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Export instability and the economic 
performance of developing countries 

Philip L. Brock* 
Duke Uniuersity, Durham, NC 27706, USA 

This paper explores the economic consequences of export instability by developing a stochastic 
optimal control model that is based on the maximizing behavior of a risk-averse representative 
agent. The model offers an analytical framework that can predict the consequences of export 
instability for the intertemporal choices of consumption, saving, and investment. The model’s 
results are then used to interpret the large existing body of empirical findings on the relation 
between export instability and savings, investment, and output growth rates. 

1. Introduction 

The impact of instability of export earnings on the economic performance 
of developing countries has produced a large volume of empirical and 
theoretical work since 1945. Much of the empirical work dates from a study 
by the United Nations (1952) on export instability in developing countries 
between 1901 and 1951. Formal theoretical work began much later and is 
generally traced to the article by Brainard and Cooper (1968). The empirical 
work - including MacBean (19661, Kenen and Voivodas (1972), and Moran 
(1983) - has generally been concerned with the empirical links between 
export instability and saving, investment, or the growth rate of output. The 
theoretical work - also including Kemp and Liviatan (1973) and Eaton 
(1979) - has been primarily concerned with the effect of terms-of-trade 
instability on labor-force allocation across two sectors of an economy. 

The theoretical work has not attempted to model the consequences of 
either terms-of-trade instability or export instability for intertemporal re- 
source allocation. This paper will develop an analytical framework that is 
based on the optimizing behavior of a representative agent in order to model 
explicitly the consequences of export instability for consumption, saving, and 
investment. The predictions of the model will then be used to interpret the 
existing empirical work on the relation between export instability and empiri- 
cal measures of savings, investment, and output growth rates. 

*I would like to thank Kent Kimbrough, Patricia Mujica, Lars Svensson, George Tauchen, and 
Stephen Turnovsky for comments on earlier versions of this paper. 
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The paper proceeds as follows. Section 2 presents the basic analytical 
model of an economy specialized in the production of an exportable good. 
Production follows a Wiener process, so that the innovations of output create 
export instability. The basic model is solved for the Bellman equation and for 
an expression of the rental of capital as a function of export instability. 
Section 3 assumes that the agent exhibits constant absolute risk aversion in 
order to solve for closed-form solutions for consumption, savings, and invest- 
ment. Section 4 adds adjustment costs to the investment process in order to 
generalize the model. Section 5 then examines the extent to which the 
empirical literature on export instability has produced results that are in 
accord with the theoretical model developed in sections 2, 3, and 4. Section 5 
finds that many, but not all, empirical findings are consistent with the 
theoretical model. More significantly, section 5 demonstrates that empirical 
investment growth rate regressions appear incorrectly to link greater export 
instability with more investment. When the investment growth rate equations 
are reinterpreted as Euler equations, the empirical link between export 
instability and investment is reversed. Section 6 concludes. 

2. The analytical framework 

The economy consists of a single, infinitely-lived representative agent that 
rents out an inelastic quantity of one unit of labor at the competitive wage 
rate (w) and accumulates capital for rental at the competitively-determined 
rental rate (rK). The capital stock depreciates at the constant rate 6. The 
agent produces a single good using a standard concave neoclassical produc- 
tion function, F(K) = rKK + w. Production is stochastic, with an instanta- 
neous standard deviation of F( K )a. All production is exported to the rest of 
the world. The agent uses the proceeds of production to import goods for 
consumption (C) and investment (I). The agent accumulates net foreign 
bonds (b) that pay an exogenously-given world real interest rate (r). 

Eq. (1) is the agent’s instantaneous budget constraint: 

db,= [F(K,) +rb,-c,-I,]dt+F(K,)adz,, 

where z is a Wiener process, E[dz] = 0, var[dz] = dt.’ 

‘See Merton (1969, 1971) for detailed derivations of the agent’s budget constraint as the 
continuous-time limit of a discrete process. Svensson (1988) has also employed a similar budget 
constraint in a model without capital. Unlike Merton and Svensson, the agent in this economy is 
restricted to trade only a riskless asset (foreign bonds). As Svensson shows, trade in risky assets 
will affect the qualitative results of this study only if the income from the agent’s output, 
Ff K)dt + F( K)o dz, is spanned by the traded assets, where spanning refers to the existence of 
linear combinations of the traded assets that have the same risk characteristics as the agent’s 
output. In the absence of spanning, there will be an unhedgeable variance of output that is 
conditioned on the set of traded assets. In the derivations that follow in this paper, the 
conditional variance of output would replace the variance of output if trade in risky assets were 
explicitly included in the model. Since the paper’s results do not depend crucially on the absence 
of traded risky assets, simplicity of exposition has dictated not including them. 
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The representative agent also faces the following standard capital-accumu- 
lation constraint, where the capital stock is restricted to be nonnegative: 

dK,Y = (I, - 6K,) dt. (2) 

Given the constraints (1) and (21, the agent seeks to maximize expected 
discounted utility U(C), U’(C) > 0, v’(C) < 0, where the discount rate p (the 
agent’s rate of time preference) is assumed to be equal to the world real 
interest rate. 

