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Preface

This book presents the results of about three years of work finished in early
1992 in the area of private investment and macroeconomic adjustment. Its
purpose is to explore the macroeconomic determinants of investment and
the causes and cures for the gap between macroeconomic adjustment and
stabilization and the resumption of economic growth in developing coun-
tries, a gap that even today-10 years after the debt crisis and the subse-
quent adjustment of the eighties-remains wide. This volume highlights
the central role of capital formation (private and public) in the restoration
of sustainable growth.

Most of the book's chapters were developed as part of a research project,
"Private Investment and Macroeconomic Adjustment," financed by the
Research Committee of the World Bank. They were presented in several
seminars both within and outside the Bank. A conference was held at the
World Bank in Washington, D.C. in March 1991, where the work in progress
was presented. The paneldiscussion thatclosed the conference is contained
in the final chapter of the book.

Three of the chapters contain previously published material, which is
reproduced herewith the kind permission of the copyrightholders: chapter
2, by Luis Serven and Andres Solimano, was originally published by The
World Bank Research Observer. Chapter 3, by Robert Pindyck, was published
by the Journal of Economnic Literature. Chapter 6 by Luis Serven and Andres
Solimano, was published in Adjustment Lending Revisited: Policies to Restore
Growth, edited by V. Corbo, S. Fischer and S. Webb.

In developing this work we benefited greatly from the encouragement
and advice provided by many colleagues at the World Bank and elsewhere.
Among them, our greatest debt is probably to Vittorio Corbo for his
constant support from the early stages of this project. We are also grateful
to Alan Gelb for his advice, to Anna Maranon and Sabah Moussa for their
patient typing of our many revisions to the manuscript, and to Whitney
Watriss for her careful editing. Special thanks go to Cecilia Guido-Spano
and also Jenepher Moseley and Lauralee Wilson for their valuable assis-
tance in the editorial process, and to Femando Lefort and Raimundo Soto
for assistance.
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Part A. Investment Theory and Adjustment
Policies





Introduction

Luis Serven
and

Andres Solirunno

Almost a decade ago, the debt crisis and the global shocks affecting
developing countries set off a protracted period of macro instability and
lack of external financing that led to a drastic decline in capital formation.
This worrisome trend endangers the social sustainability of stabilization
and reform programs in the developing world. In fact, the paradigm of
adjustment with growth involves an apparent circularity: for adjustment
policies to be followed by growth (that is, to be sustainable), a robust
response by investment is required, particularly by the private sector,
which is expected to play a key role in market-oriented reform. However,
for that investment response to materialize, and for the private sector to
engage in intrinsically irreversible investment decisions, it needs to per-
ceive adjustment as sustainable. Lack of confidence in, or just mere
skepticism about, the permanenceof policy measures may be self-defeating
and postpone the benefits of reform.

The study of different experiences with economic reform reveals that
private investment follows a cycle during adjustment. In the initial phase
of an adjustment program, private (and often public) investment falls,
following which it reaches a "plateau" in which neither a substantial
recovery (nor further decline) in private investment takes place. The
implication is that private investors are adopting a "wait-and-see" attitude.
Then, in economies where reform is consolidated and external factors
improve, sustained private capital formation resumes, although this phase
may not get underway for several years.

The questions

Important policy questions regarding theeffects of macroeconomic adjust-
ment on the recent performance of investment motivated the research

covered in thisvolume. Thequestionsbelow derive from importantaspects
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4 Investment Theory and Adjustment Policies

of the recent adjustment experience of developing countries. Answers to
these questions are critical to advancing the design of growth-enhancing
adjustment programs. They are:

* A crucial component of most adjustment programs is a real deprecia-
tion of the exchange rate, aimed at restoring external balance and making
room for growth to resume. What is the impact of a real currency deprecia-
tion on private investment? Through which channels are the level and
composition of investment affected?

* What has been the impact of the observed cuts in public investment
onprivateinvestment? Has privateinvestmentsuffered from thedecline in
public capital formation that resulted from the fiscal adjustment, as sug-
gested by the hypothesis of complementarity between private and public
investment? Or has it benefitted from a crowding-in effect of reduced
government expenditures?

* Why do private investors adopt a wait-and-see attitude during adjust-
ment? Do countries that undertake radical changes in the structure of incen-
tivesand the rulesof thegameas partof theireconomic reforms facean intrinsic
credibility problem? Is there a coordination failure by decentralized markets
affecting private investment in the aftermath of adjustment? What other
formsofsystemicinstabilityaffectcapitalformation? Isalackofcredibility
the main reason behind the slow recovery of investment after adjustment?

i What effect did the external debt burden and the cut in external
financing to developing countries in the eighties have on investment? What
are the relevant transmission mechanisms and orders of magnitude of the
impact of debt on investment?

* What policies can be devised to speed up the response of private
investment after economic adjustment?

Main conclusions

The main conclusions of this volume are as follows.
(1) The debt crisis, and subsequentadjuistineit effort in La tin America and

other developing countries led to a substantial reduction in capital forma-
tion in the1980s. Private investment recovered somewhatafter 1987, butas
of the early 1990s public investment showed no signs of recovery. Region-
ally, the cuts in private and public investment occurred mainly in Latin
America and Sub-Saharan Africa. The economies of Southeast Asia did not
experience a serious and protracted decline in investment rates in the last
decade.

(2) The external debt burden hampered investment through at least
three main channels: first, debt service requires an external transfer that,
under conditions of limited external financing, leads to reduced investible
resources; second, the anticipated "tax" associated with future debt service
(the debt overhang) reduces the anticipated return on investment; and,
third, uncertainty about the policies needed in the future to meet an equally
uncertain debt service also tends to depress investment.
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Empirically, the adverse impact of the debt burden on investment is
confirmed in investment equations estimated for samples of Latin Ameri-
can (see chapter 7) and East Asian countries (see chapter 8), and also on a
larger panel of developingcountries (seechapter6). In all cases the relevant
debtmeasure was found toexerta negativeand significanteffecton the rate
of private investment.

(3) The analytical results (see chapters 2-4) underscore the importance
of irreversibility and uincertainty in investment decisions. A practical impli-
cation of the irreversibility of most fixed investment decisions is that the
response of capital accumulation to the new set of economic incentives
brought about by an adjustment program is bound to be weak if the macro
environment is unstable and the new policy regime perceived to be fragile.
From the viewpoint of investment, the stability and predictability of the
incentive structure are likely to be at least as important as the level of the
incentives. While attractive incentives for capital formation are a precondi-
tion for the resumption of private investment and growth, they do not
guarantee it will take place. Private investors may wait and see for several
years (three or more) before deciding to invest at a sustained pace.

At the empirical level, investment equations with irreversibility con-
straints were estimated using data for selected developing countries. The
results show that investment incentives may have to be very large to
promote a significant recovery of capital accumulation (see chapter3). The
implication is that macro stability, predictable policy, and clear rules of the
game are key ingredients for a strong response of private investment to
changes in incentives. These elements probably played a major role in the
mixed response of private investment to structural reforms (trade liberal-
ization, financial reform, labor market reform, and privatization) in differ-
ent Latin American countries: private investment reacted quite forcefully
in Chile in the late 1970s and since the mid-1980s, did so more moderately
in Mexico in the late 1980s, and failed to respond in Bolivia to the stabiliza-
tion cum structural reform launched in the mid-1980s.

Empirically, these factors can go a long way in explaining the differ-
ences in investment and growth between Latin America and East Asia in the
last two decades. Econometric analyses for both regions, as well as for a
larger group of developing countries, reveal the adverse effect of measures
of macro instability (that is, the variability of inflation and of the real
exchange rate) on private investment.

(4) The relationship) between plublic and private investment depends cru-
cially on the composition of the former. Investment in infrastructure-and
public expenditures for the maintenance of infrastructure and human
capital formation-are likely to crowd in private investment; other types of
public investment tend to have the opposite effect. As a consequence,
excessive compression of expenditures on infrastructure in the course of
fiscal adjustment (a common pattem in developing countries) may jeopar-
dize the recovery of private investment.

Interestingly, the empirical studies included in this book suggest that
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there are strong complementarities between public and private investment
for a panel of Latin American, African, and East Asian countries. The same
result emerged from separate cross country studies of Latin America and
East Asia. In all cases, the coefficient of the ratio of public investment to
gross domestic product (GDP) in the estimated private investment equa-
tions is positive and significant. Nevertheless, separate empirical analyses
for Latin America and Asia also suggest that public sector deficits, for a
given level of public investment, crowd out private investment, as the
financing of these deficits pushes real interest rates up and/or reduces the
credit available to the private sector.

(5) The effect of changes in the real exchange rate on the level of aggregate
private investment is complex. Time-series studies for individual countries
tend to show a kind of J-dynamics in the response of private investment to
a real devaluation. The volume of private investment may initially drop
and then recover following a real currency depreciation. In fact, a real
devaluation squeezes real balances (or real credit) and increases the real
price of imported capital goods, all of which lead to a contraction in capital
formation in the short run. Over time, however, a real depreciation of the
exchange rate stimulates an increase in exports and investment that gives
rise to an expansion in output. Empirical work combining cross-section
data with time series for country groups in Latin America, East Asia, and
some African countries tend to show that the level of the exchange rate has
an ambiguous and statistically insignificant impact on the level of private
investment. By contrast, the variability of the real exchange rate (as a
measure of macroeconomic uncertainty) has a much stronger (and adverse)
effect on capital formation than does its level.

(6) From a policy perspective the analysis identifies areas where public
policies can promote investment. In general, sound public investment in
physical infrastructure and humancapital mustbe protected duringadjust-
ment, both to boost complementary private investment and to contribute to
long-term growth. Macroeconomic stabilization and maintenance of
stable rules during the design of adjustment programs should be a policy
priority. Sustainable policies often promote private investment better than
do certain liberalization moves that can be reversed because they lack solid
macro foundations. The analysis in this project points to a wait-and-see
attitude on the part of private investors that may reflect pervasive coordi-
nation failures. In that sense, policies that increase the perceived set of
opportunities for the private sectorare required to boostinvestment. A free
trade agreement, debt relief, and other measures can help break investors'
reluctance to commit real resources to capital formation, a shift that can
make adjustment with growth more a reality than a hope.

Summary of the chapters

Chapter 2, "Private Investment and Macroeconomic Adjustment: A Sur-
vey," by Luis Serven and Andres Solimano, provides a general analytical
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and methodological background for the study of the determinants of
private investment in developing countries. It describes the puzzles posed
by the response (or lack thereof) of private investment in developing
countries to the macroeconomic adjustment and reform measures in recent
years. It also reviews, broadly, the theoretical and empirical literature,
examining its ability to solve those puzzles. Particular attention is paid to
two issues: first, the impact of macroeconomic adjustment policies, includ-
ing currency depreciation and demand restraint, on private investment;
and, second, the role of uncertainty, credibility, and coordination failures in
shaping the response of private investment to changes in incentives and
policy reform. The chapter singles out two areas in which additional
research could yield valuable lessons for policy design: (a) the impact of
changes in public investment and exchange rates on private investment;
and (b) the policy opbons for reducing the duration of the wait-and-see
attitude of private investors after adjustment and for speeding up the
resumption of growth.

In chapter 3, "Irreversibility, Uncertainty, and Investment," Robert S.
Pindyck surveys the relevant literature on the topic and explores the
microeconomic implications of irreversibility for investment decisions. He
explains why the conventional net present value criterion for investment
could be seriously mistaken vhen investment is irreversibleand shows that
the magnitude of the error can be very large. The chapter describes the
solution of the optimal investment problem under irreversibility, proves
the equivalence of the option pricing and dynamic programming ap-
proaches, and investigates the consequences of different types of uncer-
tainty (as relates, for example, to relative prices, interest rates, and demand
conditions) for investment decisions. Pindyck concludes that, under rea-
sonable assumptions, uncertainty can be a powerful deterrent to investment.

Chapter 4, "On the Dynamics of Aggregate Investment," by Ricardo J.
Caballero, makes two important contributions. First, it explores the impli-
cations of uncertainty and irreversibility for aggregate investment. Second,
it proposes an econometric methodology for evaluating uncertainty and
irreversibility empirically. Caballero solves a very difficult aggregation
problemand confirms rigorously that the main implication of irreversibility
is "asymmetric inertia" in aggregate investment: in general, investment
responds differently to positive and negative shocks. Moreover, the asym-
metry is strongly dependent on initial conditions: specifically, after a deep
recession irreversibility will make investment very insensitive to incentive
measu res. This dependence suggests that further progress with the empi ri -
cal evaluation of the effects of uncertainty requires in-depth analysis of
specific country cases. Theauthor presents some illustrativeapplications of
his proposed empirical methodology to a selected group of developing
countries.

In chapter 5, "Empirical Investment Equations in Developing Coun-
tries," Martin Rama surveys selected emnpirical studies of investment in
developing countries. He provides an integrative analytical framework
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that encompasses different investment models as particular cases: the
monopolistic competition model; the neoclassical approach; the demand-
constrained case; Tobin's Q model; the credit-constrained model; and the
foreign exchange shortage case. Each of theempirical studies on investment
in developing countries the chapter examines can be viewed as testing one
(or more) of these models-although in many cases with potential specifi-
cation and/or measurement errors. Common results from these studies
are: (a) the importance of accelerator-type effects on investment; (b) the
failure to identify empirically strong effects from the cost of capital and
other factor prices; (c) conflicting results on the effect of public investment
on private investment; (d) the importance in some cases of credit and
foreign exchange availability measures; and (e) the generally adverse
impact on investment of selected measures of instability.

Chapter 6, "Economic Adjustment and Investment Performance in
Developing Countries: The Experience of the 1980s," by Luis Serven and
Andres Solimano, provides a general overview and empirical analysis of
the performance of investment in developing countries in the 1980s. First,
it examines the behavior of investment in a group of 75 developing coun-
tries, with a breakdown between private and public investment for a
smaller sample. The chapter then turns to the impact of external shocks,
stabilization policies, and structural reforms on investment by comparing
the experiences of three selected groups of countries: (a) three Latin Ameri-
can countries that pursued successful stabilization and embarked on struc-
tural reforms in the 1980s or before (Chile, Mexico, and Bolivia); (b) two
Latin American countries thatsuffered severe macroeconomic instability in
the 1980s and did not pursue the extensive structural reforms of the first
group (Argentina and Brazil); and (c) three East Asian economies that
adjusted to the adverse shocks of the 1980s, while preserving a remarkable
degree of macro stability and high growth (Korea, Singapore, and Thai-
land). A major lesson from the country experiences is that the response of
private investment to strLuctural reform is mixed (ranging from strong
[Chile] to very weak [Bolivia]). In turn, the East Asian countries suffered
only a mild and shortlived slowdown in the face of the adverse external
shocks of the eighties. Argentina, and to a lesser extent Brazil, show that
protracted economic instability is a powerful deterrent to investment.

