—(1—9)]EQ7fiz—id—u-. (25)
Thus it is seen that the effect of an unanticipated positive shock in the terms of trade on
welfare is proportional to its effect on the real growth rate -z— measured in terms of the
consumption bundle. While the positive shock will increase welfare through the higher
rate of return, this is offset by the adverse effect on the cost of living. In the limiting case
of the logarithmic utility function, (v = 0) it can be easily verified that Qv — %, in which

case (25) becomes’®

AW, Py) _

1 '
- ~lhr—(1-0)l. (25

20



In this case, the effect on the real growth rate 4%, capitalized at the discount rate p provides
an accurate measure of the welfare effect of the unanticipated shock.
The effect of an increase in p on welfare can be shown to be

dQUWo. Py

) _q(q - ndCM)dp _ Oy
dp

c/wW /W

nFp—{(1-8) (26)

and analogous to the unanticipated shock this also depends upon the effect on the real
growth measure dz/z. Of greater interest is the effect of a higher variance in the terms of

trade on welfare. This is given by!®

AW, P, dC/W)/de?
e L
(27
_ QO oY1 gy )
= sy [ O o7

Again, there are two effects. On the one hand, the higher variance in the relative price
will, for a given portfolio, raise welfare. This is because the value function in (23) is convex
in P. At the same time, the higher variance will reduce the rate of wealth accumulation.
The net effect thus depends upon which of these two effects dominates.

The result that a risk averse country may be made better off with an increase in the
variability in its terms of trade, is actually not new, although the present intertemporal
framework within which it is established, is significantly different. This result was first
obtained in the case of an individual consumer facing stochastic prices by Waugh (1944),
using an analysis based on linear demand functions and consumer surplus welfare measures.
It was found to hold in more general cases for risk averse consumers by several authors
including Hanoch (1977), Turnovsky, Shalit and Schmitz (1980). The finding is also a
manifestation of the result, obtained in the 1970's, that the gains from trade may increase
when there is uncertainty; see e.g., Turnovsky (1974), Anderson and Riley (1976). But in

contrast to the present approach, these analyses were all based on static welfare measures.
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6. CONCLUSIONS

This paper has investigated the impact of changes in the terms of trade on the eco-
nomic performance of a small economy. Both the effects of unanticipated shocks and
changes in the probability distribution generating these disturbances have been discussed.
In all cases, the key element determining the response of the economy is the effect on the
rate of growth of real wealth, to which in our analysis, all other real quantities are tied
directly in equilibrium. The response of the common real growth rate depends to an impor-
tant degree upon the choice of unit of measurement. Thus, an unanticipated deterioration
in the terms of trade will raise the rates of growth of real wealth. savings, consumption
expenditures, and stock of traded bonds, all measured in terms of the domestic good. if and
only if the country is a net creditor. Conversely, these rates of growth will all be adversely
affected and the Harberger-Laursen-Metzler effect hold, if and only if the country is a net
debtor.

In the case where real quantities are defined by deflating by the exact cost of hving
index, an unanticipated deterioration in the terms of trade will generate positive or negative
real growth, depending upon whether the fraction of foreign bonds held in the portfolio of
domestic investors is greater than, or less than, the share of foreign goods in its consumption
basket. The conditions for the HLM effect to hold may therefore be substantially less
stringent than in the previous case.

But even when the HLM condition does prevail, the mechanism is very different from
that characterizing the original discussion of the issue. In the early analyses, the result is
driven largely by the fact that in order to maintain consumption in the face of an adverse
terms of trade shock, savings must be reduced, thereby generating a current account deficit.
By contrast, in the present analysis, it is generated by the adverse effect the terms of trade
shock may have on the rate of return on savings, thereby reducing the rate of wealth
accumulation and the corresponding equilibrium rate of consumption.

The effects of anticipated changes in the terms of trade and its variance have also
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been considered. Sharpest results pertaining to the effects of the latter are obtained for
the logarithmic utility function. In particular, in this case a larger variance in the terms of
trade will have an adverse effect on the expected growth rate, in terms of domestic output.
But at the same time it reduces the expected growth in the cost of living, thereby having
a positive impact on the expected growth rate in terms of the overall consumption bundle.
Somewhat paradoxically, a higher variance will stabilize the real growth path, as measured
in terms of domestic output. However, the variance of the real growth path measured in
terms of the consumption bundle may either increase or decrease. These results are subject
to some modification for more general forms of the constant elasticity utility function.