The value function (or, alternatively, indirect utility function) to the maxi- 
mization problem, J(b, K, t,m), is assumed to be three-times continuously 
differentiable and concave in the state variables: 

J( b, K, t,m) = Ta;E( t)lmU( CS)e-P(sP’)dS, 
1 

(3) 

subject to ( 1)) (2)) b,, and K,. 

The maximization of expected discounted utility in (3) is a problem of 
stochastic control, where consumption and investment are used to control the 
paths of the agent’s stocks of bonds and capital. Eq. (3) gives a present-value 
formulation of the agent’s problem that is not explicitly dependent on time. 
Because it will be useful to examine the current behavior of the agent’s 
choice of consumption and investment, let V(b, K, t, 03) = ep’ J(b, K, t, m). 
Then optimality for the agent’s maximization problem requires that eq. (4) 
hold: 

pV(b,K,t,a) =~a;E(t)[U(C,)dt+dV]. (4) 

The Hamilton-Jacobi-Bellman equation and corresponding transversality 

condition for the problem are given by eqs. (5) and (6), where V,, VK, V,, and 
Vbb are partial derivatives of the value function: 

pV(b,K,t,m) = Ta;{U(C) +V,[F(K) +rb-C-Z] 

+V,(ZF6K) +v,+$‘,,F(K)2~2}, (5) 

!irnmePP’ V( b, K, t,m) = 0. (6) 

Assuming the existence of unique optimal controls for eq. (51, the optimal- 
ity conditions for consumption and investment can be found by setting 
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aV/aC = c~P’/cY~ = 0.’ Letting A = V, be the shadow value of wealth, q* = V, 

be the shadow value of installed capital, and q = q*/h be the market value of 
installed capital, the optimality conditions are expressed as follows: 

u’(C) =A, 

q= 1. 

(7) 

(8) 

Eq. (7) is the usual intertemporal envelope condition equating the marginal 
utility of consumption to the shadow value of wealth. Eq. (8) states that along 
an optimal path the agent will equate the marginal value of an installed unit 
of capital to its unitary world relative price in terms of the consumption good. 

As will be discussed in section 5, empirical measures of export instability 
are generally based on average proportional squared deviations of exports 
from trend, where the trend is taken as a proxy for the expected level of 
exports. In this analytical framework, the corresponding instantaneous mea- 
sure of export instability is ([F(K)a dzl/F’(K>12 = a2 dt. 

The appendix shows that the rental on capital, r K(K> = F’(K), is the 
following function of export instability:3 

(9) 

In eq. (9), V&l/h (< 0) is the negative of the absolute aversion to wealth 
risk. Due to the agent’s aversion to wealth risk, the required rental on capital 
in a world of export uncertainty will exceed the required rental on capital in 
a world without export uncertainty. Relative to a world of certainty, export 
uncertainty causes the agent to own less capital and to produce less output. 

Although eq. (9) does not depend on the precise form of the agent’s utility 
function, it is not generally possible to provide a complete characterization of 
the agent’s optimal consumption and investment decisions without placing 
more structure on the model. Svensson (1988) has recently provided an 
explicit solution to a similar model with stochastic income, but without 
capital, under the assumption of constant absolute risk aversion. The next 
section assumes constant absolute risk aversion in order to derive explicit 
solutions to the agent’s optimal consumption, saving, and investment deci- 
sions. 

*It is not generally easy to prove that optimal controls exist. Oksendal (198.5) discusses the 
differentiability conditions that are generally required to prove existence. Karatzas et al. (1986) 
prove existence for a general consumption/portfolio choice problem. This paper relies on a 
specific solution to the agent’s control problem that avoids the problem of a general proof of 
existence of the optimal controls. 

“The study restricts itself to values of (T 
F(Kb*< 1. 

* that are small enough to ensure that -(V&V,J x 
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3. Constant absolute risk aversion 

For the constant absolute risk aversion utility function, U(C) = emrc/ - r, 
T = - CI”(C)/II’(C) is the coefficient of absolute risk aversion. For this utility 
function the coefficient of absolute aversion to wealth risk (- V,,/VJ in this 
model is equal to Tr. Consequently, the rental rate on capital is the 
following: 

r+6 
r”(K) = 

1 - TrF( K)a2. (10) 

Although the model restricts a2 to be a constant, the empirical cross-sec- 
tional work can be interpreted as treating data from individual countries as 
different observations of a single, representative agent facing alternative 
realizations of a stochastic process that generates export instability. Under 
that interpretation, differentiation of eq. (10) with respect to the level of 
export instability provides theoretical guidance into the interpretation of 
cross-country empirical evidence. Eq. (11) indicates that the stock of capital 
can be written as a decreasing function of the magnitude of export instability: 

dK 
K=K(c2) where -= 

[l -TrF(K)02]r~-r,(,K)2,2 <o 

da 2 
rvKF( K) 

