





















































defined in equation (7).

Figure 3 shows the effect of fluctuations in R, on the return to both assets and the
whole portfolio. In this example, if E(R.,, ) is about 1.6, no reallocation of capital will
occur and the expected net return on capital (e.g., p,, - 1 - 8) will be about 45. In
every case we simulated, a mean preserving spread in R, reduced the expected return to
investment in the traded goods sector (i.e., p,,; is concave in R;). Similarly the return to
investment as a whole is concave in R, (this was the case in every simulation we
examined). This implies that increases in real exchange rate uncertainty reduces overall
growth because the expected return to capital falls.

Note that the parameter set for Figure 3 produces a hysteresis effect, similar to
that found by Krugman (1988). A mean preserving spread in the real exchange rate
increases the expected return on nontraded goods, but reduces it for traded goods. This
makes investors more reluctant to move into the traded goods sector even at real
exchange rates that would have attracted investment before uncertainty increased. One
effect of uncertain is that it raises the real exchange rate or the rate of devaluation
required to shift resources into the traded goods sector.

Another set of parameter values are illustrated in Figure 3A. In this case a
mean preserving spread in R, lowers the expected return in both sectors, reducing overall
investment unambiguously. Note that these results are for sectoral capital stocks.
Because we have assumed logarithmic utility, uncertainty has no effect on the overall
rate of wealth accumulation (to see this note that the expect growth rate (K,,,- K) does

not depend on R,,,). Increasing risk does cause capital to be reallocated between sectors

16




Figure 3

Net Return to Capital (see equations 10 and 11)
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(that is the portfolio share parameter h, does depend on expections of R,,; ). To make
some statements about how real exchange rate undertainty affects overall GDP growth

growth rate condition on R, we can add a foreign asset.

V. GDP Growth with Foreign Assets

Given the extent of the "capital flight" problem during the 1980s, investors in LDCs
clearly have the option of switching to foreign assets. Suppose we allow investors to
choose a portfolio including three assets, traded and nontraded sector capital stocks and

foreign bonds, B, The national resource constraint now becomes

R
C,+1, +RB = QK  + R,_‘(l +r’)B, (21)

-1

and total wealth is now,

W, = RB, + K, (22)

Generalizing to three assets is straight forward. We need only define two assets
shares such that h, + h,, + h, = 1 where hy, hy, and h,, are the shares of foreign
bonds, nontraded goods, and traded goods capital. The first order conditions become

g|Pe] - 1; E Ve 1, E Orut =1 (23)
wnl mt+1

wﬂl
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where 8, = (R/R,))(1 + r’). The only substantive change in the problem is the serial
correlation introduced in the asset returns by the lagged value of R“ Asset refurns are
no longer i.i.d. but as long as R, is ii.d. the solution strategy goes through.®

Since the return to bonds, 8, is always linear or convex in R,, concavity in the
returns to domestic capital are sufficient to predict a shift from domestic to foreign
assets and thus a fall in GDP growth. Note that because of logarithmic utility, GNP
growth is still unaffected by increases in uncertainty. For most of the parameter values
considered, both returns to traded and nontraded capital were concave in R, over the
relevant range of the real exchange rate. The other possibility, illustrated in Figure 3, is
that a mean preserving spread in R, creates a portfolio shift from nontraded goods into
both nontraded and foreign bonds.

Because we cannot analytically sign these relationships, whether such concavity
exists is an empirical issue. We now try to discern whether real exchange rate

uncertainty has the hypothesized affects on output growth in Latin America.

VL. Real Exchange Rates and Qutput Growth in Six Latin American Countries

This section reviews some empirical evidence on the relationship between real exchange
rates and output growth for six major Latin American countries. Following the basic
approach of Edwards (1986 and 1989), we use an aggregate growth equation which

includes various proxies for domestic monetary and fiscal policy as well as external

‘See Brock (1982), Craine (1988) and Basu and McLeod (1992a and 1992b) for
examples of how to solve this portfolio problem.
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variables such as output growth in the OECD countries and terms of trade changes. As
in Edwards (1989) we used both anticipated and unanticipated money growth as proxies
for monetary policy and various measures of government consumption expenditures as
fiscal policy proxies.