The chapter carries out an econometric analysis of the determinants of
private investment for a sample of Latin American, African, and Asian
countries for the period 1976-88, followed by a decomposition analysis of
the sources of the variation in private investment after 1982. The analysis
reveals that the increase in the level of external debt was the chief determi-
nant of the decline in private investment in the sample. In addition, the
increase in rnacroeconomic instability and the decline in public investment
rates play an important role in the decline in private investment rates in
Latin America after 1982.

In chapter 7, "Macroeconomic Environment and Capital Formation in
Latin America," Eliana Cardoso focuses on the interactions between private
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investment and macroeconomic policies in Latin America. She reviews the
experiences of Chile and Mexico as examples of adjusting countries and
Argentina and Brazil as cases of "accommodative" economic policies in the
1980s. She then turns to the negative relationship between the real exchange
rate and investment observed in the 1980s, arguing that a third variable-
the terms of trade-is the driving force, affecting both the real price of
capital and the real exchange rate. Cardoso formally shows that a deterio-
ration in the terms of trade reduces the real price of capital and thus
investment, and also forces a real depreciation of the exchange rate.

Cardoso also performs an empirical analysis of private investment on
data for the period 1970-85 for six Latin American countries (which account
for 86 percent of total GDP in Latin America). Her results confirm the
positive (and significant) effect of improvements in the terms of trade and
the irrelevance of the real exchange rate once the former variable is in-
cluded. The results also support the complementarity between public and
private investment-although they also provide (limited) evidence of
financial crowding-out of private investment by public expenditures-and
the adverse effect of the foreign debt burden. Finally, Cardoso addresses
measurement issues by comparing real and nominal shares of total invest-
ment in GDP from the World Bank and from the Summers-Heston data set
for 13 Latin American countries. The Summers-Heston data often yield
substantially higher investment to GDP ratios than do the World Bank and
national accounts sources.

Chapter 8, "Investment and Macroeconomic Adjustment: The Case of
East Asia," by Felipe Larrain and Rodrigo Vergara, examines the experience
with investment and macroeconomic adjustment in Korea, Singapore,
Thailand, and Malaysia in the 1970s and 1980s. The high investment-high
growth record of these countries in the 19 70s and 1980s is reviewed in the
light of their financial and exchange rate policies, domestic saving, and
income distribution patterns. Larrain and Vergara argue that no clear
causality emerges from financial liberalization to growth; moreover, in
several instances (subsidized) interest rates have been used to direct invest-
ment to specific sectors. On the other hand, the degree of public interven-
tion in the economy varies across the group of countries, with Korea the
most intervZentionistand Singapore the least. In general, state intervention
is found to be pro-business, and evidence that regulation and direct public
intervention crowded out private investment is not openly detected. An
interesting fact concerns income distribution in these countries. It is found
to be quite equitable-particularly when compared with Latin America.
The authors argue that an equitable distribution of income supports macro
stability in two ways: first, it reduces potential social conflict, with an
ensuing favorable effect on the socioeconomic climate and thus on private
investment; and, second, it leaves less ground for populist cycles that are
eventually destabilizing.

The chapter also contains an econometric analysis of investment in
Korea, Singapore, Thailand, and Malavsia for the period 1975-88. The
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empirical results show a positive and significant effect of GDP growth, of
the public investment ratio-a result that again suggests complementarity
in the sample-and of the real stock of credit to the private sector on the ratio
of private investment to GDP; and a negative effect of the external debt to
GDP ratio, of the real interest rate, and of macroeconomic instability
(measured by the variability of the real exchange rate). In tum, the level of
the real exchange rate exerts no significant influence on the level of invest-
ment.

The volume concludes with chapter 9, "Policies for the Recovery' of
Investment: Panel Presentations." Itcontains the presentations by Rudiger
Dornbusch, Robert Pindyck, Dani Rodrik, Luis Serven, and Andre Solimano
at a panel discussion at the conference 'Private Investment and
Macroeconomic Adjustment in Developing Countries' that was held at the
World Bank in March 1991.
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Private Investment and Macroeconomic
Adjustment: A Survey

Luis Serzn)
and

Andres Solimano

The correction of external imbalances in many developing countries during
the 1980s took the form of large cuts in investment rather than increases in
domestic savings.' This decline in investment, which mirrored the decline
in the transfer of external resources after 1982, was especially sharp in the
highly-indebted countries and was accompanied by slower growth in these
and other developing countries. In addition, both public and private rates
of investment fell, although the decline in private investment was more
drastic. If this trend continues, it will slow potential growth in these
economies and will reduce long-run levels of per capita consumption and
income, endangering the sustainability of the adjustment effort.

This reduction in investment seems to reflect several factors. First, the
decline in the availability of foreign savings has not been matched by a
corresponding increase in domestic savings. Second, the deterioration in
fiscal conditions attributable to cuts in foreign lending, higher domestic
interest rates, and the acceleration of inflation in several countries forced a
fiscal adjustment that in many cases took the form of a contraction in public
investment. Third, the macroeconomic instability associated with external
shocks has hampered private investment. Fourth, the debt overhang has
discouraged investors through its implied tax on future output and the
ensuing credit constraints in the international capital markets.

In many countries, macroeconomic adjustment has not improved the
response of private investment. Even in countries that made substantial
progress in correcting imbalances and restoring profitability-often through
drastic cuts in real wages-the effect on private investment has been weak

II
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and slow to appear. Many of these issues are difficult to explain in the
context of conventional investment theories.

This chapter reviews recent developments in investment theory and
empirical studies on investment in developing countries to explain some
features of investment behavior that were important in the 1980s:

* The relation between public and private investment that results from
the traditional financial crowding-out effect and the complementarity
between public and private capital.

* The importance of imperfections in financial markets and financial
constraints in a world of imperfect and asymmetric information.

* Theeffects of changesin the real exchangerate on thevolume, timing,
and composition of investment. These effects are especially important in
developing countries because of the typically high import content of
investtment.

. The irreversible nature of most investments, which makes private
investors particularly sensitive to risk and dampens their response to
changes in economic incentives.2

* The complex relationship between the foreign debt overhang and the
volume of private investment.

* The dependence betwveen the returns to individual investors and the
level of aggregate investment, which opens a gap between the private and
social returns on investment and creates a potential coordination failure.
Such a failure can leave thie economy trapped in a low-investment, low-
growth equilibrium.

This chapter looks first at theories of investment. It then examines the
effect of monetary, fiscal, and exchange rate policies on private investment,
emphasizingeconomic or institutional features thatare specific to develop-
ing countries (for instance, pervasive rationing in the financial markets,
complementarities between public and private investment, considerable
reliance on imported capital goods, and shifts in the distribution of income).
Such features may determine how macroeconomic policies influence pri-
vateinvestment. Finally,thischapterdiscussesrecentliteratureoncredibil-
ity, uncertainty, and irreversibility in investment decisions and looks at
how such factors influence the investment response.

Investment theory

Keynes (1936), who first called attention to the existence of an independent
investment decision in the economy, observed that investment depends on
the prospective marginal efficiency of capital relative to some interest rate
that is reflective of the opportunity cost of the invested funds. He pointed
out that private investment was intrinsically volatile since any rational
assessment of the return on investment was bound to be uncertain. The
"animal spirits" of private investors would be the main driving force in
investment decisions.

After Keynes, the evolution of investment theory was linked to simple
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growth models. These models gave rise to the accelerator theory, popular
in the 1950s and early 1960s and widely used even today in practical growth
exercises. The accelerator theory makes investment a linear proportion of
changes in output. Its extreme simplicity explains its popularity: given an
incremental capital/output ratio (ICOR), it is easy to compute the invest-
ment requirements associated with a given target for output growth. ln this
view, expectations, profitability, and capital costs play no role.

Therestrictiveassumptions behind theaccelerator theory led Jorgenson
(1967) and Hall and Jorgenson (1971) to formulate the neoclassical ap-
proach. Here the desired (or optimal) capital stock depends on the level of
output and the user cost of capital (which in turn depends on the price of
capital goods, the real interest rate, and the depreciation rate). Lags in
decisionmaking and delivery create a gap between current and desired
capital stocks, giving rise to an investment equation, that is, an equation for
the change in the capital stock.

The foundations of this approach have been criticized on the grounds
that: theassumpfionsof perfectcompetition and exogenouslygiven output
are inconsistent; the assumption of static expectations about future prices,
output, and interest rates is inappropriate, since investment is essentially
forward-looking; and the lags in delivery are introduced ad hoc.

An alternative view, associated with Tobin (1969), is that what matters
is the relation between the increase in the value of the firm as a result of the
installation of an additional unit of capital and its replacement cost. When
the increase in the firm's market value exceeds (or is less than) the replace-
ment cost, firms will want to increase (or decrease) their capital stock. This
ratio, known in the literature as marginal Q, may differ from unity because
of delivery lags and adjustmentor installation costs. However, it is noteasy
to measure marginal Q, and the ratio of the market value of the entire existing
capital stock to its replacement cost (the average Q ratio) is used instead.

Abel (1980), Hayashi (1982), and Precious (1985) point to problems in
using average Q. If firms enjoy economies of scale or market power, or if
they cannot sell all they want, marginal and average Q will systematically
differ. Moreover, the assumption of increasing marginal installation costs
underlying the Q theory is dubious. The cost of additions to an individual
firm's capital stock is likely to be proportional-or even less than propor-
tional--to the volume of investment because of the lumpy nature of many
investment projects. More important, disinvestment, if feasible, is more
costly than positive investment: capital goods often are firm-specific and
have a low resale value.

Anextreme but useful viewof thisasymmetry is to consider investment
completely irreversible. This notion, introduced by Arrow (1968), suggests
that under conditions of certainty, irreversibility creates a wedge between
the cost of capital and its marginal contribution to profits. However, it is
under conditions of uncertainty that irreversibility can have important
implications for investment decisions. Recent literature (Bemanke 1983;
McDonald and Siegel 1986; Pindyck 1988; Bertola 1989; Bertola and Cabal-
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lero 1990; and chapter 3, "Irreversibility, Uncertainty, and Investment," in
this volume) emphasizes that risk factors can have a very negative effect on
irreversible investment. The intuitive reason is that if the future is uncer-
tain, anyaddition to productivecapacity today risks thechance that the firm
may find itself stuck tomorrow with excess capital thatcannot beeliminated
(costlessly). This point implies that uncertainty may be as relevant for invest-
ment decisions as such conventional variables as interest rates or taxes are.

In the Keynesian tradition, the disequilibrium approach (Malinvaud
1980,1982; Sneesens 1987) views investment as a function of both profitabil-
ityanddemand foroutput. InMalinvaud (1982) investmentdecisionshave
two stages: first, the decision to expand the level of productive capacity;
and, second, the decision about the capital intensity of the additional
capacity. The former decision depends on the expected degree of capacity
utilization in the economy, which provides an indicator of demand condi-
tions; the latter decision depends on relative prices such as thecostofcapital
and labor. The distinction between the decisions is meaningful because
factor proportions are assumed to be variable before the investment but
fixed after it. The investment decision, in turn, takes place in a setting in
which firms may be facingcurrent and expected constraints on future sales,
an important departure from the continuous market-clearing assumed by
both neoclassical (Jorgenson's) and Tobin's Q models. Therefore, invest-
ment depends both on profitability and on the prevailing sales constraints,
which determine the rate of capacity utilization (see Sneesens 1987).

Disequilibrium models have often been criticized on the grounds that
their assumptions regarding expectations are too simple and that they do
not explain why prices are rigid. Market disequilibrium and rational
expectations are not, however, necessarily inconsistent hypotheses. Neary
and Stiglitz (1983) have developed rational expectations models in which
themarketsforgoodsand labordonotclear, ina contextof forward-looking
agents that anticipate future sales constraints and wage and price rigidities
(see also Precious 1985). This point is particularly relevant since investors
are concerned whether investment decisions made today will be justified by
events in the future. From the policy viewpoint, important problems of
macroeconomic adjustment, such as a persistent decline in output, are
associated with (transitory) disequilibrium in the goods and labor markets.
In such conditions investment behavior may involve a combination of
expectations and market disequilibrium.

The macroeconomic models of coordination failure, which emphasize
the inability of individual agents to coordinate successfully their decisions
in a decentralized economic system, provide another view. Although there
are many potential sources for such failure (see Cooper and John 1988), the
most common one is the existence of monopolistic competition with in-
creasing returns to scale. In this context, the returns on investment depend
on the overall level of economic activity, which in turn is positively affected
by the volume of aggregate investment. Since each individual firm is likely
to view its own contribution to aggregate investment as negligible, the
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social and private returns on investment diverge, with the former exceeding
the latter. Under certain conditions the economy may get stuck in an
"insufficient investment" equilibrium, in which individual firms invest too
little-lowering aggregate investment-precisely because each firm ex-
pects aggregate investment to be low (Kiyotaki 1988; Schleifer and Vishny
1988). As is emphasized later, this mechanism may play an important role
in adjustment programs.

There is a growing literature on the effects of financial constraints on
investment. At the micro level firms may face binding financial constraints
in thedomestic capital markets becauseinterest ratesare controlled orbecause
of endogenous credit rationing (Stiglitz and Weiss 1981). Asymmetric
information, adverse selection, and incentive effects may make interest rate
changes an inefficient device to sort out good borrowers from bad borrow-
ers. Under those conditions creditors may prefer credit rationing and
quantitative constraints. The recent literature on the financial determinants
of investment (see Fazzari, Hubbard, and Petersen 1988a, 1988b; Calomiris
and Hubbard 1989; Mayer 1989; Mackie-Mason 1989; and Hubbard 1990)
emphasizes that internal finance (retained profits) and extemal finance
(bonds, equity, or bank credit) are not perfect substitutes. The discrepancy
in the cost of financing is the result of asymmetric information: lenders in
capital markets cannot evaluateaccurately the quality of investmentoppor-
tunities. This situation raises the cost of new debt and equity above the
opportunity cost of internal funds. In this view, investment is sensitive to such
financial factors-a departure from the idea of the perfect capital market.

Fazzari, Hubbard, and Petersen (1988a) and Hubbard (1990) report
empirical research along these lines for industrial countries. They test the
role of the financial structure of the firm in the Q, neoclassical, and
accelerator models of investment by firm size. They find that financial
effects are important for investment butalso that therearedifferences in the
sensitivity of investment to liquidity, depending on firms' policies regard-
ing retained earnings. An important macroeconomic dimension of these
findings is that, provided fluctuations in cash flow and liquidity are
correlated withmovements in aggregateeconomic activity and thebusiness
cycle, macroeconomic instability may affect investment mainly by firms
that rely heavily on internal finance.