(11) 

With constant absolute risk aversion, consumption can be expressed as the 
following closed-form solution:4 

C=F(K) +rb-6K-TrF(K)*F*. (12) 

4The agent’s indirect utility function for this problem can be written as V(b, K, t, m) = 

e -p’eA-‘.r(h+H)/(-Tr), where A is a constant that is equal to (r - p)/r and H is the implicit 
value of a claim to income from production. It can be shown that H satisfies the following 
partial differential equation, referred to by Cox, Ingersoll, and Ross (1985) as the Fundamental 
Valuation Equation: 

4HUW v2+Hw[F(K)+rb-SK-(-Vww/Vw)F(K)2a2] 

+H,-rH+F(K)-SK-(-V,,,,/V,)F(K)2a2=0, 

where II’= b + H is a comprehensive measure of the agent’s wealth. By guessing that H is 
independent of comprehensive wealth and, hence, constant, the value of claims on produced 
output equals 

H= [F(K)-SK-TrF(K)*a2]/r, 

where Tr = - I’n,n,/Vw is the agent’s absolute aversion to wealth risk. The agent’s indirect 
utility function then implies that consumption is the following function: C = -A/T + r(b + H). 
Eq. (12) in the text is the special case of this function when the agent’s rate of time preference 
equals the world real interest rate. Svensson (1988) contains a similar derivation for optimal 
consumption in a model without capital. 
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By making use of the arbitrage condition (101 for capital, the solution for 
consumption can be rewritten as follows: 

C=r(b+K) +w[1-TrF(K)(T2]. (13) 

Eq. (13) shows that consumption is an annuity of tangible wealth (bonds and 
physical capital) plus a fraction of wage income, where the fraction depends 
on the direct and indirect effects of export uncertainty on the term TrF(K)a2. 

Net savings in the model is defined as follows: 

Sdt= [F(K) +-b-SK-C] dt+F(K)adz 

(14) 

In eq. (14) savings is divided into two components. The first term on the 
right-hand side of (14) is tied to the agent’s upward-sloping profile of 
consumption in response to export instability. The second term on the 
right-hand side of (21) is the stochastic component of savings. Given the 
agent’s production, consumption, and investment decisions, the amount 
F(K)a dz is the unanticipated amount of output that is saved over any small 
time interval. 

The effect of savings on the evolution of consumption over time can be 
determined explicitly by solving the stochastic co-state equation for the 
agent’s marginal utility of consumption. As the appendix shows, the marginal 
utility of consumption [A = U’(C)] evolves as follows: dh = u’(CXp - r)dt + 
V,,F(K>a dz. From Ito’s Lemma it is also the case that dh = U”(C)dC 
+ iU”‘(C)(dC)2, so that the following general expression for the change in 
consumption (dC) can be derived: 

U’,,(C) U(C) V,, 
(r-p)dt+;pp [ -F(K)R]idi 

v’(C) V(C) Vb 

- ;F(K)u dz 
h 

(15) 

When the agent’s preferences exhibit constant absolute risk aversion, 
consumption evolves as follows when the real interest rate equals the rate of 
time preference: 

r dC = $r2r2F( K) 2cr2 dt + TrF( K)cr dz. (16) 
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Since the capital stock is constant from eq. (ll), eq. (16) is a linear stochastic 
differential equation, whose solution is the following [see Oksendal (19X5)1: 

C,=C,+r[rrF(K)2u2t+F(K)uz,]. (17) 

This alternative way of viewing consumption combines elements of both eqs. 
(13) and (14) to demonstrate that the agent’s savings shown in eq. (14) are 
added to the principal of an annuity of foreign bonds owned by the agent. 
The size of the annuity at any time t has a deterministic component, 
TrF(K)2a2t, and a stochastic component, F( K bz,. where Z, is the value of 
the Wiener process at time t. The agent’s consumption rises over time in 
proportion to the size of the annuity. 

The nonstochastic component of savings as a fraction of output, S/Y. 
where Y = F(K), is TrF(K)a2. Eq. (18) calculates the response of the 
savings ratio to an increase in export instability: 

4 S/Y) dK 

da 2 
=TrF(K) +TrrK(K)a’- 

dcr’ 
>< 0. 

Eq. (18) shows that an increase in export instability has an ambiguous impact 
on savings. As Sandmo (1970) and others have noted, uncertainty of the type 
associated with stochastic shocks to output will produce two types of risk: 
income risk and capital risk. The first term on the right-hand side of (1X) is 
positive and reflects income risk. Given a negative third derivative of the 
utility function (such as implied, for example, by constant absolute risk 
aversion or constant relative risk aversion), income risk will raise the rate at 
which the agent discounts future consumption, thereby raising the agent’s 
saving. As Sandmo has discussed, the agent reacts to increased income risk 
by raising the expected value of future consumption so that the increased 
variance of future consumption is compensated by an increased level of 
consumption. 