In discussing the effects of the terms of trade shock on the external account, we have
distinguished between the real growth rate of foreign asset holdings, and the more usual
measure of the current account which abstracts from the capital gains on existing bonds.
Irrespective of the units in which real quantities are being measured, this more conventional
measure of the current account will be adversely affected by an unanticipated deterioration
in the terms of trade, if and only if the country is a net creditor. The same applies to the
trade balance, which was the focus of the original Harberger analysis. Overall, whether
the HLM effect holds, depends upon what precisely the measure of real external activity
is, as well as the units in which it is being measured.

Finally, and most importantly, we have addressed the question of how terms of trade
shocks impact on economic welfare, as measured by the expected discounted utility of
the representative agent. We have found that an unanticipated terms of trade shock will
impact on welfare in precisely the same way as it does on the growth rate measured in
terms of the consumption bundle. It is also possible for a higher variance in the terms

- of trade shocks to be welfare improving. This result parallels that of previous analyses

assessing the welfare effects of price uncertainty on consumers and small economies.



APPENDIX
The consumers stochastic optimization problem is to choose consumption and portfolic shares to
~1
Maz ED/ = [Cieyo)T emrtat (d.la)
o

subject to the stochastic wealth accumulation equation and price evoiution equation

dw

T Ydt + nrpdu (A.1b)
dP
?-=pdt+du (A.1c)
and portfolio shares adding up condition
ns+nrp=1 (A.1d)

where for notational convenience

- C, P
Y =nsa+np(i +p)——l-— ng.

We define the differential generator of the value function V(W, P,t) by

7
cvw p= S uw I 4 pp Tl
(42)
1 20V 1 s2p28Y v
+ 2n,~0 2(y 8W7 P Y15 + npo; PW@PaW

Given the exponential time discounting, V' can be taken to be of the time separable form

VW, P,t) = Q(W, P)e#.

The formal optimization problem is now to choose C),Cs,ns , and np to maximize the Lagrangean

expression

z“"% [CICi~")" + Ll (W, P)} + -;le-ﬂu —ns—nrl. (A.3)



Taking partial derivatives of this expression and cancelling e~ vields

glcici~" ciiek = (A.4a)

(=6 [cici~]"" cicy® = Pay (A48)
aWQw =17 (A.4c)

(" +P)WQw + nra; W Qww + 02 PWQpw =7 (A.4d)
ng+np=1 (A.de)

These equations determine the optimal values for Cy,C;,ns,np,n, as functions of the partial derivatives
Qw,Qww,Qpw, of the value function. In addition, this function must satisfy the stochastic Bellman
equation

1 - _ -
&% b [l e+ Lle~aw, P)] | = 0. (A5)

This involves substituting for the optimized values obtained from {A.4) and solving the resulting partial

differential equations for Q(W, P), namely

5 [é{é,‘“'r — pUW, P) + 9WQw + pPQp

1.

(A6)
+ 3P W ww + —;—a:PZQpp + fpa; PWQpw = 0

where denotes optimized values.
The solution strategy is by trial and error, finding a solution Q(W, P) that satisfies both the optimality

condition and the Bellman equation. We postulate a solution of the form

QW, P) = pW P* (A7)

where 3, z, are to be determined. This equation immediatety implies



Qw = SYWT™1PF; Qp = JzWTPY Quw = By(y - WT2p*

Qpp = fr(z — DWIPT2 Qpy = dyzW 7=t pr-t

(4.8)

To solve, we begin by dividing (A.4a) by (A.4b). Combining the resulting expression with the definition

of expenditure, C = C) + PCy yields the expenditure shares
G, =8C
PC;=(1-6)C
so that
cley™ =6°(1 - g)!-*c P9,
Substituting the expressions for Cp,Ca, and Qw back into (A.4a) leads to
C= [ﬂ70""(1 - 0)—7(1-')p=+1(l-')] T w
Next, substituting from (A.8), (A.9) and (A.10) into the Bellman equation (A.6) we obtain

%oﬂ*—’r(l — 6y S () T Pl 0= OlET _ gy pe
) 1
+ YW P” + BzpWT P* + 5&;«5(137)(7 — )W Pt

+ %agﬁz(z - 1YW P* + Apa; fyz W PT = 0.