Chenery and Bruno (1962) raise an important point: in developing
economies where domestic and foreign capital goods are highly comple-
mentary, the lack of foreign exchange to import machinery and equipment
can constrain growth, although in the medium run substitution between
domestic and foreign capital goods, as well as export promotion, can ease
the foreign exchange constraint (see Bacha 1984, 1990).

Macroeconomic policies and private investment

Monetary, fiscal, and exchange rate policies aimed atcorrecting unsustainable
macroeconomic imbalances are bound to affect private investment. The
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standard macroeconomic package oriented toward improving the balance
of payments and reducing inflation includes restrictive fiscal and monetary
policies supplemented by real devaluation. The relevant empirical litera-
ture on the macroeconomic determinants of investment in developing
countries is reviewed here. The transmission mechanisms through which
such policies affect capital formation are highlighted.

Monetany policy

The restrictive monetary and creiit policies included in stabilization pack-
ages affect investment in two ways: they raise the real cost of bank credit;
and, by raising interest rates, they increase the opportunity cost of retained
earnings. Both mechanisms raise the user cost of capital and lead to a
reduction in investment. Studies by de Melo and Tybout(1986), Greeneand
Villanueva (1991), and Solimano (1989) confirm this effect. Other econo-
mists disagree, however. van Wijnbergen (1982), Blejer and Khan (1984),
Lim (1987), and Dailami (1990), for example, find that in the repressed
financial markets typical of many developingcountries, credit policy affects
investment directly because credit is allocated to firms with access to
borrowing at preferential interest rates rather than through the indirect
interest rate channel-although interest rates also affect firms that borrow
in the unofficial money market (van Wiinbergen 1983a, 1983b). Thus the
institutional structure of the financial markets in developing countries is
important in determining the effect of monetary and credit policy on
investment and how such policy is transmitted.

Fiscal policy

High fiscal deficits push interest rates up or reduce the availability of credit
to the private sector, or both, crowding out private investment. Hence the
reduction of the public deficit during macroeconomic adjustment should
allow private investment to expand (as confirmed by van Wijnbergen 1982
in the case of Korea). However, the way a fiscal deficit is corrected also
matters. The mix of tax increases and spending reductions will affect
aggregate private investment. Efforts to reduce the public deficit often
involve cutting back on public investment. Some of these expenditures
(especially those for such components of infrastructureas roads, ports, and
communication networks) may be complementary with private invest-
ment, and the cutback will cause private investment to fall. This pattern
underscores the need to protect public expenditure on infrastructure dur-
ing adjustment to encourage the recovery of investment and growth.

Severalempirical studies shed lighton this issue. A study byBlejerand
Khan (1984), based on cross-country data, finds that government invest-
ment in infrastructure is complementary with private investment (and
other types of government investment are not). Greene and Villanueva
(1991) and chapter 6, "Economic Adjustment and Investment Performance
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in Developing Countries: The Experience of the 1980s," in this volume
arrive at similar conclusions using multicountry panel data. Musalem
(1989) reports that private and public investment was complementary in a
time-series study of investment in Mexico. Balassa (1988), however, reports
cross-section estimates showing that an increase in public investment leads to
a decline in private investment. He further finds a negative correlation between
the share of public investment in total investment and the size of ICORs, an
indicator that public investment is less efficient than private investment. Khan
and Reinhart (1990) reexamine thedifferences in productivity between private
and public investment for a sample of 24 developing countries and find that
the marginal productivity of public sector capital is negative (although not
significantly so), whereas that of private investment is significantly positive.

Changes in output

Empirical studies of investment in developing countries show that changes
in output are the most important determinant of private investment (see
Blejer and Khan 1984; Faini and de Melo 1990; Greene and Villanueva 1991;
and chapter 6, "Economic Adjustment and Investment Performance in
Developing Countries: The Experience of the 1980s," in this volume). To a
certain extent this finding is puzzling, sincea substantial amount of fluctua-
tion in output appears to be transitory and therefore should not affect
investment. Further, it is costly to install capital, so that adjusting to
transitory shocks is suboptimal. Thus the puzzle remains largely unex-
plained (see Shapiro 1986), although it might be the product of investors'
myopic expectations or short planning horizon.

Whatever the cause, the implication is that the contraction in demand
induced by adjustment measures is likely to have an adverse short-run
effect on investment because of its negative effect on the growth of output.
Thiseffect is apparent in thecontextof theQ theory of investment. Solimano
(1989)shows that in Chileaggregate investment profitability is procyclical-
Tobin's Q increases in upturns and falls in downturns-so that the market
val ueof capital, and hence investment, would be expected to fall in the short
run in response to a exogenous slowdown in economic activity.

The downturn may also affect investmenit through its effect on expec-
tations. A recession, for instance,could lead investors to postpone investing
until the economy recovered. This response might in turn delay the
recovery, and theeconomy might get stuck in a low investment equilibrium
because of self-fulfilling pessimism. To avoid such an outcome, it is
important that governments design demand adjustment policies that mini-
mize the potentially adverse effects on investment and growth.

Exchange rate policy

To reduce the external imbalance, adjustment programs rely on a combina-
tion of oolicies that reduce expenditures and switch spending toward
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domestic goods. The switch generally includes a real devaluation, with
significant consequences for investment.

Profitability. Devaluationhasimportanteffectsonprofitabilitythrough
its impact on the relative price of capital goods. Because investment goods
combine domestic components (that is, construction or infrastructure) and
foreign components (machinery and equipment), a real depreciation raises
the real cost of imported components and acts like an adverse supply shock
on the "production" of investment goods. Buffie (1986) and Branson (1986)
note that a real depreciation increases the real cost of new capital goods
relative to domestic goods, a phenomenon that depresses investment in
nontradable activities. In the tradable goods sector, however, the cost of
new capital goods-relative to the price of output-falls, and investment
rises. The result for aggregate investment is therefore uncertain.

Theempiricalstudiesreflecttthistheoreticalambiguity. Intheshortrun
real depreciation adversely affects investment (although its long-run effect
may be positive). For example, Musalem (1989) finds that devaluation has
had an adverse effect on investment in Mexico. Faini and de Melo (1990)
arrive at similar results using data for 24 developing countries. Branson
(1986) explicitly calculates the impact of a devaluation on Tobin's Q in the
home goods sector, concluding that profits fall (along with the market value
of capital) at the same time that the real cost of new capital goods rises.
Solimano (1989), using an empirical simultaneous equation model for
Chile, also concludes that a real depreciation reduces investment in the
short run, although it recovers in the medium term. Moreover, this study
finds that a real appreciation produces an unsustainable expansion in
investment. In contrast, the empirical analysis of panel data on private
investmentfora number of developing countries (see chapter 6, "Economic
Adjustment and Investment Performance in Developing Countries: The
Experience of the 1980s," chapter 7, "Macroeconomic Environment and
Capital Formation in Latin America," and chapter 8, "Investment and
Macroeconomic Adjustment: The Case of East Asia," in this volume) shows
that the real exchange rate has an insignificant effect, in the statistical sense,
on aggregate investment; however, its variability does have a significantly
adverse effect.

In general, a high dependence on imported capital and intermediate
goods, along with a relatively low share of traded goods in total investment,
results in a contraction in investment after a real devaluation. Lizondo and
Montiel (1989) distinguish between investment in traded and nontraded
goods in a model in which capital is sector-specific. They decompose the
effect of devaluation on the cost of capital, the product wage in both sectors
(also examined by van Wijnbergen 1985 and Risager 1988), and the cost of
imported intermediate inputs. The results show that the net effect of a real
depreciation is ambiguous: investment in tradable goods increases at the
same time that investment in domestic goods declines.

Anticipated and unanticipated devaluation may affect the profitability
of investment by raising the real interest rate. Devaluation will raise the
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price of imported intermediate inputs, and wages under indexation will
rise. If monetary policy does not fully accommodate the increase in prices,
real money balances will fall, pushing the real interest rate up for a given
rate of (expected) inflation. In this way, an unanticipated devaluation
depresses the market value of existing capital and exerts an adverse effect
on investment In contrast, if devaluation was anticipated and if it elimi-
nated expectations that the currency would be devalued, investment might
expand, since the required return on capital would tend to fall, mirroring the
reduction in the anticipated rate of depreciation. This result depends on the
degree of financial openness and on the import content of investment.

Financial Effects of Devaluation. The debt crisis of the 1980s attracted
attention to the effect of devaluation on the real value of foreign currency
liabilities. Inthecaseoffirmswithfforeigndebts,cdevaluationautomatically
raises the burden of debt and thereby reduces the net worth of firms
producing home goods. If the domestic credit markets are imperfect (as is
often the case in developing countries), these firms may face credit con-
straints or higher financing costs as creditors raise interest rates to compen-
sate for the increased risk of default. These financial pressures will lead
directly to reduced investment for indebted firms at risk of bankruptcy. The
increase in the real value of the firms' foreign debt also affects investment
indirectly. As the net worth of these firms falls, so does the quality of the
portfolios of their domestic creditors. Banks and financial intermediaries
may be forced to reduce their exposure by cutting their loans-or they may
simply go bankrupt. Theensuing tightening of credit markets may reduce
the supply of credit (or raise interest rates), even for firms that have no
foreign currency liabilities. The implications for investment as financing
becomes scarce and expensive are obvious.

The financial effects of an unanticipated devaluation may require that
the government bail firms or financial intermediaries out to avoid an
epidemic of bankruptcies that could jeopardize the adjustment effort.
Financingthebailout,however, may lead toa domesticdebtoverhang, if the
government or the central bank issues bonds to cover the foreign exchange
losses of commercial banks or firms. The ensuing rise in public debt puts
upward pressure on interest rates that crowds out private investment. It is
important to note the implicit tradeoff between supporting investment
today (by subsidizing indebted firms) and supporting it tomorrow, when
previously issued public debt may crowd out investment.

Empirical studies of the financial effects of devaluation and its impact
oninvestmentarescarce;theexceptionsareEasterly (1990)and Rosensweig
and Taylor (1990). In Easterly's model,devaluation results ina drop in gross
domestic product (GDP) and in private investment, but the decline in
investment is greater than the reduction in GDP. The main cut in invest-
ment comes from corporations and is the result of a sharp increase in real
foreign indebtedness. Easterly reports that the cash flow of corporations
declines substantially as a result of capital losses on dollar debt, while the
replacement cost of capital rises sharply. Rosensweig and Taylor (1990) also
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underscore the importance of foreign currency liabilities. In their model for
Thailand, GDP increases following a real depreciation, under the assump-
tion of a strong export response to relative price incentives (ignoring capital
losses on foreign debt). Higher net worth results in more deposits to banks,
the supply of credit rises, and interest rates fall. The result is an increase in
investment. When the capital losses on foreign liabilities associated with a
devaluation are taken into consideration, however, the expansionary net
effect on exports may be offset, and domestic capital formation may fall.

Devaluation, Output, and Investment. Devaluation may also reduce
investment by depressing aggregate demand. Moreover, if investment has
a significant import content, the expansion of output is likely to be a
necessary (but not sufficient) condition to sustain investment (Serven 1990).
The literature on contractionary devaluation (Krugman and Taylor 1978;
van Wijnbergen 1982; Edwards 1988; Solimano 1986; Lizondo and Montiel
1989) emphasizes the slow working of the substitution effects arising from
devaluation. Intheshortrunitsaadverseincomeeffectsaredominant. These
effects operate through two channels on the demand side: one is the likely
trade imbalance, which results in a real income transfer to the rest of the
world (even at given terms of trade); the other is the negative effect on
consumption as real income is redistributed from wages to profits. On the
supply side three mechanisms of transmission may contribute to the
contraction in output: the increased real price of imported inputs for
domestic goods; the rise in the price of working capital (because of the
increased interest rates); and real wage resistance. If the currency devalu-
ation leads to a drop in GDP, the slump in economic activity will prompt
a cut in investment (unless the slump is perceived to be transitory). Given
strong substitution effects, however, such as a large rise in exports, GDP
will expand, a trend that will raise real income and stimulate investment
spending as the degree of capacity utilization increases. This outcome is
more likely as time passes and substitution effects gradually come into
play.

The Timing of Investment. An anticipated devaluation can have a
substantial effect on the timing of investment through its effect on interest
rates and the future price of imported capital goods (for a detailed exposi-
tion, see Serven 1990). Its effect on interest rates depends on the degree of
financial openness, that is, the costs of portfolio adjustment. In the case of
imperfect capital mobility, the domestic real interest rate is an increasing
function of the foreign real interest rate plus the expected rate of deprecia-
tion of the real exchange rate (it may also depend on the relative or absolute
stocks of financial assets). The perception that a real depreciation is
imminent will be reflected in higher real interest rates-according to the
degree of capital mobility. In this way expectations of a devaluation
represent a transitory disincentive to invest: pending the depreciation, the
real interest rate is high and investment is low. Once devaluation has taken
place, the disincentive is eliminated, and investment rises.

The import content of capital goods operates in the opposite direction.



Private lIzvestnmentt aid Macreconotmic Adjustmenf: A SU<rezi1 21

When a real depreciation is anticipated, the real price of imported capital
goods is expected to rise. Before the depreciation, imports of capital goods
are cheap and investment high (the mechanism is similar to an anticipated
increase in tariffs on investment goods). Dombusch (1985) notes that this
amounts to a transitory investment incentive that disappears once the
depreciation is implemented. The net effect on investment depends on the
degree of international capital mobility relative to the import content of
investment. When capital is highly mobile, the effect on the interest rate
dominates, and expectations of a devaluation lead to an investment slump
that will persist until the depreciation is actually undertaken. When capital
is relatively immobile and investment requires a high proportion of im-
ported capital goods, an anticipated depreciation may result in a transitory
investment boom that subsides when the depreciation occurs.

The incentive structure

A key ingredient of most adjustment packages is a change in economic
incentives that switches spending to domestic goodsand raises profitability
in the tradable sector. Thiscchange in incentives is expected to lead to a burst
of investment in tradables that boost production and economic growth and
thus ensure the sustainability of the adjustment effort.

In practice, however, the investment response often is unexpectedly
slow and weak. In the meantime the short-run deflationary consequences
ofcuts in expenditures may be magnified, causinga slump in growth. In the
face of the high costs of adjustment in terms of employment and growth, the
stabilization effort may fail.

Conventional investment theories do not explain this slow response
except by the (unconvincing) arguments that firms face rapidly increasing
costs of adjustment (an assertion that does not seem realistic), or that
investors' expectations adapt very slowly to economic changes. A more
satisfactory explanation takes into account the importance of uncertainty.