Our estimation strategy involved estimating separate times series regressions for
the six major Latin American countries (Brazil, Chile, Colombia, Mexico, and
Venezuela) and then to test for homogeneity across regions by constraining set of SUR
estimates various grouping three countries. Tests for both the real exchange rate
coefficient and for other policy variables rejected these cross-equation restrictions
decisively, suggesting that in particular the impact of real exchange rate changes varies
substantially among even this group of Latin American economies..

Since panel estimation could not be justified, Table 1 presents three-stage least-
squares results for the two groups of countries using annual data. The coefficients
reported are the sums of the coefficients for all significant lags of the right hand side
variables.” These SUR estimates can improve the efficiency of the coefficient estimates
in the presence of correlated shocks to output across countries. Since the real exchange
rate and some of the monetary policy proxies are endogenous (they depends in part on
nontraded goods prices) an instrumental variables estimation technique was used as well.
Tests for real exchange rates and output levels suggest both series were difference but

not trend stationary (see also McLeod and Basu (1992) for evidence using longer time

"The lags varied from O year to 2 years depending on their significance. A full set of
estimation results is available from the authors upon request.
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series) so in every case the log GDP growth rate is the dependent variable, Similarly
the exchange rate variable in log change in the trade weighted real exchange rate (in
constructing these real exchange rate indices we used the same weights as Edwards
(1989:124-25)).

The affects on output growth of real devaluation, terms of trade changes, changes
in interest rates on foreign debt, money growth, money growth surprises, and foreign
output growth are presented in Table 1. Real exchange rate devaluation has a positive
effect on real output growth in Argentina, Brazil, Colombia, and Venezuela but not in
Chile and Mexico. But in every country our variance proxy (the real exchange rate
squared) has a significant negative effect on output. In fact, in Mexico and Argentina
adding the variance proxy tended to reduce the significance or even reverse the sign of
the real exchange rate.

Because we included a quadratic term as a proxy for real exchange rate
uncertainty, we can calculate the critical real devaluation rate which make devaluation
contractionary (Table 2). The magnitude of real devaluations which will not affect
output growth is different across these three countries. This rate is the critical
magnitude of real devaluation in that real devaluations greater than this rate will cause
output growth to fall while smaller devaluations increase output growth. Most
importantly, however, we find that small devaluations increase output growth and large
devaluations decrease output growth in Argentina, Brazil, Colombia, and Venezuela.
And any size devaluation is contractionary in Chile and Mexico.

Terms of trade shocks significantly affect the output of all these countries. In
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Chile, Mexico, and Venezuela, an unexpected deterioration in the terms of trade
decreases output growth, Terms of trade changes have no effect on output growth in
Argentina, Brazil, and Colombia.® The results presented above show that the effects of
small terms of trade shocks can be mitigated with small devaluations in all countries
except Chile and Mexico. Output growth in all of these countries, however, cannot be

maintained by devaluation with the occasion of large terms of trade shocks.

VII. Conclusions

Focusing on a widely used two sector model of a small open economy, this paper
explored the impact of real exchange rate variability on growth and investment. Defining
the real exchange rate as the price of tradables relative to nontradables implies that the
main purpose of real exchange rate movements is to reallocate resources between these
two sectors. This reallocation requires changes in factor prices, such as real wages or
import prices. For a given stock of capital, additions of the variable input to either sector
result in diminishing returns to input use. Reductions in input use on the other hand
become increasingly costly as the marginal physical product of labor or import inputs
increases. This asymmetry in returns creates a concavity of output with respect to the
real exchange rate. An increase in risk or a mean preserving spread of R, thus reduces
expected output.