The second term on the right-hand side of (18) is generally referred to as 
capital risk. Capital risk arises in this model because investment expenditures 
generate an uncertain future return on capital in the future. Capital risk in 
this situation causes the agent to lower wealth in the form of capital at the 
same time that income risk causes the agent to increase wealth in the form of 
internationally-traded bonds. 

With regard to investment expenditure, eq. (11) indicates that the size of 
the capital stock depends entirely on the magnitude of export instability. For 
a given value of export instability, the capital stock will therefore be constant. 
Consequently, under the assumption of constant absolute risk aversion, 
investment expenditure will just equal the rate of depreciation of the capital 
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stock: 

Idt=dK+SKdt=aKdt. (19) 

After dividing investment expenditure by output, the ratio of investment to 
output (Z/Y) is 6K’-“, where cr is capital’s share of output. The response of 
the investment/output ratio to an increase in export instability is unambigu- 
ously negative: 

d(Z/Y) 
da 2 

=(I-n)SK-“2 <O. (20) 

4. Adjustment costs for changes in the capital stock 

Suppose that the agent cannot adjust the capital stock costlessly, as 
assumed in sections 2 and 3, but that installation or removal of capital is 
subject to increasing costs. Let +(I, K) be a standard, linearly homogeneous 
installation-cost function. Investment expenditure is then Z + $(I, K). The 
appendix shows that the intertemporal arbitrage condition for the market 
price of capital (4) is the following: 

ds _=_ rKW) - +,,(Z>K) + (v,,/QbK(K)F(Kb2 dt 

4 4 

+(r+a)dt+ (!$j[$ - $$‘(K)‘o’dt 

-[!$ - $]F(K)rrdz. (21) 

The appendix shows that the latter two terms of the right-hand side of eq. 
(21) drop out either in the absence of adjustment costs or when the agent 
displays constant absolute risk aversion. As a consequence, the intertemporal 
arbitrage condition for the price of capital, assuming adjustment costs and 
constant absolute risk aversion, is given by the following deterministic equa- 
tion: 

dq -rK( K) + tiK( I, K) + Z?rK( K)F( K)a2 
-= dt + (r + S) dt. 
4 4 

(22) 
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As shown in the appendix, the market value of capital is equal to the 
marginal cost of installing new capital, 4 = 1 + $,(I, K). In the specific, 
commonly-used, case of quadratic installation costs, $(I, K) = $(k/KJ2K, 
the rate of capital accumulation is proportional to the cost of newly-installed 
capital: k/K = (q - 1). Since eq. (22) is deterministic, the rate of capital 
accumulation can be derived as the following expression: 

I + $ =qt= jm[rK(K,) -$,(I,,K,) -~wK(K,)W,)~2] 
f t 

(23) 

With constant absolute risk aversion, the model finds that the rate of 
capital accumulation does not depend on the individual stochastic shocks to 
output. This finding is analagous to the special case of independent demand 
errors in the Lucas-Prescott (1971) model of investment under uncertainty. 
With independent errors, Lucas and Prescott found that the rate of invest- 
ment by a firm was deterministic, so that demand fluctuations only altered a 
firm’s profits without altering investment plans. Likewise, in this model, the 
assumption of constant absolute risk aversion makes investment independent 
of short-run output fluctuations, so that individual output fluctuations only 
alter the agent’s savings of foreign bonds. Unlike Lucas and Prescott, the 
incorporation of risk aversion into the investment problem demonstrates that 
the investment trajectory and stationary capital stock depend upon the 
variance of the stochastic process affecting output.” 

5. Interpretation of the empirical literature on export instability 

Numerous studies have examined the impact of export instability on 
savings, investment, and growth in developing countries. None of the studies 
has been explicitly linked to an intertemporal optimizing model. Before 
interpreting the results of the empirical studies in the context of the optimiz- 
ing behavior developed in sections 2, 3, and 4, several caveats need to be 
emphasized. 

First, in this paper’s theoretical model export instability has a single cause, 
namely, stochastic production of the exportable good. There are obviously 

5Both Pindyck (1982) and Abel (1983) studied the problem of optimal investment for a firm 
when the firm’s output price is stochastic and when adjustments to the firm’s capital stock are 
subject to increasing costs. Unlike the assumption of a linearly homogeneous installation 
function that is assumed in Lucas and Prescott (1971) and in this studv. Pindvck and Abel used 
an installation-cost function that resulted in scale economies for the operation of the firm. Abel 
showed that with the nonlinearly-homogeneous installation cost function and with a stochastic 
price of output the firm’s investment problem does not possess a stationary state. 
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other sources of instability in export earnings, of which fluctuations in world 
relative prices of export goods is probably the most important for developing 
countries that export raw materials. Although several papers, beginning with 
Masse11 (1970), have attempted to document country characteristics that are 
associated with export instability, only Murray (1978) has analyzed the 
association of instability of export earnings with price and quantity instability. 
In comparing the relative importance of the two sources of export earnings 
instability, Murray (p. 67) concludes: ‘ . . . there appears to be a stronger 
relationship between earnings and volume instability than between earnings 
and price instability. This suggests that the explanation of earnings instability 
is likely to be found in an examination of the sources of quantity fluctuations.’ 
Murray also concludes that countries characterized by relatively greater price 
instability than quantity instability also have relatively low levels of export 
earnings instability.6 