Irreversibility, uncertaiinty, and inz,estinent

Uncertainty plays a key role in investment decisions because they' are
largely irreversible. These investments represent sunk costs, since capital,
once installed, cannot be used in a different activity (without incurring a
substantial cost). As chapter 3, "Irreversibility, Uncertainty, and Invest-
ment," describes in detail, the decision to invest in an uncertain environ-
ment involves exercising an option-the option to wait for new informa-
tion. The loss of this option, which must be considered part of the
opportunity cost of investment, is overlooked in conventional calculations
of net present value. As recent studies show, this opportunity cost can be
substantial and is also very sensitive to the prevailing degree of uncertainty
about returns on the investment. Thus changes in uncertainty can have a
strong effect on aggregate investment.
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From a policy perspective, a stable incentive structure and
macroeconornic policy environment may be as important for investment as
the level of the tax incentives or the interest rate. In other words, if
uncertainty is high, investment incentives may have to be prohibitively
large to have any significant effect.

Theeffectof uncertainty is independentof investors' risk preferences or
the extent to which risks may be diversifiable. Investors may be risk-neutral
(as mostof the literature on irreversibili tyassumes)and their risks diversifiable,
but investment will still be hostage to the perceived degree of uncertainty.

From a macroeconomic perspective, different forms of uncertainty may
be relevant for investment decisions. For example, in the face of uncertain
demand (see Pindyck 1988 and Bertola 1989), firms will opt for lower
capacity if the investment is irreversible than they would under conditions
of reversibility. Theex-post capacity level may, however, actually be higher
under irreversibility, because if demand is unexpectedly low, an irrevers-
ible investment cannot be undone. Pindyck and Bertola also show that
increased volatility in demand will generally lead to reduced investment.

Dixit (1987), Krugman (1988), and Krugman and Baldwin (1987) find
that when sunk costs of entry are combined with uncertain future real
exchange rates, firms are discouraged from entering the market even
though favorable currentexchange rates would seem to make entry profit-
able. Similarly, Caballero and Corbo (1988) show that uncertainty over
future real exchange rates can depress exports. Dornbusch (1988) examines
the related issue of reversingcapital flight followinga real depreciation. He
argues that if a country wants to attract capital to irreversible fixed invest-
ment, an overdepreciation of the exchange rate may be needed to compen-
sate for the uncertainty faced by investors. The reason is that, unlike fixed
investment, foreign exchange or assets held abroad do not involve an
irreversible commitment and may be preferable to investors in the face of
high uncertainty, even though they offer a lower rate of return. Likewise,
it may be difficult to stem or reverse capital flight if the perception is that it
may become more difficult to take capital out of the country than to bring it in.

Ingersoll and Ross (1988) and Tornell (1989) examine interest rate
uncertainty in the context of irreversible investment where future returns
are known with certainty. They conclude that the effect of changes in
interest rate uncertainty on the optimal timing of investment may be
sizable. Moreover, an expected decline in future interest rates may not lead
to increased investment because the change lowers the cost of waiting, so
that the effect on investment is ambiguous. In other words, the volatility of
interest rates may have a more important effect on investment than the
actual levels of interest rates do.

The relevance of these results for macroeconomic policy in developing
countries cannot be overemphasized. Many developing countries suffer
from high, unpredictable inflation and variability of relative prices. The
findings on irreversible investment suggest that changes in prices thataffect
sectoral incentives may then be ineffective in stimulating investment. It
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may take some time before investors are convinced that the changes are
permanent. The decision to implement an adjustment program may well
increase uncertainty in the short run, as private agents get mixed signals
about which incentives apply to previous policies, which to stabilization,
and which to structural reforms. Along these lines, van Wijnbergen (1985)
shows that a trade reform suspected of being only temporary can reduce
investment in both the tradable and nontradable sectors as economic agents
postpone decisions in order to receive additional information about the
extent to which the reform measures can be viewed as permanent.

The foreign debt burden faced by highly-indebted countries and the
associated income transfers to foreign creditors are another source of
instability (Sachs 1988). In a context of uncertainty the real exchange rate
and demand management policies consistent with the required income
transfer are also uncertain. Even the amount of the income transfer is
unknown, since it depends on uncontrollable factors such as future interest
rates and terms of trade. The transfer may require changes in the real
exchange rate or fiscal contraction, or both. Thus investors face the risk of
large swings in relative prices, taxes, or aggregate demand, each of which
leads to reduced investment.

This effect may be hard to identify because foreign debt may affect
investment adversely through two additional channels (Borensztein 1990):
the debt overhang, which acts as an anticipated foreign tax on current and
future income (as part of the returns on investment accrue to foreign
creditors in the form of debt service payments); and credit rationing,
because a highly-indebted country is likely to face credit constraints in the
international capital markets. Empirical studies (see Faini and de Melo
1990; Greene and Villanueva 1991; chapter 6, "Economic Adjustment and
Investment Performance in Developing Countries: The Experience of the
1980s," in this volume) confirm that the debt burden has an adverse effect
on investment.

The role of credibility

From a policy perspective the credibility of policy reforms is an important
source of uncertainty. Unless investors view the adjustment program as
intemally consistent and are convinced the government will carry it out
despite the implied social costs, the possibility of reversal will become a key
determinant of the investment response. Governments can reverse adjust-
ment policies, but investors cannot undo decisions about fixed capital. In
such conditions the value of waiting arises from the losses that investors
would incur if the policies were reversed in the future.

Any given set of policies will affect investment depending on the level
of public confidence. Stabilization may entail marked social and economic
costs if the government's credibility is low, because the investment response
will be too low to offset the deflationary bias of demand restraint. Thus a
deep recession may develop before investors are persuaded that the gov-
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emnmentwill maintain theadjustment measures. This skepticism is particu-
larly relevant ineconomies with a historyof frequent policy swingsor failed
stabilization attempts-two features shared by many developingcountries.

The right economic incentives are a precondition for investment and
growth but not a guarantee. Obviously, credibility would help speed the
investment response and reduce the costs of adjustment, but how can
governments improve their credibility? In this context the choice between
gradual and abrupt stabilization is important. Gradual adjustment in-
volves modest objectives that can be achieved and that are intended to
strengthen the government's reputa ion. In contrast, an abrupt adjustment
involves drastic measures-an overdepreciation of the exchange rate, for
instance-to stimulate the prompt reallocation of resources (although it
could also increase the social costs). The choice will largely depend on the
social distribution of the costs of adjustment.

It is important to emphasize that a reversal of policy is an endogenous
outcome, since the privatesector ultimately determines whether theadjust-
ment program can be sustained. For example, when a large real deprecia-
tion does not attract investment to the tradable sector because confidence is
low, its only visible effects will be a decline in real income and a redistribu-
tion of income from labor to capital, especially in the tradable sector.
Because the depreciation does not compensate for the lack of credibility,
however, the increased profits will be reflected in increased capital flight.
Social pressure and balance of payments problems may eventually force a
reversal of policy, a move that confirms the initial skepticism of investors.
The same policy in a situation of high confidence can, however, lead to an
investment boom that validates the adjustment program.

This indeterminacy of the final outcome is the result of the difference
between the social and private ret-urns on investment: higher aggregate
investment helps sustain the adjustment effort and therefore results in
higher returns on investment-a mechanism individual investors will
ignore. If left to its own resources, the economy might get stuck in the "low
confidence-low investment-adjustment failure" cycle.

How can such a cycle be avoided? The answer is not simple. While
transitory investment incentives appear to be the most appropriate tool to
spur investment, in practice they run the risk of destabilizing public
finances, which often are a key element in adjustment programs. In
contrast, sufficient external support for the stabilization effort may raise
investors' confidence in the sustainability of the adjustment and set the
stage for the investment takeoff (Donibusch 1991).

lincertain ty and investinen t: Einpirical alldications

The empirical literature on the effects of uncertainty and irreversibility on
investmnent in developingcountries is sparse. Becausestructural models of
irreversible investment are analytically cumbersome, empirical studies
typically test for the effects of uncertainty by adding some measures of risk
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to otherwise conventional investment equations. For example, Solimano
(1989) investigates the effects of economic instability in an empirical simul-
taneous equation model applied to Chile. He finds that the volatility of both
the real exchange rate and outputhas a significant negative effecton private
investment, and he argues that the large swings in both variables in the
1980s may have reduced private investmentas compared with a scenario of
lower variability in relative prices and output. Dailami (1987) reports
similar results for Brazil. Dailami and Walton (1989) argue that
macroeconomic instability may be a major cause of low investment in
Zimbabwe. Multicountry studies of investment based on panel data (see
chapter 6, "Economic Adjustment and Investment Performance in Devel-
oping Countries: The Experience of the 1980s," chapter 7, "Macroeconomic
Environment and Capital Formation in Latin America," and chapter 8,
"Investment and Macroeconomic Adjustment: The Case of East Asia," in
this volume) also find that measures of macroeconomic instability, such as
the variability of the real exchange rate or of the inflation rate, have an
adverse effect on investment.

In contrast, empirical applications of structural models of irreversible
investment in developing countries have so far been very limited. Chapter
4, "On the Dynamics of Aggregate Investment," in this volume applies a
formal model based on the aggregation of individual firms' irreversible
investments to data on some developing countries (Brazil, Korea, Mexico,
and Turkey), with highly promising results.

Issues for further research

This chapter reviewed the theoretical and empirical literature on
macroeconomic adjustment and private capital formation. Further re-
search should be a priority in the following areas:

* The specific mechanisms through which the level and composition of
public investment affect private investment.

* The relationships between different types of investment, for instance,
between investment in human capital and investment in physical capital, or
between foreign and domestic investment.

* The effects of macroeconomic adjustment policies on thecomposition
and quality of investment.

* The consequences of income distribution and redistributive policies
for private investment.

* The relationship between the political regime and private capital
accumulation.

Notes

1. The authors thank the late Bela Balassa, William Branson, Ricardo
Caballero, Vittorio Corbo, Rud iger Dornbusch, and Robert Pindyck for
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helpful comments and discussion. Raimundo Soto and Walter Novaes
provided research assistance. A version of this chapter appeared in The
World Bank Research Observer (Serven and Solimano, 1992).

2. See Chapter 3, "Irreversibility, Uncertainty, and Investment," in this
volume, which presents a thoroughanalysisof the effects of uncertainty
on irreversible investment decisions.
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Irreversibility, Uncertainty, and Investment

Robert S. Pindyck

The investment behavior of firms, industries, and countries is poorly
understood, despite its importance to economic growth and market struc-
ture.' The success of econometric models in explaining and predicting
changes in investment spending has been limited, and there is no clear
explanation of why some countries or industries invest more than others.

One problem with existing models is that they ignore two important
characteristics of most investment expenditures. First, these expenditures
are largely irreversible-they involve mostly sunk costs that cannot be
recovered. Second, because the investments can be delayed, a firm can wait
for new information about prices, costs, and other market conditions before
committing its resources.

As an emerging literature shows, the ability to delay an irreversible
investmentexpenditurecanprofoundlyaffectthedecisiontoinvest. Italso
undermines the theoretical foundation of standard neoclassical investment
models and invalidates the rule of net present value. In business school,
students are usually taught to "invest in a project when the present value of
its expected cash flows is at least as large as its cost." When investments are
irreversible and decisions to invest can be postponed, this rule-and
models based on it-are incorrect.

What makes an investment expenditure a sunk cost and thus irrevers-
ible? Usually the reason is that the capital is firm- or industry-specific; it
cannot be used productively by a different firm or in a different industry.
For example, most investments in marketing and advertising are firm-
specific and henceare clearlysunk costs. A steel plantis industry-specific-
it can only be used to produce steel. Although in principle the plant could
be sold to another steel company, its cost should be viewed as mostly sunk,
particularly if the industry is competitive. The reason is that the value of the
plant will be about the same for all firms in the industry, so that little will
likely begained from selling it. (If thepriceof steel falls so thata plant turns
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out to be a bad investment, other steel companies will also view it as a bad
investment, and the ability to sell the plant will not be worth much.)

Even investments thatarenotfirm-or industry-specificareoften partly
irreversible because of the "lemons" problem. For example, although office
equipment, cars, trucks, and computers are not industry-specific, their
resale value is well below their purchase cost, even if new. Government
regulationsorinstitutional arrangementscan alsocreate irreversibility. For
example, capital controls may make it impossible for foreign (or domestic)
investors to sell assets and reallocate their funds. Investments in new
workers may be partly irreversible because of the high costs of hiring,
training, and firing.

At the same time, firms do not always have an opportunity to delay
investments. Strategicconsiderationsmayrequirethatafirminvestquickly
topreemptinvestmentbyexistingorpotentialcompetitors(seeGilbertl989
for a survey of the literature on strategic aspects of investment). In most
cases, however, delay is feasible. It may carry a cost-the risk of entry by
other firms or foregone cash flows-but this cost must be weighed against
the benefits of waiting for new information.

An irreversibleopportunity to invest is much likea financial call option.
A call option gives the holder the right, for some specified period, to pay an
exercise price and in return receive an asset (such as a shareof stock) that has
some value. Exercising theoption is irreversible: although investors can sell
the asset to other investors, they cannot retrieve the option or the money
paid to exercise it. A firm with an investment opportunity likewise has the
option to spend money (the "exercise price") now or in the future in return
for an asset (an example being a project)of some value. Again, it can sell the
asset to another firm, but it cannot reverse the investment. As with the
financial call option, thisoption to investis valuable because of the potential
for a growing net payoff if the value of the asset rises. If the asset falls in
val ue, the firm need not invest and will lose only what it spent to obtain the
investment opportunity.

How do firms obtain investment opportunities? Sometimes they get
them from patents or the ownership of land or natural resources. More
generally, they arise from a firm's managerial resources, technological
knowledge, reputation, market position, and possibly scale, which enable
the firm to undertake investments that individuals or other firms cannot
undertake.

The most important point is that these options to invest are valuable. A
substantial part of the market value of most firms arises from their options
to invest and grow, as opposed to the capital they have in place. (For
discussions of growth options as sources of a firm's value, see Myers 1977;
Kester 1984; Pindyck 1988.)

When a firm makes an irreversible investmentexpenditure, itexercises,
or "kills," its option to invest. It gives up the possibility of waiting for new
information that might affect the desirability or timing of the expenditure;
it cannot disinvest should market conditions change adversely. The value
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of this lost option is an opportunity cost that must be included as part of the
cost of the investment. As a result, the rule of net present value-"invest
when the value of a unit of capital is at least as large as its purchase and
installation cost"-must be modified. The value of the unit must exceed the
cost of the purchase and installation by an amount equal to the value of
keeping the investment option alive.