In the long run it is possible to model growth in this context as a sequence of

*Terms of trade changes do not affect Brazilian output growth in any of the
regressions we performed which are available upon request.
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portfolio decisions allocating capital between traded and nontraded goods production. In
this context an increase in real exchange rate uncertainty also reduces the expect return
to investment in tradables sector and often to nontradables. Adding a foreign asset to
the economy’s portfolio yields implies that an increase in terms of trade uncertainty
lowers long run GDP growth (but not GNP growth). These results are consistent with

our empirical findings.
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Notes:

and Money Growth on Output Growth

Table 1
Effects of Real Devaluation, Terms of Trade Shocks,

Dependent Variable: Log Changes in Real Output (Ay),Three-Stage Least Squares for two groups: Southern Cone (Argentina, Brazil, and
Chile) and Oil and Fuel Exporters (Colombia, Mexico, and Venezuela)®

Variabie/ const, Arer Arer? Att Am Amr Ay Godfrey-
Country Pagan Test
Southern Cone
Argentina 166" 0112 000118 0.0628 0012 0439  DW=19%9 Py=37n
(1965-88) (1.167) (0.036) (0.00048) 0.079) (0.0229) (0.2055)  Qp;y=963
Brazil g29™" 0.131™ 00136™" 0.0463" 0177 0411  DW=174 xipy=0.286
(1965-88) 0919 (0.057) (0.0027) (0.011) (0.0420) 0113} Q=86
Chile 276" -0.039 000756 0.076" 0.065" 0.798'" DW=209 Ky=462"
(1965-88) (1.23) (0.086) (0.00302) (0.053) (0.042) (0.198) Q=746
Oil and Fuel
Exporters
Colombia 392" 00786 000788 00385 0105"® 0317 DW.=1989 £ ,=366
(1965-89) (0.365) (0.0315)  (0.0028) 0.024) 0066)  (0076)  Qux=530
Mexico 576" -0.0145 001082 0278™ 01116 01757 DW=189 ¥py=201
(1965-89) (0.378) (0.0216)  (0.0012) (0.033) (0.0237) (00746) Q=788
Venezuela 2.95™" 0288 00095 004%™ 0223"® 0209 DW=2023  x%;=3%4
(1965-89) (0.870) (0.063) (0.0020) 0.0175) (0.109) (0235) Q=694

(a) All coefficients are the sums of the coefficients on 0 to 2 lags of the variables.

Variables: Arer = log change in real trade weighted exchange rate, Att = log change in the terms of trade, Ay=Ilog change in real GDP, Am = log change in

reserve money as a percentage of GDF, Ane = log changes of nominal trade weighted exchange rate, Ay’ = log change in real foreign GDP as proxied by U.S. real
GNP growth (Mexico and Venezuela) or OECD industrial production growth (Argentina, Brazil, Chile, Colombia) depending on the impottance of trading partners, i
= the nominal interest rate on new external debt commitments, Am = growth in money (M,), Amr = money surpriscs as measured as the residuals from a
regression of money (M,) growth on lagged money growth, lagged changes in the terms of trade, lagged foreign debt interest rates, lagged government spending,
lagged changes in nominal exchange rates, and lagged U.S. inflation.

Instroments: Different lags of Arer, Att, Am, Ay, and Ane.

b) The variable Amr was lagged one period in these estimates and are thus subject to the potential inference problems associated with lagged generated regressors

(Pagan 1934).

* indicates 10% significance, ** indicates 5% significance, and *** indicates 1% significance
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Table 2
Real Rates of Devaluation Which the Change in Real Output Growth to Fall (Arer’)

Arer’
Argentina 47.5%
Brazil 4.83%
Chile 0.00%
Colombia 5.00%
Mexico 0.00%
Venezuela 152%
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Appendix A
In this appendix, we show the solution method of the central planner in solving the
optimal portfolio and growth problem. More precisely, we show that the maximization
problem reduces to the maximization of equation (18) in the text.

The recursive solution follows Brock (1982), Craine (1989), and Basu and
McLeod (1992). Since the capital stock cannot be adjusted in the current period, the
country must take W, as given for a given realization of the real exchange rate R,
Therefore, the social planner choses only the shares of capital allocated to each sector,
h,. The social planner optimizes equation (15) subject to equation (12) which are

reproduced here as equation (Al) and (A2)

Eofj BrU(C) (A1)
i=1
y=C +1L=0QK, (A2)

Proposition 1: If U(C) = In(C), total wealth' evolves as W, = By, and there exists a
linear allocation rule, h, satisfying the first order conditions

E pt*l — E Tt"‘l
w W,

t+1
where o, is the total return on the country portfolio or w, = (1-h,,)p. + h.¥.