As a second caveat, in this paper’s theoretical model the appropriate 
measure of export instability (a*) is not an issue for the theoretical analysis. 
However, in the empirical literature there exist many measures of export 
instability. Most studies measure export instability as the average propor- 
tional squared deviation of exports from a fitted trend, even though the 
observed nonstationarity of many export time series makes such an exercise 
difficult to justify and creates problems with the interpretation of the con- 
structed index. In a careful study, Moran (1983) found that in his empirical 
work four different indices of export instability all performed about the same. 
However, the empirical literature also contains two sharp exchanges between 
authors in which important differences in empirical results were caused by 
differences in the construction of the export instability index used in the 
studies.’ 

A third caveat concerns the all-but-universal reliance on cross-sectional 
data for the construction of statistical tests of the relation between export 

6Murray (1978, p. 68) states: ‘It is also of some interest that in the nine countries [out of a 
total of twenty-five] where price instability was the dominating factor there were (with the 
exception of Brazil) relatively low levels of earnings instability. This suggests that where price 
instability is the dominant factor, earnings instability is (relatively) unimportant.’ 

Moran (1983) also computes price and quantity measures of instability for his empirical work, 
but does not do a formal analysis of the relative contribution of each type of instability to the 
explanation of export earnings instability. However, Moran’s figures of relative price and 
quantity instability appear similar to those of Murray. 

‘In one of these exchanges Sawides (1984) criticized the results of Glezakos (1973) on the 
empirical relationship between GDP growth rates and export instability, claiming to show that a 
positive relationship existed, rather than the negative one shown by Glezakos. Glezakos (1984), 
in his response to Sawides, showed that better detrending of Sawides’s export data reversed 
Sawides’s results by producing a more accurate measure of export instability. In a similar 
exchange, both Tan (1983) and Glezakos (1983) showed that Lam (1980) had found a spurious 
positive relation between GDP growth rates and export instability due to improper export 
detrending. 
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instability and measures of economic performance. Masse11 (1968, p. 5791, in 
his review of MacBean’s (1966) book, was the first to emphasize that the 
major drawback of cross-section regressions was the assumption of a ‘single, 
unique, relationship between a given degree of fluctuation in exports’ and 
measures of economic performance.* 

A fourth caveat concerns the varying samples of countries that have been 
used in empirical analyses of export instability. Masse11 (1968) and then, more 
forcefully, Lim (1976) argued that the common practice in empirical studies 
of including every country for which there was data showed a carelessness 
with respect to countries for which data was suspect. Lim also argued that 
studies of export instability should only include countries with a level of 
instability above some threshold level. 

While the four caveats suggest that caution is warranted concerning the 
interpretation of the results from the empirical literature, it is nevertheless 
striking that various measures of export instability have consistently appeared 
as statistically significant explanatory variables of various measures of savings, 
investment, and economic growth rates in developing countries in a wide 
range of empirical studies since MacBean’s (1966) study. These empirical 
studies have implicitly made the assumption that, despite the caveats noted 
above, countries can be treated as different observations of a single, repre- 
sentative agent facing alternative realizations of a single stochastic process 
that generates export instability. Of the possible theoretical candidates for 
this stochastic process, Murray’s (1978) analysis suggests that a stochastic 
quantity process, such as the one specified in this study, is probably more 
important than a stochastic price process for the generation of export-earn- 
ings instability in the cross-sections of developing countries used in empirical 
studies. This section will therefore examine the existing empirical results on 
export instability to determine whether they are consistent with the predic- 
tions of the optimizing model of this study. 

5.1. Export instability and savings 

Three studies have attempted to measure the impact of export instability 
on domestic savings. Knudsen and Parnes (1975) tested the proposition that 
the marginal propensity to consume out of permanent income is negatively 
related to export instability for a cross-section of 28 developing countries, 
using the eleven-year period 1958-1968 to estimate permanent income and 
an instability index for export proceeds. They found that the propensity to 
consume out of permanent income was indeed negatively correlated with 
export instability. Yotopoulos and Nugent (1976) replicated the findings of 

sMassel1 went on to say: ‘For this reason, none of the regressions presented in this part of the 
book can be accepted as meaningful, and the author’s conclusions are equally suspect.’ 
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Knudsen and Parnes with a larger sample of 38 developing countries and a 
longer time series (1949-1967) for the construction of permanent income and 
instability measures. Both Knudsen and Parnes and Yotopoulos and Nugent 
interpreted their findings as evidence of the existence and importance of a 
demand for savings resulting from income risk.g 

Moran (1983) regressed the ratio of national savings to income on a 
cross-section of 30 countries, where the instability index was computed from 
data between 1954 and 1975. Moran found that the response of savings to 
export instability was generally of ambiguous sign. When Moran decomposed 
the export-instability index into quantity and price components, he found 
that the quantity component of export instability was generally negatively 
correlated with savings, while the price component of export instability was 
generally positively correlated with export instability. 