Recent studies have shown that the opportunity cost of investing can be
large and that investment rules ignoring it can be grossly in error.2 In
addition, this opportunity cost is highly sensitive to uncertainty over the
future value of the project, so that changing economic conditions affecting
the perceived riskiness of future cash flows can have a large impact on
investment spending, larger, say, than a change in interest rates. This point
may help explain why neoclassical theory on investment has not provided
good empirical models of investment behavior.

This chapter has several objectives. First, it reviews some basic models
of irreversible investment to illustrate the option-like characteristics of
investment opportuniities and to show how optimal investment rules can be
obtained from methods of option pricing or, alternatively, from dynamic
programming. In addition to demonstrating a methodology for solving a
class of investment problems, this chapter shows how the resulting rules on
investment depend on various parameters that come from the market
environment.

A second objective is to survey briefly some recent applications of this
methodology to a variety of investment problems and to the analysis of the
behavior of firms and industries. Examples include the effects ofsunkcosts
of entry, exit, and temporary shutdowns and re-start-ups on decisions
relating to investment and output, the implications of construction time
(and the option to abandon construction) for the value of a project, and the
determinants of a firm's choice of capacity. The chapter also shows how
models of irreversible investment have helped explain the prevalence of
"hysteresis," or thetendency foran effect(such as foreign sales in the United
States) to persist well after the cause that brought it about (an appreciation
of the dollar) has disappeared.

The next section uses a simple example involving two periods to
illustrate how irreversibility can affect an investment decision and how
option pricing methods can be used to value a firm's investment opportu-
nity and determine whether the firm should invest. The following section
works through a basic continuous time model of irreversible investment
that was first examined by McDonald and Siegel (1986). The firm must
decide when to invest in a project whose value follows a random walk. The
problem is solved first using option pricing methods and then by dynamic
programming, a procedure that reveals how the two approaches are re-
lated. This model is extended in the subsequent section such that the price
of the firm's output follows a random walk and the firm can (temporarily)
stop producing if the price falls below the variable cost. The section shows
how to determine both the value of the project and the value of the firm's
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option to invest in the project. It also derives the optimal investment rule
and examines its properties.

The above hvo sections use stochastic calculus. The basic techniques
and their application are described in the appendix. Readers who are less
technically inclined can skip directly to the fifth section, which surveys a
number of extensions that have appeared in the literature, as well as other
applications of the methodology, including the analysis of hysteresis.

The sixth section discusses some policy implications and suggests
future research. It is followed by a final section of conclusions.

A simple two-period example

The implications of irreversibility and the option-like nature of an invest-
ment opportunity can be demonstrated most easily with a simple two-
period example. Considera firm's decision to invest irreversibly in a widget
factory. The factory can be built instantly, at cost 1, and will produce one
widget per year forever, with zero operating cost. Currently the price of
widgets is US$100), but next year the price will change. With probability q,
it will rise to $150; with probability (1 - q) it will fall to $50 (figure 3-1). The
price will remain at this new level forever. It is assumed that this risk can
bediversified fully, so that thefirm can discount futurecash flows using the
risk-free rate, set here at 10 percent.

For the time being I = $800 and q = 0.5. (How the investment decision
depends on land q is discussed later.) Given these values for land q, is this
a good investment? Should the investment be made now, or is it better to
wait a year and see whethier the price goes up or down? Suppose the

Figure 3.1 Price of widgets
(US$)

t=0 1=t1 t=2 ......

P, =$150 P= $150
q

Pa = $100

(1 - q)\s
P. = $50 - P2 = $50 -

t Time

P Price

q A Probability

Source: Author's calculations.



Irreversibility, Uncertainly, and hnvesiment 35

investment is made now. Calculating the net present value (NPV) of this
investment in the standard way,

NPV = -800 + L 100/(1.1)' = -800 + 1,100

The net present value is positive; the current value of the widget factory
(that is, the present value of its expected cash flow) is V0 = 1,100 > 800. It
seems correct to make the investment now.

This conclusion is incorrect, however. The above calculations ignore a
cost-the opportunity cost of investing now rather than waiting and
keeping open the possibility of not investing should the price fall. To see
this, calculate the net present value of this investment opportunity, assum-
ing a wait of one year, after which the investment is made only if the price
goes up:

NPV = (0.5)[-800/1.1 + Z 150/(1.1)'] = 425/1.1 =

(Note that in year 0 there is no expenditure and no revenue. In year I the
$800 are spent only if the price rises to $150. The probability that it will rise
to that level is 0.5.) The net present value today is higher in the case of
waiting a year, so that it is clearly better to wait than to invest now.

Note that if the only choices were to invest today or never, the choice
would be to invest today. In that case the standard net present value rule
would apply, given that there is no opportunity cost to killing the option of
waiting since it is not an option. It would also be beneficial to invest today
if a disinvestment were possible the next year that permitted recovery of the
$800 should the price fall. In short, two things are needed to introduce an
opportunity cost into the calculation of net present value-irreversibility
and the ability to invest in the future as an alternative to investing today.
There are situations in which a firm cannot wait at all or for very long. (One
example is the anticipate1 entry of a competitor into a market that is large
enough for only one firm. Another example is a patent or lease of mineral
resources that is about to expire.) The less time there is to delay and the
greater thecostof delaying, the less irreversibility will affect the investment
decision. (This point is explored again in the third section in the context of
a more general model.)

What is the value of the flexibility to make the investmentdecision next
year, rather than having to invest either now or never? (This flexibility has
some value, in that the best decision is to wait rather than invest now.) The
value of this "flexibility option" is easy to calculate-it is the difference
between the two net present values, or $386 - $300 = $86.

Finally, suppose there is a futures market for widgets, with the futures
price fordeliveryone year from now equal to theexpected future spot price,
that is, $100.3 Would the ability to hedge on the futures market change the
investment decision? Specifically, would it be better to invest now rather
than after a year? The answer is no. Note that if the investment were to be
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made now, the investor would hedge by selling short futures for five
widgets; this sale would exactly offset any fluctuations in the net present
value of the project next year. However, after the sale the net present value
of the project today is $300, exactly what it is without hedging. Hence there
is no gain from hedging, and it is still better to wait until next year to make
the investment decision.

Analogy to financial opitions

The above investment opportunity is analogous to a call option on a
common stock. It gives the holder the right (which need not be exercised)
to make an investment expenditure (the exercise price of the option) and
receive an asset (a share of stock) whose value fluctuates stochastically. In
the case of the above simple example, if next year the price rises to $150, the
option can be exercised by paying $8()0, which obtains an asset that will be
worth V, = $1,650 (= I; 150/(1.1)'), where V, is the value of the investment
opportunity in the next year. If the price falls to $50, the asset would be
worth only $550, and it would not pay to exercise the option.

It was calculated above that the value of the investment opportunity
(assuming that the decision to invest can be made next year) is $386. It is
helpful to recalculate this value using standard option pricing methods,
because later such methods are used to analyze other investment problems.
Let F. denote the value today of the investment opportunity, that is, what
an investor should be willing to pay today to have theoption to invest in the
widget factory,and let F1 denote its valuenextyear. Note that F, isa random
variable; it depends on what happens to the price of widgets. If the price
rises to $150, then F, will equal X:_ 150/(1.1)' - 8(W) = $850. If the price falls
to $50, the option to ini'est will go unexercised, so that F, will equal 0. Thus
all possible values for F, are known. The problem is to find F0, the value of
the option today.

To solve this problem, assume a portfolio that has two components: the
investment opportunity itself; and a certain number of widgets. The
number of widgets is set to make the portfolio risk-free-its value next year
is independent of whether the price of widgets goes up or down. Since the
portfolio is risk-free, the rate of return on the portfolio must be the risk-free
rate. By setting the portfolio's returM equal to that rate, it is possible to
calculate the current value of the investment opportunity.

Specifically, consider a portfolio that includes the investment opportu-
nityand ashort positionofn widgets. (Ifwidgets werea traded commodity,
such as oil, a short position could be obtained by borrowing from another
prod uceror by going short in the futures market. For the moment, however,
actual implementation of this portfolio is not a concern.) The value of this
portfolio today is <Do = F, - rrPO = F, - 100)t. The value next year, <P, = F1 - tP1,
depends on PI. If P, = $150 so that F, = $850, (D = $850 - $150n. If PI = $50
so that F, = 0, (DI = - $50ui. Now, set n at a level that leaves the portfolio risk-
free, that is, so that (DI is independent of what happens to price, as follows:
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$850 -$150n =-$50n, or, n = 8.5. With n chosen this way,A1 =-$425 whether
the price goes up or down.

The return from holding this portfolio is the capital gain, ¢, - (I0, minus
any payments that must be made to hold the short position. Since the
expected rateofcapitalgainona widgetiszero(theexpected pricenextyear
is $100, the sameas this year's price), no rational investor would hold a long
position unless the expected earning were at least 10 percent. Hence selling
widgetsshortwill require a paymentof0.1P0 = $10perwidget peryear.4 The
portfolio has a short position of 8.5 widgets, so that it would have to pay out
a total of $85. Thus the return from holding this portfolio over the year is
(D - O - $85 = ( - (FQ - nPO) - $85 =-$425- FO + $850(-$85 = $340- FO

Because this return is risk-free, it must equal the risk-free rate, assumed
here to be 10 percent, times the initial value of the portfolio, D)0 = FO - nP,,:
$340- Fo = 0.1 (F0 - $850). Thus F. = $386. Note that this value is the same as
that obtained before by calculating the net present value of the investment
opportunity under the assumption that the investor pursued the optimal
strategy of waiting a year before deciding whether to invest.

The value of the investment opportunity-the value of the option to
invest in this project-is $386. The payoff from investing (exercising the
option) today is $1,100 -$800 = $300. Once the investment is made, however,
the option is gone. The opportunity cost of investing is therefore $386.
Hence thefoll cost of the investment is $800 + $386 = $1,186 > $1,100. As a
result, the investor should wait and keep the option alive rather than
investing today. This conclusion is the same as that which resulted from
comparing net present values. This time, however, the value of the option
toinvestwasalsocalculatedand wastakenexplicitlyintoaccountasoneof
the costs of investing.

The calculation of the value of the option to invest was based on the
construction ofa risk-free portfolio, which requires that theholdercan trade
(hold a long or short position in) widgets. The portfolio could just as well
have been constructed using another asset or combination of assets, whose
price is perfectly correlated with the price of widgets.

What would happen if widgets could not be traded and there were no
other assets that "spanned" the risk in a widget's price? The value of the
option to invest could still be calculated as was done at the outset-by
computing the net present v alue for each investment strategy (invest today
versus wait a year and invest if the price goes up) and picking the strategy
that yields the highest net present value. That is essentially the dynamic
programming approachi. In this case it gives exactly the same answer
because all price risk can be diversified. (The third section explores this
connection betweenopton pricingand dynamic programmingin moredetail.)

Changing the partvneters

So far the direct cost of the investment, 1, has been fixed at $800. Changing
this number and other parameters, and calculating the effects on the value
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of the investment opportunity and on the investment decision, yields
further insight. For example, by going through the same steps as above, it
is easy to see that the short position needed to obtain a risk-free portfolio
depends on I as follows: n 16.5 - 0.011. The current value of the option to
invest is then given by F, = 750 - 0.4551.

The reader can check that as long as I > $642, Fo exceeds the net benefit
from investing today (rather than waiting), which is V0 - I = $1,100 - 1. Hence
if I > $642, the investor should wait rather than invest today. However, if
I = $642, Fo = $458 = V0 - I, so that the investor would be indifferent between
investing today and waiting until next year. (This outcome can also be seen
by comparing the net present value of investing today with that of waiting
until nextyear.) If I < $642, it is better to invest today than to wait. The reason
is that in this case the lost revenue from waiting exceeds the opportunity
cost of closing off the option of waiting and not investing should the price
fall. This point is illustrated in figure 3.2, which shows the value of the
option, F., and the net payoff, V0-I, both as functions of 1. When I > $642,
F( = $750- 0.4551 > V0 - I, so that the option should be kept alive. If, however,
I < $642, $750 - 0.4551 < V0 - 1, then the option should be exercised,and its
value is just the net payoff, V, - 1.

The way in which the value of the investment option depends on q-the
probability that the price of widgets will rise next year-can also be
calculated. Once again set I = $800. The short position needed to obtain a
risk-free portfolio is independent of q, or n = 8.5. The payment required for

Figure 3.2 Option to invest in widget factory
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the short position does, however, depend on q, because the expected capital
gain on a widget depends on q. The expected rate of capital gain is [E(P1) -
PJ /P0 = q -0.5, so that the required payment per widget in the short position
is 0.1 - (q - 0.5) = 0.6 - q. By following the same steps as above, it is easy to
see that the value today of the option to invest is F0 = 773q. This value can
also be written as a function of the current value of the project, V0. With
V0 =100 + 2r (lOq+50)/ (1.1)' 600 +1 ,000q, then FO=0.773V0 -464. Finally,
note that it is better to wait rather than invest today as long as Fo > V0-l, or
q<0.88.

There is nothing special about the particular source of uncertainty in
this problem. There will be a value to waiting (that is, an opportunity cost
to investing today rather than waiting for information to arrive) whenever
the investment is irreversible and the net payoff from the investment
evolves stochastically over time. The example could have been constructed
so that the uncertainty arises over future exchange rates, factor input costs,
or government policy. For example, the payoff from investing, V, might rise
or fall in the future depending on (unpredictable) changes in policy.
Alternatively, the cost of the investment, I, might rise or fall in response to
changes in the costs of materials or in policy variables, such as the granting
or taking away of an investment subsidy or tax benefit.

In the example presented here, the unrealistic assumption was made
that there is no longer any uncertainty after the second period. It is also
possible to allow the price to change unpredictably each period. For example,
positthatat t = 2 the price, which is now at$150, could increase to $225with
probability q or fall to $75 with probability (1 - q). If the price were $50, it
could rise to $75 or fall to $25. Price could rise or fall in a similar way at t =
3, 4, and so on. The value of the option to invest and the optimal rule for
exercising that option can be worked out. Although the algebra is messier,
the method is essentially the same as for the simple two-period exercise
carried out above. (The binomial option pricing model is based on this. See
Cox, Ross, and Rubinstein 1979 and Cox and Rubinstein 1985 for detailed
discussions.) In the next section the widget example is extended by
allowing the payoff from the investment to fluctuatecontinuioutslyover time.

The next two sections make use of continuous-time stochastic pro-
cesses, as well as Ito's Lemma (which is essentially a rule for differentiating
and integrating functions of such processes). These tools, which are
becoming more and more widely used in economics and finance, provide
a convenient way of analvzing problems involving the timing of investment
and the valuation of options.'