This consists of terms involving W and P raised to constant powers.

The function (A.7) will be a viable solution if and only if

z=—1(1-0)

in which case (A.10) reduces to

(A9)

(A.10)

(A1)



C= By~ (1 — g)71=9 i % (A.10"

Canceiiing the terms W7 P* ‘recalling z = —y(1 — 6)) in (A.11), and noting the definition of v we find that

J is the solution to

(1= BT = 0 4 afiisat ari® +p)] - p
—pr(1-0)+ %ﬁidﬁ‘r(v -+ % 29(1 - 8)[y(1 - 0) + 1]

+araly (1-6)=0.
Using (A.4c) and (A.4d), in conjunction with the relevant terms in (A.8), enables the solution for % and

the constant § to be expressed in the following form

C TN (=)
(oS (-0

(A4.12)
_ 1 1.2 2 1.
=TTV +7lp(1 = 8) = o] - 2Akop(1 - 7) - 5oly(1 - 01 +7(1 - 8)] .
The solution for the value function is therefore
QW, P) = gwTp-ri=0 (A4.13)
where J, obtained from the first equation in (A.12), can be written as
~ 1
1 Cc\""
= 2781 — gyr-0 { &
B b ( ) W (A.14)

and the optimal consumption-wealth ratio is obtained from the second equation in (A.12). Note the fact
that equilibrium ;% > 0 implies By > 0. Equation (23) in the text corresponds to welfare starting from
initial values W = Wy, P = P,.

Finally, substituting for Qw,Qww, Qw p, into (A.4) yields the optimality condition (5). One can further

establish that the transversality condition

fim B [, p)] =0

is satisfied.



FOOTNOTES

1 am pleased to acknowledge the constructive comments of two referees.

!More recent authors measuring real quantities in terms of the exportable or domestic good include
Obstfeld (1982), Sen and Turnovsky (1989).

2See also, Svensson and Razin (1983), Persson and Svensson (1985), and Bean (1986).

3Reference should also be made to the related literature which analyzes the welfare effects of oil price
shocks; see e.g., Svensson (1984).

1The solution to the stochastic differential equation (7) is

W(t) = Woelor 6" +p=ome=F1 4 1 cfu(t) — wo)

with the transversality condition being

tim Ewe J 7 =0,
{00
The point about the slow rate of growth cau be seen most simply by considering the nomstochastic case,
when i* 4+ p = a. The solution for W in this case is
W(t) = Wyelo—Hlit

so that the transversality condition

H —al __
Jim W(t)e™™* =0

is obviously met.
5See e.g., Malliaris and Brock (1982) for a lucid discussion of the methods of stochastic calculus.

$Equations (11a), (11b) imply

r'p—rf;::i'—%-p—a—(l—(?)ag

from which (12a) immediately follows by substitution from (6).
TWe should emphasize that even though we choose Lo express scme of these derivatives, as well as some
of the effects reported in (14) and (15) in terms of np, the latter is endogenously determined in accordance

with the optimality condition (6).



8Gee, in particular equation (33) of Levhari and Srinivasan (1969). Some economic intuition of the
economic significance of the inequalities v E 0 is provided by Sandmo (1970). He shows how an increase in
capital risk gives rise to an income effect and a substitution effect. The inequality ¥ < 0 corresponds to the
case where the former dominates, while ¥ > 0 means that the latter dominates.

°If ng < 0, then a > i" +p. The increase in ag reduces the net indebtedness of the country and the net
stock of capital, and hence its rate of growth.

1945 noted by Stulz, by investing in the portfoio shares ng = f,ng = 1 — 8 the agent can create a
perfectly safe asset in terms of the real consumption bundle.