Although the work of Knudsen and Parnes and Yotopoulos and Nugent 
suggests that capital risk is a relatively unimportant influence on savings in 
developing countries, Moran’s study suggests that the negative effect of 
quantity instability on savings may be related to the effect of capital risk on 
savings. Moran’s findings on the positive effect of price instability on saving 
also suggest the need for additional analytical and empirical work that 
distinguishes among sources of export instability. 

5.2. Export instability and investment 

With respect to the effects of export uncertainty on investment, Kenen and 
Voivodas (1972) presented evidence that the ratio of investment to GDP is 
negatively correlated with export instability, as eq. (20) suggests would be the 
case if cross-section evidence matches the representative-agent assumption. 
On the other hand, Yotopolous and Nugent found that the ratio of invest- 
ment to income was positively correlated to export instability, a finding that is 
inconsistent with this paper’s analytical model. 

An empirical result around which much controversy has centered is the 
finding that investment growth rates are positively correlated with export 
uncertainty. This result was first reported by MacBean (1966) and then 
replicated by Kenen and Voivodas (1972) with a different sample of coun- 
tries. Both detractors of the results, such as Masse11 (19681, and defenders of 
the results, such as Yotopoulos and Nugent (19761, have been in agreement 

‘Neither set of co-authors appears to have recognized the potential importance of capital risk 
for the propensity to save. Specifically, their theorizing is based on an endowment economy in 
which output is exogeneously-given to agents so that capital risk cannot play a part in agents’ 
response to risk. Yotopoulos and Nugent are led to conclude (p. 330): ‘Therefore, where the 
transitory component of income is relatively larger, the savings and investment ratios and the 
rate of income growth should be larger. This would imply that policies to reduce export 
instability in LDCs would be detrimental to their growth.’ 
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that the findings, if true, would suggest that export uncertainty promotes 
investment. 

However, the intertemporal arbitrage condition (22) can be rewritten as an 
investment growth equation by making use of the fact that CJ = 1 + k/K 
implies that d I/Z = d K/K + (qK/IXdq/q): 

dl dK -rK(K)K+$&,K)K+TrrK(K)KF(K)a2 
-=-+ 
I K I 

(r + a)@ 
+ dt. 

I 

Eq. (24) is an Euler equation which has the same economic content as eq. 
(22). In particular, an increase in export instability continues to lower the 
equilibrium capital stock even though export instability is positively corre- 
lated with the growth rate of investment. 

Because MacBean’s (1966) results have been widely cited, eq. (25) repro- 
duces the most prominent of those results. Eq. (25) is one of MacBean’s 
regressions that relied on data between 1950 and 1958 for 38 developing 
countries for the calculation of instability indices and for the construction of 
investment growth rates. In eq. (25), i/l is the growth rate of fixed capital 
formation, X, is the rate of growth of total import capacity, X, is the 
instability index, X, is the percentage change in the ratio of capital-goods 
imports to domestic fixed-capital formation, and X, is the percentage change 
in the ratio of capital-goods imports to total imports. The numbers in 
parentheses are standard errors: 

i/1 = -4.14 + 0.84X, + 0.85X, - 0,19X, + 0.15X,) (25) 
(0.19) (0.38) (0.04) (0.02) 

R2 = 0.81. 

Although MacBean offered few reasons for including the variables used in 
regression (25), the growth of import capacity appears to be proxying for the 
growth of the capital stock. “’ If so, the coefficient of 0.84 on import capacity 
is close to the value of 1.0 predicted by eq. (24). Likewise, the existence of a 
significant and negative coefficient on the variable X, matches with the 
theory if the percentage change in the ratio of capital-goods imports to 
domestic fixed-capital formation is a good proxy for the ratio of capital’s 
share of income to investment. 

‘“MacBean (p. 119) defines import capacity as the sum of merchandise exports, net services, 
private and official donations, private capital and long-term capital divided by the import index. 
From balance of payments accounting identities, import capacity would appear to be equivalent 
to actual imports plus the balance of payments. 
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Without attempting to read more theory into eq. (25) than the results 
warrant, it is worthwhile stressing that the coefficient of 0.85 on the measure 
of export instability suggests that export instability reduces capital formation 
by raising the risk premium in the arbitrage eq. (24). This interpretation of 
regression (25) as an arbitrage pricing equation reverses MacBean’s (p. 112) 
conclusion that ‘these statistical findings simply cannot support belief in the 
detrimental effect of export fluctuation [on investment]‘. 