A more general problem of investment timing

McDonald and Siegel (1986) present one of the more basic models of
irreversible investment. They considered the following problem: at what
point is it optimal to pay a sunk cost I in return for a project whose value is
V, given that V evolves according to a geometric Brownian motion:
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(3-1) dV = cxVdt + ciVdz

where dz is the incrementofa Wiener process, that is, dz =(t)(dt)I 2, with e(t)
a serially uncorrelated and normally distributed random variable. Equa-
tion (3-1) implies that the current value of the project is known but that
future values are lognormally distributed with a variance that grows
linearly with the time horizon. (See the appendix for an explanation of the
Wiener process.) Thus, although information arrives over time (the firm
observes V changing), the future value of the project is always uncertain.

McDonald and Siegel (1986) point out that the investment opportunity
is equivalent to a perpetual call option and that deciding when to invest is
equivalent to deciding when to exercise such an option. Thus, the invest-
mentdecision can be viewed as a problem of option valuation (as illustrated
by the simple example presented in the previous section). The solution to
their problem is derived here again in two ways, first, using the methods of
option pricing (contingent claims) and, second, using dynamic program-
ming. These two approaches and the assumptions that each requires are
then compared and the characteristics of the solution examined.

The use of option pricinig

Asnoted,a firm'soption to invest-to payasunkcostland receivea project
worth V-is analogous toa call optionon a stock. Unlike most financial call
options, however, it is perpetuial-it has no expiration date. This option can
be valued and the optimal exercise (investment) rule determined with the
same methods used to value financial options. (For an overview of option
pricing methods and their application, see Cox and Rubinstein 1985, Hull
1989, and Mason and Merton 1985.)

Thisapproach requiresoneimportantassumption-thatexistingassets
span stochastic changes in V. Specifically, it mustbepossible to find an asset
or construct a dynamic portfolio of assets (a portfolio whose holdings are
adjusted continuously as the prices of assets change), the price of which is
perfectly correlated with V. In other words, the markets are sufficiently
complete that the firm's decisionsdonotaffect thesetofopportunitiesavailable
to investors. The assumption of spanning should hold for most commodi-
ties that are typically traded on both the spot and futures markets and for
manufactured goods to the extent that prices are correlated with the values
of shares or portfolios. There may, however, be cases in which this assumption
will not hold; an example might be a new product unrelated to existing ones.

With the spanning assumption, the investment rule that maximizes the
firm's market value can be determined without making any assumptions
about risk preferences or discount rates, and with the investment problem
involving only the valuation of contingent claims. (As will be seen shortly,
it is possible to use dynamic programming to maximize the present value
of the firm's expected flow of profits, subject to an arbitrary discount rate,
even if spanning does not hold.)



Irreversibility, Uncertainty, and Investment 41

Let x be the price of an asset or dynamic portfolio of assets perfectly
correlated with V, and denote by Pvm the correlation of V with the market
portfolio. Then x evolves according to dx =pxdt + axdz. Further, according
to the capital asset pricing model (CAPM), the expected return on V is p =
r+opvma, where ris the risk-free rateand cis the marketpriceof risk. Assume
that a, the expected percentage rate of change of V, is less than its risk-
adjusted return, p. (As will become clear, the firm would never invest if this
condition were not present. No matter what the current level of V, the firm
would always be better off simply holding on to the option to invest.) The
difference between p and a is denoted by 8, that is, 8 = ,. - u.

A few words about the meaning of 6 are in order, given the important
role it plays in this model. The analogy with a financial call option is helpful
here. If V were the priceof a shareof common stock, 6 would be thedividend
rate on the stock. The total expected return on the stock would be p = 6 + a,
or the dividend rate plus the expected rate of capital gain.

If the dividend rate 6 were zero, a call option on the stock would never
beexercised prematurely but would always beheld to maturity. The reason
is that the entire return on the stock is captured in its price movements, and
hence by the call option, so that there is no cost to keeping the option alive.
If, however, the dividend rate is positive, keeping the option alive rather
than exercising it carries an opportunity cost. That cost is the dividend
stream that is foregone by holding the option rather than the stock. Since 8
is a proportional dividend rate, the higher the price of the stock is, the
greater the flow of dividends is. At some high enough price, the opportu-
nitycostof foregonedividends becomes high enough to make itworthwhile
to exercise the option.

For the present investment problem, p. is the expected rate of return
from owning thecompleted project. It is the equilibrium rate established by
thecapital market, and it includes an appropriate risk premium. If S > 0, the
expected rate of capital gain on the project is less than p.. Hence 6 is an
opportunity cost of delaying construction of the project, and instenad keeping the
option to invest alive. If 6 were zero, there would be no opportunity cost to
keeping the option alive, and the investment would never be worthwhile,
no matter how high the net present value of the project. For that reason 6
is assumed to be greaterthanO. On theotherhand, if 6 is very large, theva!ue
of the option will be very small because the opportunity cost of waiting is
large. As 6approaches infinity, the valueof theoption goes tozero. Ineffect,
the only choices are to invest now or never, and the standard net present
value rule will again apply.

The parameter S can be interpreted in different ways. For example, it
could reflect competitors' entry and expansion of capacity. It could simply
reflect the cash flows from the project. If the project is infinitely lived, then
equation (3-1) can represent the evolution of V during the operation of the
project, and 6V is the rate of cash flow the project yields. Since 6 is assumed
to be constant, this interpretation is consistent with the point that future
cash flows are a constant proportion of the project's market value.6
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Equation (3-1) is an abstraction from most real projects. For example,
if the variable cost is positive and a project can be shut down temporarily
when price falls below the variable cost, V will not follow a lognormal
process, even if the price of the output does. Nonetheless, equation (3-1) is
a useful simplification that will help clarify the maineffectsof irreversibility
and uncertainty. More complicated-and hopefully more realistic-mod-
els are discussed later.

Solvinig the investment problem

As to the valuation of the investment opportunity and the optirnal invest-
ment rule, letF = F(V) be the valueof the firm'soption to invest. To find F(V)
and the optimal investment rule, consider the return on the following
portfolio: hold theoption, which is worth F(V), and go shortdF/dV (denoted
F", for brevity) units of the project (or, equivalently, of the asset or portfolio
x). Using subscripts to denote derivatives, the value of this portfolio is P =
F - F V. Note that this portfolio is dynamic; as V changes, F, may change,
in which case the composition of the portfolio will be changed.

The short position in this portfolio wili require a payment of 8VF ,
dollars per time period; otherwise no rational investor will enter into the
long side of the transaction. (To see this assertion, note that an investor
holding a long position in the project will demand the risk-adjusted return
pV, which includes the capital gain plhs the dividend stream 5V. Since the
short position includes Fv units of the project, it will require paying 6VFv.)
With this point taken into account, the total return from holding the
portfolio over a short time interval dt is dF - F,dV - SVFvLt. It will be seen
shortly that this return is risk-free. Hence, to avoid arbitrage possibilities
the return must equal r(F - F, V)dt:

(3-2) dF - FV,dV - 6VFv1 tt = r(F - FvV)dt.

To obtain an expression for diF, use Ito's Lemma:

(3-3) dF = Fvi1V + (1 /2)FVv(d V)2.

(Ito's Lemma is explained in the appendix. Note that higher order terms
vanish.) Now substitute equation (3-1) for dV, with ox replaced by ut-6 and
(dV)2 = & V2dt into equafion (3-3):

(3-4) dF = (1. - 6)VF1.dt + aVF,dz + (1/2)2V'-F 1 1VVdt.

Finally, substitute equation (3-4) into equation (3-2), rearrange the terms,
and note thatall the terms indzcancel out, so that the portfolio is indeed risk-
free:

(3-5) (I /2)02 VY,! + (r - 8) VF, - rF = O.
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Equation (3-5) is a differential equation that F(V) must satisfy. In
addition, F(V) must satisfy the following boundary conditions:

(3-6) F(O) = 0

(3-7) F(V)=V-I

(3-8) F,(V) = 1.

Condition (3-6) says that if V goes to zero, it will stay at zero (an implication
of equation (3-1]), so that the option to invest will be of no value. V' is the
price at which it is optimal to invest, and condition (3-7) just says that upon
investing the firm receives a net payoff of V - I. Condition (3-8) is called the
"smooth pasting" condition. If F(V) were not continuous and smooth at the
critical exercise point V, an investor could do better by exercising at a
different point.'

To find F(V), solve equation (3-5) subject to the boundary conditions
(3-6)-(3-8). In this case it is possible to guess a functional form and to
determine by substitution if it works. It is easy to see that the solution to
equation (3-5), one that also satisfies condition (3-6), is:

(3-9) F( V) = a V

where a is a constant and f is given by:8

(3-10) g = 1/2 - (r - 6)/02 + f[(r - 8)/02 _ 1/212 + 2r/52)1 /2 .

The remaining boundary conditions, (3-7) and (3-8), can be used to
solve for the two remaining unknowns: the constanta; and the critical value
V at which it is optimal to invest. By substituting equation (3-9) into
conditions (3-7) and (3-8), it is easy to see that:

(3-11) V = 1g1/(f3-1)

and

(3-12) a (V' - I)/(V'.

Equations (3-9)-(3-12)givethevalueof theinvestmentopportunityand
theoptimal investmentrule, that is, thecritical value V'atwhich itisoptimal
(in the sense of maximizing the firm's market value) to invest.

The characteristics of this solution will be examined below. The point
here is that this solution was obtained by showing that a hedged (risk-free)
portfolio could be constructed consisting of the option to invest and a short
position in the project. However, F(V) must be the solution to equation
(3-5) even if the option to invest (or the project) does not exist and could not
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be included in the hedge portfolio. All that is required is spanning-it must
be possible to find or construct an assetordynamic portfolio of assets, x, that
replicates the stochastic dynamics of V. As Merton (1977) has shown, the
value function can be replicated with a portfolio consisting only of the asset
x and risk-free bonds. Since the value of this portfolio will have the same
dynamics as F(V), the solution to equation (3-5), F(V) must be the value
function to avoid dominance.

Dynamic programmning

As discussed, spanning will not always hold. In that case, the investment
problem can still be solved using dynamic programmning. To solve the
problem with this method, a rule is needed that maximizes the value of the
investment opportunity, F(V):

(3-13) F(V) = max E[(VT - l)etPI

where E, denotes the expectation at time t, T is the (unknown) future time at
which the investment is mnade, Mt is the discount rate, and the maximization is
subject to equabon (3-1) for V. Assume, again, that V > a, and denote 6 = R - a.

Since the investment opportunity, F(V), yields no cash flows up to time
Twhen the investment is made, the only return from holding it is its capital
appreciation. As shown in the appendix, the Bellman equation for this
problem is therefore:

(3-14) pF = (I/dt)E,dF.

Equation (3-14) says that the total instantaneous return on the investment
opportunity, pIF, is equal to its expected rate of capital appreciation.

Ito's Lemma was used to obtain equation (3-3) for dF. Now substitute
equation (3-1) for dV and (dV)2 into equation (3-3) to obtain the following
expression for dF:

(3-15) dF = xVFVdt + GVFv,dz + (I /2)a2 V2 FAvdt.

Since E,(dz)= 0, then (l/dt)E,dF =c,VFV + (1/2)&'V2FVV. As such, equation
(3-14) can be rewritten as:

(3-16) (1/2)a&V2F,v + ±aVFv - giF 0

or, substituting a = 11 - 8,

(3-17) (1/2)&PV'FVv + ("t - 6)VFV - F= 0.

Observe that this equation is almost identical to equation (3-5); the only
difference is that the discount rate Ht replaces the risk-free rate, r. The
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boundary conditions (3-6)-(3-8) also apply here for the same reasons as
before. (Note that condition [3-8] follows from the fact that V' is chosen to
maximize the net payoff V - I.) Hence the contingent claims solution to the
investment problem is equivalent to a dynamic programming solution,
under the assumption of risk neutrality. 9

Again, if spanning does not hold, the investment problem can still be
solved subject to somediscount rate. Thesolution will clearly beof thesame
form, and the effects of changes in c3 or 6 will likewise be the same.

One point is worth noting, however. Without spanning, there is no
theory for determining the "correct" value of the discount rate .1 (unless
restrictive assumptions are made about investors' or managers' utility
functions). The CAPM, for example, would not hold and could not be used
to calculate a risk-adjusted discount rate.

Characteristics of the solition

Under the assumption that spanning holds, examine the optimal investment
rule given by equations (3-9)-(3-12). A few numerical solutions will help
illustratethe results and show how thev depend on the values of the various
parameters. As will be seen, these results are qualitatively the same as those
that follow from standard option pricing models. Unless otherwise noted,
in what follows r = 0.04, 6 = 0.04, and the cost of the investment, I, equals 1.

Figure 3-3 shows the value of the investment opportunity, F(V), for
a =0.2 and 0.3. (These values are conservative for many projects; in volatile
markets, the standard deviation of the annual changes in a project's value
can easily exceed 20 percent or 30 percent.) The tangency point of F(V) with
the line V-1 gives the critical value of V, V'; the firm should invest only if
VŽV. For any positive a, V > I. Thus the standard net present value rule,
"invest when the value of a project is at least as great as its cost," must be
modified to include the opportunity cost of investing now rather than
waiting. Thatopportunitycost is exactly F(V). When V<V, V< I+ F(V), that
is, the value of the project is less than itsfiull cost, the direct cost I plus the
opportunity cost of "killing" the investment option.

Note that F(V) increases when ca increases, as does the critical value V.
Thus uncertainty increases the value of a firm's investment opportunities
but decreases the amount of actual investng by a firm. As a result, when a
firm's market or economic environment becomes more uncertain, the
market value of the firm can go up, even though the firm does less investing
and perhaps produces less.

This pattern should make it easier to understand the behavior of oil
companies during the mid-1980s. During this period oil prices fell, but the
perceived uncertainty over futureoil prices rose. In response,oil companies
paid more than ever for offshore leases and other oil-bearing lands, even
though their development expenditures fell and they produced less.

Finally, note that the results regarding the effects of uncertainty involve
no assumptions about risk preferences or the extent to which the riskiness
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Figure 3.3 Value of investment opportunity [F(V)]
(for a = 0.2 and 0.3)
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of V is correlated with the market. Firms can be risk-neutral, and stochastic
changes in V can be completely diversifiable; an increase in a will still
increase Vi and hence tend to depress investment.