=1 (A2)

Proof: The value function can be characterized by Bellman’s equation

'Notice that in this model, wealth merely equals the sum of capital used in the
nontradables sector and capital used in the tradables sector.
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V,R) = maxflogly, - W) + BEV0,..R...] (Ad)

Using the method of undetermined coefficients, we conjecture that there exists

some linear allocation rule

K, = hK, K, = (1-h)K, (AS)

and a value function of the form

V() = =, + n,, + x,logy) (A6)

Substituting equations (A6) and (AS5) into (A4) yields

T, + T, + mlogly) =

maxlog(y, - W) + Bm, + BE(m,,,,) + Pm,Elog(hF , + (A - h)p,,,) + pr,logW,]
(A7)

Now the social planner chooses wealth to maximize equation (7). The first order
conditions reveal
T
W, = _9'2_3’: (A8)
a1 + Bmn,)

Substituting this solution into equation (A7) yields
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T, + Ty + mologly) =
max[n, + Pmlog(Pxn,) + PmJog¥,,, + (X - Ap,.y) + (A9)
BE[m,,,.J + (1 + Bmylog(y) - (1 + Pnylog(l + Pm))]

By matching coefficients on the left and right sides of equation (A9) we get

(1 - p) = 1 (A10)
_ Br,log(Bn,) - (1 + Brmlog(l + Pm,) (A11)
? 1 - p)
Ty = [BE:[“L:H] ¥ [(l ‘3 ﬁ))Etlog(htTm +(1 - h,)p"l)] (A12)

Finding the exact closed form solution to this mapping entails rewriting the last

term of (A9) as

AR) = Elogh¥,,, + (1 - h)p,.,) (A13)

We assume that R, is an element of a compact set. Then this term is a continuous and

bounded function of the real exchange rate R, where the share h, is conditional on R..
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Since R, remains in a compact set, then by the fixed point theorem for contractions’,
there exists a unique solution of (A9) mapping R, into ,, confirming the initial
conjecture about the form of V().

Now we conjecture that

Ty, = Ao ¥ MAR) (A14)

Substituting equation (14) into equation (12) yields

b+ AAR) - Bh + PAESRN + (R R (A15)

Assuming that R, is ii.d., Ef(R) is independent of the conditioning set which allows us

to use the method of undetermined coefficients. Solving for A, and A, yields

B
%, = A E[fR (A16)
()] ((1 _ p)) I~ l)]

b s ((1 : ﬂ)) (A7)

*By definition, If f has a domain D(f) contained in R and range in R", f satisfied a
Lipschitz condition if there exists a constant A > 0 such that

Ifx) - W)l < Alx - uf

for all points x, u in D(f). I A < 1, then the function is called a contraction.

Fixed Point Theorem for Contractions or the Contraction Mapping Theorem: Let {
be a contraction with domain R® and range contained in R®. Then f has a unique fixed
point. For proof see Bartle (1976:162) and Sargent (1987:343-344).
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Substituting the relations (A10), (A11), (12), into (A13) then with (A16) and

(A17) into (A6) yields
- p B 1
W = + | ——E + | — + fam———— (A18)
Oek) = 7, [(1 - s)r e [1 - ﬂ)]’m') [(1 - m}]"g@‘)

The only term in equation (A18) which involves h, is f(R,}. Therefore, the

maximization collapses to maximizing

Max Elog(h¥,,, + (1 - h)p,.) (A19)
as hypothesized in the text. Therefore the solution is

E ptfl
w

1+l

) E{‘*’m] 1 (A20)

mr+1

To see that this return is equal to 1 notice that hE{p,,/@.,;) + (1I-h)E{(¥.../ ©..1)
= 1. Since h, + (1-h,) = 1, each of these expected relative return must equal 1.

Finally, to see if our solution conforms to the well known result that wealth
evolves as a fraction B of real income y, or W, = By,, we substitute equation (A10) into

equation (A8) we see that

W, = K = Py, (A21)
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