11Note that we are assuming that bonds are bought at the price P+ dP, rather than P. The difference
between these two involves terms of the second order which are unimportant in a world of certainty. But
with the variances of the stochastic terms being of the first order, this specification can be shown to be
necessary if the consistency of ex ante and ex post wealth accumulation is to be preserved.

12Formally, the relationship is as follows:

d 1
cov [%,du] =55 cov[(P + dP)dB, du] + cov [d?P,du]
=—-ng+1=np.

‘131 the case of the logarithmic utility function, one can establish

1 (1-8)

Q(Wo, Po) = bo+; InWo — InP,

where
1 ) 1. N
bo_=_; 0In0+(1—0)(1—6)+1np—1+;(n5a+np(t +p)
P Log 2 1 2
- ;(1 —-8)— E"FUP + Ep(l - 8)op.

14We shall assume that the equilibrium C/W ratio is positive.

15From (23a), (23b) one can establish

A
y-1
i — % ~7(1=0)gy8 1 _ pyr(1-8) g
tim 0y = i W71 - o0 (2



81 the limiting case of the logarithmic utility function we obtain

dQ(W,, P 1
% = ;;{ﬂr -(1-9)]
dQ(Wo, Py) _

! a
W ﬁ[(l—a)—"rl-



REFERENCES

Anderson. J. and J. Riley, “International Trade with Fluctuating Prices,” International
Economic Review 17, 1976, 79-97.

Bean, C.R., “The Terms of Trade, Labour Supply, and the Current Account,” Economic
Journal Supplement 96, 1986, 3846.

Hanoch, G., “Risk Aversion and Consumer Preferences,” Econometrica 45, 1977, 413-426.

Harberger, A.C., “Currency Depreciation, Income and the Balance of Trade,” Journal of
Political Economy 58, 1950, 47-60.

Laursen, S. and L.A. Metzler, “Flexible Exchange Rates and the Theory of Employment.”
Review of Economics and Statistics 32, 1950, 281-299.

Levhari, D. and T.N. Srinivasan, “Optimal Savings Under Uncertainty,” Review of Eco-
nomic Studies 36, 1969, 153-163.

Malliaris, A.G. and W.A. Brock, Stockastic Methods in Economics and Finance, North-
Holland, Amsterdam, 1982.

Matsuyama, K., “Terms of Trade, Factor Intensities, and the Current Account in a Life-
Cycle Model,” Review of Economic Studies 55, 1988, 247-262. _

Obstfeld, M., “Aggregate Spending and the Terms of Trade: Is There a Laursen-Metzler
Effect?” Quarterly Journal of Economics 97, 1982, 251-270.

Persson, T. and L.E.O. Svensson, “Current Account Dynamics and the Terms of Trade:
Harberger—Laursen-Metzler Two Generations Later,” Journal of Political Economy
93, 1985, 43-65.

Sandmo, A., “The Effect of Uncertainty on Savings Decisions,” Review of Economic Studies
37, 1970, 353-360.

Sen, P. and S.J. Turnovsky, “Deterioration of the Terms of Trade and Capital ‘Accumu—
lation: A Re-examination of the V‘Laursen-—Metzler Effect,” Journal of International

Economics 26, 1989, 227-250.



Stulz. R., “Capital Mobility and the Current Account,” Journal of International Money
and Finence 7, 1988, 167-180.

Svensson, L.E.O., “Oil Prices, Welfare, and the Trade Balance,” Quarterly Journal of
Economics 99, 1984, 649-672.

Svensson, L.E.O. and A. Razin. “The Terms of Trade and the Current Account: The
Harberger-Laursen-Metzler Effect,” Journal of Political Economy 91, 1983, 97-125.

Turnovsky, S.J., “Technological and Price Uncertainty in a Ricardian Model of Interna-
tional Trade,” Review of Economic Studies 47, 1974, 201-217.

Turnovsky, S.J., H. Shalit, and A. Schmitz, “Consumer’s Surplus, Price Instability, and
Consumer Welfare,” Econometrica 48, 1980, 135-152.

Waugh, F.V., “Does the Consumer Benefit from Price Instability?” Quarterly Journal of
Economics 58, 1944, 602-614.