Figures 34 and 3-5 show how F(V) and V depend on 6. Observe that
an increase in 6 from 0.04 to 0.08 results in a decrease in F(V) and therefore
a decrease in the critical value V. (in the limit as 5 -4 o, F(V) -0 for V < I
and V' .- 1, as figure 3-5 shows.) The reason is that as 8 becomes larger, the
expected rate of growth of V falls, and theexpected appreciation in the value
of the option to invest and acquire V falls. In effect, it becomes costlier to
wait rather than invest now. To see this conclusion, consider an investment
in an apartment building, where SV is the net flow of rental income. The
total return on thebuilding, which must equal the risk-adjusted market rate,
has two components-this income flow plus the expected rate of capital
gain. Hence the greater the income flow is relative to the total return on the
building, the more an investor foregoes by holding anoption to invest in the
building rather than owning the building itself.

If the risk-free rate, r, is increased, F(V) rises, as does V. The reason is
that the present value of an investment expenditure I made at a future time
T is lerT. The present value of the project that is received in return for that
expenditure is, however, VeST. Hence, with 6 fixed, an increase in r reduces
the presentvalueof thecost of the investment butdoes not reduce its payoff.
At the same time, note that although an increase in r raises the value of a
firm's investment options, it also results in fewer of those options being
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Figure 3.4 Value of investment opportunity [F(V)1
(for 6 = 0.04 and 0.08)
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Figure 3.5 Threshold value of project (V*) as a function of the rental
rate (6)
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exercised. Hence higher (real) interest rates reduce investment, but for a
different reason than in the standard model.

The value of a project and the decision to invest

As mentioned, equation (3-1) is an abstraction from most real projects. A
more realistic model would treat the price of the project's output, rather
than the value of the project, as a geometric random walk (and possibly one
or more factor input costs as well). It would also allow the project to be shut
down (permanently or temporarily) if prices fell below the variable cost.
The model developed in the previous section can easily be extended in this
way. In so doing, it can be seen that option pricing methods can be used to
find the value of the project and the optimal investment rule.

Suppose the output price, P, follows the stochastic process:

(3-18) IP = aPdt + GPdz.

Assume that a < pt, where M is the expected rate return on P, adjusted for
market risk, or an asset perfectly correlated with P, and let 6 = 1 -a as before.
If the output is a storable commodity (such as oil or copper), 6 will represent
the net mnarginal convenience yield from storage, or the flow of benefits (less
storage costs) that the marginal stored unit provides. Assume for simplicity
that 6 is constant. (For most commodities, the marginal convenience yield
fluctuates as the total amount of storage fluctuates.) Also assume that: (a)
the marginal and average cost of production is equal to a constant, c; (b) the
project can be shut down with no cost if P falls below c and can later be
restarted if P rises above c; and (c) the project produces one unit of output
per period and is infinitely lived, and the (sunk) cost of investing in the
project is 1.

Therearenow two problems to solve. The first is to find the valueof this
project, V(P). To solve this problem, remember that the project itself is a set
of options." Specifically, once the project has been built, the firm has, for
each future time t, an option to produce a unit of output, that is, an option
to pay c and receive P. Hence the project is equivalent to a large number (in
this case, an infinite number, because the project is assumed to last indefi-
nitely) of operating options, and it can be valued accordingly.

The second problem is to find the value of the firm's option to invest in
the project, given the project's value, and the optimal exercise (investment)
rule. The solution boils downi to finding a critical P, at which the firm
invests only if P > P'. As shown below, the two steps of this problem can be
solved sequentially by the same methods used in the previous section."

Valuing the project

If it is assumed that existing assets span the uncertainty over P, the project
(as well as the option to invest) can be valued using contingent claim
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methods. Otherwise, a discount rate can be specified and dynamic pro-
gramming can be used. Here spanning is assumed and the first approach
used.

As before, constructa risk-free portfolio,one inwhich the project is held
long and VP units of the output are held short. This portfolio has a value of
V(P) - VpP and yields an instantaneous cash flow ofj(P- c)dt - 8VPPdt, where
j = 1 if P > c so that the firm is producing, and j = 0 otherwise. (Recall that
8VpPdt is the payment required to maintain the short position.) The total
return on the portfolio is thus dV- V$P + j(P- c)dt- 6VpPdt. Since this return
is risk-free, set it equal to r(V - VpP)dt. Expanding dV using Ito's Lemma,
substituting equation (3-18) for dP, and rearranging yield the following
differential equation for V:

(3-19) (1 /2)cF2P2 Vpp + (r - 8)PVP - rV + j(P - c) = 0.

This equation must be solved subject to the following boundary condi-
tions:

(3-20) V(0) = 0

(3-21) V(c ) = V(c)

(3-22) Vp(c) = Vp(c-)

(3-23) lim V P16 - clr.
P 4. o

Condition (3-20) is an implication of equation (3-18): if P is ever zero, it will
remain zero, and the project has no value. Condition (3-23) says that as P
becomes very large, the probability that over any finite time period it will
fall below cost and production will cease becomes very small. Hence the
value of the project approaches the difference between two perpetuities: a
flow of revenue, P, that is discounted at the risk-adjusted rate p but is
expected to grow at rate ct and a flow of cost, c, which is constant and hence
is discounted at rate r. Finally, conditions (3-19) and (3-20) say that the
project's value is a continuous and smooth function of P.

The solution to equation (3-18) has two parts, one for P < c and one for
P > c. The reader can check by substitution that the following satisfies
equation (3-18) as well as boundary conditions (3-21) and (3-23):

(3-24) V(P) =.A PO,P ; P < c
[A,P5 + P18 - clr ; P> c

where:12

el = 1/2 - (r - /)102 + l[(r - 6)/02 - 1/212 + 2r/0211/2
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and

, = 1/2 - (r- 6)/a2 - {[(r- 6)/2 - 1/2]2 + 2r/o2 11/
2.

The constants A, and A, can be found by applying boundary conditions (3-
21) and (3-22):

A _ r-p,(r-6) c

A, = r-f (r-6) c

The solution for V(P) (equation [3-24]) can be interpreted as follows.
When P <c, the project is not producing. Then AIP"' is the value of the firm's
options to produce in the future when P increases. When I' > c, the project
is producing. If, irrespective of changes in P, the firm had no choice but to
continue producing throughout the future, the present value of the future
flow of profits would be given by P/ - c/r. However, should P fall, the firm
can stop producing and avoid losses. The value of its option to stop
producing is A2I-Q

2.

A numerical example helps illustrate this solution. Unless otherwise
noted, r = 0.04, a = 0.04, and c = 10. Figure 3-6 shows V(P) for a = 0, 0.2, and
0.4. When o = 0, there is no possibility that P will rise in the future, and the
firm will not produce (and has no value) unless P > 0. If P > 10, V(P) = (P -
10)/0.04 = 25P - 250. However, if a > 0, the firm always has some value as
long as P > 0; although the firm may not be producing today, it is likely to
produce in the future. Moreover, since the upside potential for future profit
is unlimited while the downside is limited to zero, the greater a is, the
greater the expected future flow of profits is and the higher V is.

Figure 3-7 shows V(P) for a = 0.2 and 6 = 0.02, 0.04, and 0.08. For any
fixed discount rate adjusted for risk, a higher value of 8 means a lower
expected rate of appreciation of prices and hence a lower value for the firm.

The investment decision

With the value of the project known, the next step is to find the optimal
investment rule. Specifically, what is tie val ue of the firm's option to invest
as a function of price P, and at what critical price I" should the firm exercise
that option by spending an amount I to purchase the project?

In the context of the same steps as above, the value of the firm's option
to invest, F(P), must satisfy the following differential equation:

(3-25) (1 /2)&2P2 Fpp + (r - 6)PFP - rF = 0.

F(P) must also safisfy the following boundary conditions:
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Figure 3.6 Value of project [V(P)]
(for a= 0, 0.02 and 0.4)
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Figure 3.7 Value of project [V(P)]
(for 5 = 0.02, 0.04 and 0.08)
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(3-26) F(0) = 0

(3-27) F(P ) = V(P*) - I

(3-28) Fp(,') = VP(M).

These conditions can be interpreted in the same way as conditions (3-6)-(3-
8) for the model presented in the third section. The difference is that the
payoff from investment V is now a function of price P.

The solution to equation (3-25) and boundary condition (3-26) is:

(3-29) F(P) = faP- ,P<P-
V(P) - 1, P > P*

where f, is given above under equation (3-24). To find the constant a and
the critical price P, boundary conditions (3-27) and (3-28) are used. If
equation (3-29) for F(P) and equation (3-24) for V(P) (for P > c) are substi-
tuted into boundary conditions (3-27) and (3-28), the constant a is given by:

(3-30) a 3 Ao (P*) AP- )+ I (P*) - P)i,

and the critical price P* is the solution to

AP,- P2 01 -)P*/1
(3-31) (P*)5 + P* -c/r- I = 0

Equation (3-31), which is easily solved numerically, gives the optimal
investment rule. (Note, first, that equation [3-31] has a unique positive
solution for P that is larger than cand, second, that V(P')> 1,so that the net
present value of the project must exceed zero before it is optimal to invest.)

This solution is shown graphically in figure 3-8 for ay = 0.2,5 = 0.04, and
I = 100. The figure plots F(P) and V(P) - 1. From boundary condition (3-27)
it can be seen that P satisfies F(P-) = V(P ) - I, and from boundary condition
(3-28) that P is at a point of tangency of the two curves.

The comparative statics for changes in cor 8 are of interest. As was seen,
an increase in ca results in an increase in V(P) for any P. (The project is a set
of call options on future production, and the greater the volatility of prices
is, the greater the value of these options is.) Although an increase in a raises
the value of the project, it also raises the critical price at which it is optimal
to invest, that is, arPlac > 0. The reason is that for any P, the opportunity
cost of investing, F(P), increases even more than V(P). Hence, as with the
simpler model presented in the previous section, greater uncertainty re-
duces investment. This conclusion is illustrated in figure 3-9, which shows
F(P) and V(P) - I for ca = 0, 0.2, and 0.4. When aY = 0, the critical price is 14,
which just makes the val ue of the project equal to its cost of 1 00. As a5 rises,
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Figure 3.8 Net payoff from project [V(P)-I] and value of investment
opportunity [F(P)]
(for a = 0.2 and 6 0.04)
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Figure 3.9 Net payoff from project [V(P)-I] and value of investment
opportunity [F(P)]
(for a = 0.(), 0).2, and ().4)
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both V(P) and F(P) increase; Pt is 23.8 for c; = 0.2 and 34.9 for a = 0.4.
An increase in 8 also boosts the critical price P at which the firm should

invest. There are twoopposingeffects. If 8 is larger, so thattheexpected rate
of increase of P is smaller, options on future production have a lower value,
so that V(P) is smaller. At the same time, the opportunity cost of waiting to
invest rises (the expected rate of growth of FIP] is smaller), so that there is
more incentive to exercise the investment option than to keep it alive. The
first effectdomina tes, however, so that a higher 5 results in a higher P. This
point is illustrated in figure 3-10, which shows F(P) and V(P) - I for 5 =0.04
and 0.08. Note that when 6 goes up, V(P) and hence F(P) fall sharply, and
the tangency at 1' moves to the right.

This result mig,ht at first seem to contradict what the simpler model in
the third section says. Recall that in that model an increase in o reduces the
critical value of theproject, V,at which the firm should invest. Although in
this model P' is higher when 8 is larger, the corresponding value of the
project, V(P) is lower. This outcome can be seen from figure 3-11, which
shows P' as a function of a for 8 = 0.04 and 0.08, and in figure 3-12, which
shows V(P). If a is, say, 0.2 and 6 is increased from 0.04 to 0.08, P will rise
from 23.8 to 29.2. Even at the higher P, however, V is lower. Thus V = V(P )
is declining with 8, just as in the simpler model.

This model shows how uncertainty over future prices affects both the
valueof a projectand the decision to invest. As discussed in the next section,
the model can easily be expanded to allow for the fixed costs of temporarily
stopping and restarting prod uction, if such costs are important. Expanded
in this way, models such as this one can have practical application, espe-

Figure 3.10 Net payoff from project [V(P)-Il and value of investment
opportunity [F(P)]
(for a= 0.04 and 0.08)
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Figure 3.11 Threshold price level (P*) vs. standard deviation of value of
project (ca)
(for 8 = 0.04 and 0.08)
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Figure 3.12 Threshold value of project [V(P*)] vs. standard deviation of
value of project (a)
(for 8 = 0.04 and 0.08)
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cially if the project is one that produces a traded commodity, for example,
copper or oil. In that case, o and 8 can be determined directly from data on
the futures and spot markets.

Alternative stochastic processes

The geometric random walk of equation (3-18) is convenient in that it
permits an analytical solubon. However, the price, P, might be better
represented by a different stochastic process. For example, it could be
argued that over the long run the price of a commodity will follow a mean-
reverting process (with the mean reflecting the long-run marginal cost and
perhaps varying over time). The model can be adapted to allow for this
process or foralternative stochastic processes for P. In mostcases, however,
numerical methods will be necessary to obtain a solution.

As an example, suppose P follows the mean-reverting process

(3-32) dP/P = A (P5--P)dt + odz.

Here P tends to revert back to a "normal" level, P (which might be the long-
run marginal cost in the case of a commodity such as copper or coffee). With
thesameargumentsas wereapplied earlier, itiseasy to show that V(P) must
then satisfy the following differential equation:

(3-33) (1/2)a 2 P2 Vpp + [(r - [ - X)P + X PPVP - rV + j(P - c) = 0,

together with boundary conditions (3-20)-(3-22). The value of the invest-
ment option, F(P), must satisfy:

(3-34) (1/2)cP 2 Fpp + [(r - - X)P + X IIPFP - rF = 0

with boundary conditions (3-26)-(3-28). Equations (3-33) and (3-34) are
ordinary differential equations, so that solution by numerical methods is
relatively straightforward.

Extensions

The models presented in the previous two sections, although fairly simple,
illustrate how a project and an investment opportunity can be viewed as a
set of options and valued accordingly. These insights have been extended
to a variety of problems involving decisions related to investment and
production under uncertainty. This section reviews someof theextensions.

Siunk costs and hysteresis

The third and fourth sections examined models in which the investment
expenditure is a sunk cost. Because the future value of the project is
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uncertain, there is an opportunity cost to investing that drives a wedge
between the current value of the project and the direct cost of the investment.

In general, there may be a variety of sunk costs. For example, there may
be a sunk cost of exiting an industry or abandoning a project. This costcould
includesuch items as severance pay for workers and land reclamation in the
case of a mine. 3 Because the value of the project might rise in the future, the
sunk cost in turn creates an opportunity cost of shutting down. Sunk costs
may also be associated with the operation of the project. In the fourth
section it was assumed that the firm could stop and restart production with
no cost. For most projects are, however, the sunk costs involved even in
shutting down temporarily and restarting are likely to be substantial.