In a recent study Gzler and Harrigan (1988) studied the impact of export 
uncertainty on capital accumulation for a sample of 26 developing countries 
over the 1963-1982 period. Using data on the capital stocks constructed by 
Learner (1984) the authors regressed the growth rate of capital stocks on 
lagged growth rates and on various measures of export instability. The 
authors found that export uncertainty tended to exhibit a negative correlation 
with capital-stock growth rates, and that this negative correlation was stronger 
in the post-1973 period. This finding is consistent with eq. (23) as is their 
finding that lagged growth rates of the capital stock were significant explana- 
tory variables in predicting current growth rates of the capital stock. That is 
to say, eq. (23) predicts autocorrelation of capital-stock growth rates as a 
result of the smoothing of investment expenditures in response to convex 

adjustment costs. 

5.3. Export instability and growth 

One of the most common regressions in the empirical literature on the 
effects of export instability is a regression of the GDP growth rates of a 
cross-section of countries on an export-instability index. Using such 
regressions Glezakos (1973) Voivodas (1974), and Gzler and Harrigan (1988) 
found a negative correlation between instability and growth rates, Yotopoulos 
and Nugent (1976) found a positive correlation, and MacBean (1966) and 
Kenen and Voivodas (1972) found no correlation. In addition, footnote 7 
discusses two sets of written exchanges on the relation between export 
uncertainty and growth, in which the papers reporting the negative correla- 
tion appear to have used better measures of export instability than the papers 
reporting the positive correlation. 

Within the context of this study’s analytical framework, several issues 
regarding the interpretation of the growth rate regressions can be addressed. 
The trend part of output growth in the model is I’/Y = c~k/K, where (Y is 
capital’s share of output. Eq. (23) solved for the growth rate of the capital 
stock as a forward-looking process in which the magnitude of export instabil- 
ity influences the rate of growth of the capital stock as well as the stationary 
value of the capital stock. 

Fig. 1 graphs the transition of two representative-agent economies that are 
identical except for the magnitude of export instability. Point A corresponds 
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0 KO K 

Fig. 1. Growth along the transition path to a stationary capital stock. 

to the stationary value of capital in the high-instability economy, while point 
B corresponds to the stationary value of capital in the low-instability econ- 
omy. It is clear that in the long run the growth rate of these economies is 
zero, so that growth rates in the long run are uncorrelated with export 
instability, although the level of output is negatively correlated with export 
instability. 

If these two identical economies are observed during the transition period 
at a moment when they possess identical capital/labor ratios, fig. 1 shows 
that output growth rates will be negatively correlated with export instability. 
In fig. 1, the vertical distance between the two saddlepaths and the q = 1 line 
corresponds to the rate of capital accumulation (since q = 1 + k/K) and, 
therefore, to the growth rate of output. With a common capital stock of K,, 
fig. 1 shows that the economy with a lower level of export instability will 
exhibit faster growth than the economy with a higher level of instability, as 
can be seen by comparing the vertical distance of points C and D from the 
q = 1 line. 

The many reported negative correlations between export-instability indices 
and growth rates of output are consistent with the out-of-steady-state behav- 
ior that is shown in fig. 1. The lack of correlation reported by some studies is 
consistent with the steady-state behavior shown in fig. 1 in which export 
instability produces Zevef effects that reduce the size of the capital stock.” 

“The observations of this section of the study can easily be extended to economies with 
exogenously-growing labor forces by replacing the capital stock with the capital/labor ratio. 
Although it may be possible to demonstrate analytically the possible consequences of export 
instability for equilibrium growth rates using endogenous growth models, it will always be 
difficult empirically to uncover a set of countries that are growing at different rates along 
balanced growth paths. As Romer (1989) notes, models such as the one in this study can be 
altered to exhibit increasing returns to scale without generating endogenous growth, so that even 
a prolonged period of rapid growth for a developing country may still correspond to the type of 
growth path shown in fig. 1. 
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6. Conclusion 

Empirical work on the effects of export instability on economic perfor- 
mance has been subject to much criticism, as noted in section 5. Apparently 
contradictory empirical findings have also been of little aid to those who seek 
to understand the effects of export instability. Indeed, in the conclusion of a 
careful survey of the link between export instability and economic welfare, 
Krueger (1984) made the following observations: 

It would thus appear reasonable to conclude that there is little basis in 
casual empiricism or crude cuts of the statistics to indicate that instabil- 
ity in export earnings, prices, or quantities has prime facie been a 
problem. Clearly, more careful theoretical work will be necessary if 
understanding of the instability phenomenon is to increase. Perhaps, 
however, the available theory and evidence are sufficient to indicate that 
the phenomenon has received much greater attention than its probable 
size and costs warrant. 

This study has shown that certain pieces of the empirical evidence on 
export instability are more consistent with each other than had been previ- 
ously realized, and that most of these pieces of evidence support the position 
that export instability lowers investment and the capital stock. For example, 
the study showed that the positive correlation between the growth rate of 
investment and export instability found by MacBean (1966) and Kenen and 
Voivodas (1972) implies a negative effect of instability on the steady-state 
level of the capital stock when the investment growth equations are inter- 
preted as Euler equations. This re-interpretation of the investment growth 
equations supports the finding by Kenen and Voivodas (1972) that the ratio 
of investment to output is negatively correlated with their measure of export 
instability. 

With reference to savings behavior, the conflicting evidence of Knudsen 
and Parnes (19751, Yotopoulos and Nugent (1976), and Moran (1983) on the 
effect of export instability on savings can be partly explained by the theoreti- 
cal results of this study. As shown in section 3, Knudsen and Parnes and 
Yotopoulos and Nugent focused entirely on income risk as a theoretical 
reason for the positive influence of export instability on savings. However, 
capital risk connected with export instability may explain Moran’s findings of 
a negative correlation between instability of export quantities and the ratio of 
savings to income. 

Finally, the lack of an empirical consensus regarding the effects of export 
instability on growth rates is understandable within the analytical framework 
of this study. The study predicts that there should be no close association 
between export instability and economic growth rates. Rather, greater export 
instability should be correlated with a lower level of output. The number of 
empirical studies on the correlation between export instability and output 
growth rates greatly exceeds the number of similar studies on the correlation 
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between export instability and consumption, savings, or investment. This 
study suggests that additional empirical studies on export instability should 
focus on the relation between export instability and consumption and invest- 
ment. These studies, rather than additional studies of export instability and 
output growth rates, will provide useful evidence on the effects of export 
instability that can be linked to the theoretical underpinnings of maximizing 
behavior under uncertainty. 

Appendix: Derivation of the arbitrage pricing equation 

With adjustment costs for investment the Bellman equation is the follow- 
ing: 

pV(b,K,t,m) = Ta;{U(C) + V,[F(K) +rb-C-I-+(Z,K)] 

+V,(Z-L?K) + F+ +vbbF(K)2a2}. (A.11 

Defining A = I/,(b, K, t, a> to be the shadow value of wealth, q* = 

V,(b, K, t,w> to be the shadow value of installed capital, and q = V,/V, to 
be the market value of installed capital, the optimality conditions for con- 
sumption and investment are V(C) = A and q = 1 + $,(Z, K). From Ito’s 
Lemma (and omitting terms that multiply to zero), the shadow value of 
wealth evolves according to 

dh = I’,, db + VbK dK + I’,, dt + +I’-,,, db2. (A-2) 

The following expression for Vht dt can be derived from the Bellman equa- 
tion: 

I’,, dt = Vb( p - r) dt - Vbh db - V,, dK 

- ;I’&, db2 + VbbF( K)u dz. (A-3) 

Combining eqs. (A.21 and (A.3) produces the following stochastic equation 
for the behavior of the shadow price of wealth: 

dh = A( p - r) dt + VbbF( K)u dz. (A-4) 

Eq. (A.41 states that the marginal utility of consumption follows the continu- 
ous-time limit of a random walk. 
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The stochastic behavior of the shadow value of installed capital, whose 
derivation parallels the derivation of eq. (A.4), is given by 

rK(K) -GK(Z,K) + $~“(K)F(K)cT~ dt 
b 1 

(A.5) 

Eqs. (A.4) and (AS) can be used to derive the stochastic behavior of the 
market price of capital by applying Ito’s Lemma and noting that dq = 
(l/h)dq* - (q/A)dh + (q/A2)(dA)2 - (l/A*)dq* dA: 

dq 
_=_ 

+cK) - +K(I> K, + (Vbb/vb)YK(K)F(K)u2 dt 

4 4 

+(r+6)dt+ ($)[$ - +-(K)2rr2dr 

-[$ - !$]F(K)ndz. (A.61 

By noting that V, = qVb implies that VK,, = qVbb + I/,(dq/db), the expres- 
sion [V,,/V, - VKb/VKl can be expressed equivalently as -(l/qXdq/db), 

where dq/ab is the instantaneous derivative of the market price of capital 
with respect to a change in the agent’s wealth. With no adjustment costs, 
q = 1, so that the latter two terms of the right-hand side of eq. (A.6) drop out 
as does the term $&I, K). Both eqs. (9) and (10) in the text are special cases 
of eq. (A.6) with no adjustment costs. 

With constant absolute risk aversion, changes in bond holdings via stochas- 
tic fluctuations in output change the agent’s bond holdings and level of 
consumption, but they do not change the market value of capital since 
changes in the level of consumption do not change the coefficient of absolute 
risk aversion [r = - U”(C)/U’(C)]. With constant absolute risk aversion, the 
latter two terms of the right-hand side of eq. (A.6) drop out, producing eq. 
(19) of the text as a special case of the arbitrage pricing equation. 
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