Brennan and Schwartz (1985) and Dixit (1989a) have studied the
valuation of projects and the decision to invest when there are sunk costs of
this sort. Brennan and Schwartz (1985) analyze the effects of sunk costs on
the decision to open and close a mine (temporarily or permanently) when
the price of the resource follows equation (3-17). Their model accounts for
the fact that a mine is subject to cave-ins and flooding when not in use and
that a temporary shutdown requires expenditures to avoid these possibili-
ties. Likewise, re-opening a temporarily closed mine requires a substantial
expenditure. Finally, a mine can be closed permanently. This decision will
involve costs for land reclamation (but avoids the cost of a temporary
shutdown).

Brennan and Schwartz obtain an analytical solution for the case of an
infinite stock of resources. (Solutions can also be obtained for a finite stock
of resources, but they require numerical methods.) Their solution gives the
value of the mine as a function of the price of the resources and the current
state of the mine (open or closed). I ta Iso gives the decision rule for changing
the state of the mine (opening a closed mine or temporarily or permanently
closing an open mine). Finally, given the value of the mine, Brennan and
Schwartz show how (in principle) an option to invest in the mine can be
valued and the optimal investment rule determined, using a contingent
claim approach such as that in the fourth section.'4

By working through a realistic example of a copper mine, Brennan and
Schwartz show how the methods discussed in this paper can be applied in
practice. Their work also shows, however, how the sunk costs of opening
and closinga minecan explain thehysteresis (that is, effects that persistafter
the causes that brought them about have disappeared) often observed in
extractive resource industries: during periods of low prices managers often
continue to operate unprofitable mines that had been opened when prices
were high; at other times managers fail to re-open seemingly profitable ones
that had been closed when prices were low.

Dixit (1989a) develops this insight further. He studies a model with
sunkcosts kand 1, respectively, forentryand exit. The projectproducesone
unit of output per period, with a variable cost of ut'. The output price, P,
follows equation (3-18). If c = O, the standard result holds-enter (that is,
spend k) if P> 7t + pk,and exit if P•L' - pl, wherep is the firm's discount rate.'5
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However, if a > 0, there are opportunity costs to entering or exiting. These
costs raise the critical price above which it is optimal to enter and lower the
critical price below which it is optimal to exit. (Furthermore, numerical
simulations show that ay need not be large to induce a significant effect.)

These models help explain the prevalence of hysteresis. In Dixit's
model, firms that entered an industry when the price was high may remain
there for an extended period even though the price has fallen below the
variable cost, so that they are losing money. (The price may rise in the
future, and to exit and later re-enter involves sunk costs.) In addition, firms
that leave an industry after a protracted period of low prices may hesitate
to re-enter, even after prices have risen enough to make entry seem profit-
able. Similarly, the Brennan and Schwartz model shows why many copper
mines built during the 1 970s, when copper prices were high, were keptopen
during the mid-1980s when copper prices had fallen to their lowest levels
(in real terms) since the Great Depression.

The fact that the movement of exchange rates during the 1980s left the
United States with a persistent trade deficit can also be seen as a result of
hysteresis. Dixit (1989b), for example, models entry by Japanese firms into
the U.S. market when the exchange rate follows a geometric Brownian
motion. Again, there are sunk costs of entry and exit. The Japanese firms
are ordered according to their variable costs, and all firms are price-takers.
As with the models discussed above, the sunk costs combined with the
uncertainty over the exchange rates create opportunity costs of entering or
exiting the U.S. market. As a result, there is an exchange rate band within
which Japanese firms neither enter nor exit, and the U.S. market price will
not vary as long as the fluctuations in the exchange rates are within this
band. Baldwin (1988) and Baldwin and Krugman (1989) develop related
models that yield similar results. These models help explain the low rate at
which changes in exchange rates are passed through, a phenomenon
observed during the 1980s, and the persistence of the U.S. trade deficit even
after the dollar depreciated. (Baldwin 1988 also provides empirical evi-
dence that the overvaluation of theldollarduring theearlv 1980s was indeed
a shock that induced hysteresis.)

Sunk costs of entry and exit can also have hysteretic effects on the
exchange rate itself and on prices. Baldwin and Krugman (1989), for
example, show how the entry and1 exit decisiotns described above feed back
to the exchange rate. In their model, a policy change (for example, a
reduction in the supply of money) that causes the currency to appreciate
sharply can lead to entry by foreign firms, which in turn will lead to an
equilibrium exchange rate that is belo7 the original one. (Krugman 1989 also
discusses these ideas.) Similar effects occur with prices. In the case of
copper, the reluctance of firms to close mines during the mid-1980s, when
demand was weak, allowed the price to fall even more than it would have
otherwise.

Finally, sunk costs may be important in explaining the dependence of
consumerspending, particularly fordurablegoods,on incomeand wealth.
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Most purchases of consumer durables are at least partly irreversible. Lam
(1989)develops a model thataccounts for this phenomenon and shows how
irreversibility results in a sluggish adjustment of the stock of durables to
changes in income. Grossman and Laroque (1990) study choices in con-
sumption and portfolios when a durable good generates the consumption
services and a transaction cost has to be paid when the good is sold. Unlike
in standard models (forexample, Merton 1971), optimal consumption is not
a smooth function of wealth; a large change in wealth has to occur before
consumerswillchangetheirholdingsof durablesand hence theirconsump-
tion. As a result, the consumption-based CAPM fails to hold (although the
market portfolio-based CAPM does hold).

Sequiential investment

Many investments occur in stages that must be carried out sequentially, and
sometimes the payoffs from or costs of completing each stage are uncertain.
For example, investment in a new line of aircraft begins with engineering
and continues with the production and testing of prototypes and the final
tooling stages. An investment in a new drug by a pharmaceutical company
begins with research that (witth some probability) leads to a new compound,
continues with extensive testing until the approval of the U.S. Food and
Drug Administration is obtained, and concludes with the construction of a
production facility and marketing of the product.

Sequential investment programs can take substantial time to complete
(5-10 years for the above examples). In addition, they can be temporarily or
permanently abandoned mid-stream if the value of the end product falls or
the expected cost of completing the investment rises. Hence these invest-
ments can be viewed as compound options: each stagecompleted (or dollar
invested) gives the firm an option to complete the next stage (or invest the
next dollar).

The problem is finding a contingent plan for making these sequential
and irreversible expendiitures. Majd and Pindyck (1987) solve this problem
in a model in which a firm invests continuously (each dollar spent brings an
option to spend the next dollar) until the project is completed, investment
can be stopped and later restarted at no cost, and there is a maximum rate
at which outlays and construction can proceed (in other words, the project
takes "time to build"). The payoff to the firm upon completion (that is, the
value of the operating project) is V, which follows the geometric Brownian
motion of equation (3-1). With K, the total remainingexpenditure required
tocomplete theproject, theoptimal ruleis to keep investingat the maximum
rate as long as V exceeds a critical value V+(K), with d1V/dK < 0. Based on
the methods presented in the third and fourth sections, deriving a partial
differential equation for F(V,K), the value of the investmentopportunity, is
straightforward. Solutions to this equation and its associated boundary
conditions, which are obtained by numerical methods, yield the optimal
investment rule V(K). 6
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These solutions show how time to build magnifies the effects of irre-
versibility and uncertainty. The lower the maximum rate of investment is
(the longer it takes to complete the project), the higher the critical V"(K)
required for construction to proceed is. The reasons are that the project's
value upon completion is more uncertain, and the expected rate of growth
of V over the construction period is less than t, the risk-adjusted rate of
return (5 is positive). Further, unlike the model in the third section where
thecritical value Vdeclines monotonically w;ith 6, with timeto build, V will
increase with 8 when S is large. The reason is that while a higher 5 increases
the opportunity cost of waiting to begin construction, it also reduces the
expected rate of growth of V during the construction period, so that the
(risk-adjusted) expected payoff from completing construction is reduced.
Finally, by computing F(V,K) for different maximum rates of investment,
the value of flexibility in the construction time can be determined, that is,
what an investor would be willing to pay to be able to build the project faster.17

In the Majd-Pindyck model investment occurs as a continuous flow-
each dollar spent gives the firm an option to spend another dollar, up to the
lastdollar thatgives the firm a completed project. Often, however, sequen-
tial investments occur in discrete stages, as with the aircraft and pharmaceu-
tical examples. In these cases the optimal investment rule can be found by
working backwards from the completed project, as was done with the
model in the fourth section.

To see how to carry out this calculation, consider a two-stage invest-
ment in new capacity to produce oil. First, reserves of oil must be obtained
through exploration or outright purchase at a cost of 1,. Second, develop-
ment wells (and possibly pipelines) must be built at a cost of 1,. Let I' be the
price of oil and assume it follows the geometric Brownian motion of
equation (3-18). The firm thus begins with an option, worth F,(P), to invest
in reserves. Doingso buys an option, worth F(P), to invest in development
wells. Making this investment yields a production capacity worth V(P).

Workingbackwards to find theoptimal investmentrules, first note that,
as in the model of the fourth section, V(P) is the valueof the firm's operating
options and can be calculated accordingly. Next, F,(P) can be found; it is
easy to show that it must satisfy equation (3-25) and boundary conditions
(3-26)-(3-28), with 1, replacing 1, and r the critical price at which the firm
should invest in development wells. Finally, F,(P) can be found. It also
satisfies equation (3-25) and conditions (3-26)-(3-28), but with F,(P) replac-
ing V(P) in conditions (3-27) and (3-28), I, replacing 1, and P replacing P.
(P' is the critical price at which the firm should invest in reserves.) If the
marginal cost of production is constant and there is no cost to stopping or
restarting production, an analytical solution can be obtained.' 8

In this example there is no time to build; each stage (obtaining reserves
and building development wells) can be completed instantly. For many
projects each stage of the investment takes time, and the firm can stop
investing in the middle of a stage. Then the problem must be solved
numerically with a method such as the one in Majd and Pindyck (1987).'9
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In all the models discussed so far, no learning takes place, in the sense
that future prices (or project values, V) are always uncertain, and the degree
of uncertainty depends only on the time horizon. For some sequential
investments, however, early stages provide information about costs or net
payoffs in later stages. Synthetic fuels was a much debated example of this
pattern; oil companies argued that demonstration plants were needed (and
deserved funding by government) to determine production costs. The
aircraft and pharmaceutical investments mentioned above also have these
characteristics. The engineering, prototype production, and testing stages
in the development of a new aircraft all provide information about the
ultimate cost of production (as well as the aircraft's flight characteristics,
which will help determine its market value). Likewise, the research and
development and testing stages of the development of a new drug deter-
mine its efficacy and side effects, and hence its value.

Roberts and Weitzman (1981) develop a model of sequential invest-
ment that stresses this role of information-gathering. In their model each
stageof investment yields information that reduces the uncertaintyover the
valueof thecompleted project. Since the project can be stopped mid-stream,
it may pay to go ahead with the early stages of the investment even though
ex ante thenet present valueof the entire project isnegative. Hencea simple
net present value rule can lead to the rejection of projects that should be
undertaken. This is just the opposite of the finding noted earlier that the
simplenet presentvalue rulecanaccept projects thatshould be rejected. The
crucial assumption in the Roberts-Weitzman model is that prices and costs
do not evolve stochastically. The value of the completed project may not be
known (at least until the early stages are completed), but that value does not
change over time, so that there is no gain from waiting and no opportunity
cost to investing now. Instead, information-gathering adds a shadow value
to the early stages ofthe investment.20

This result applies whenever information-gathering rather than wait-
ing yields information. The basic principle is easily seen by modifying the
simple two-period example presented in the second section. Suppose the
widget factory can only be built this year, at a cost of $1,200. By first
spending $50 to research the widget market, however, it is possible to
determine whether widget prices will rise or fall next year. Clearly it is
worth spending the $50, even though the net present value of the entire
project (the research plus the construction of the factory) is negative. The
factory will be built only if the research shows that widget prices will rise.

Incremental investnent and choice of capacity

So far this chapter has examined decisions to invest in single, discrete
projects, such as building a new factory or developing a new aircraft. Much
of the economics literature on investment, however, focuses on incremental
investment: firms invest to the point at which the cost of the marginal unit
of capital just equals the present value of the revenues it is expected to
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generate. The cost of the unit can include adjustment costs (related to the
time and expense of installing and learning to use new capital) in addition
to purchase cost. In most models adjustment costs are a convex function of
the rate of investment and are thus a crucial determinant of that rate. (For
an overview, see Nickell 1978 or the more recent survey by Abel 1990.)

Except for work by Arrow (1968) and Nickell (1974), which is in a
deterministic context, the literaturegenerally ignores the effects of irrevers-
ibility. As with discrete projects, irreversibility and the ability to delay
investment decisions change the fundamental rule for investing. The firm
must include as part of the total cost of an incremental unit of capital the
opportunity cost of investing in that unit now rather than waiting.

Bertola (1989) and Pindyck (1988) developed models of incremental
investmentand capacity choice thataccount for irreversibility. InPindyck's
model, the firm faces a linear inverse demand function, P =(t) - yQ, where
o follows a geometric Brownian motion and has a Leontief production
technology. The firm can invest at any time at a cost of k per unit of capital,
and each unit of capital gives it the capacity to produce up to one unit of
output per period. The investment problem is solved first by determining
the value of an incremenital unit of capital, given 0 and an existing capital
stock, K, and then finding the value of the option to invest in this unit and
the optimal exercise rule. This rule is a function K(0) (invest whenever
K<K[[0]), which determines the firm's optimal capital stock. Pindyck shows
that an increase in the variance of 0 increases the value of an incremental
unitof capital (that unit representsa setofcall optionson future production)
but raises the value of the option to invest in the unit even more, so that
investment requires a higher value of 0. Hence a more volatile demand
implies that a firm should hold less capital but have a higher market value.21

In Bertola's model thefirm's netrevenue function isof theformAK K 1 Z,
with (0<<1. (This form would follow from a Cobb-Douglas production
function and an isoelastic demand curve.) The demand shift variable Z and
the purchase price of capital follow correlated geometric Brownian mo-
tions. Bertola solves for the optimal investment rule and shows that the
marginal profitability of capital that triggers investment is higher than the
user cost of capital as conventionally measured. The capital stock, K, is
nonstationary, but Bertola finds the steady-state distribution for the ratio of
the marginal profitability of capital to its price. Irreversibility and uncer-
tainty reduce the mean of this ratio-on average capital intensity is higher.
Although the firm has a higher threshold for investment, this situation is
outweighed on average by low outcomes for Z.

The finding that uncertainty over futuredemand can increase the value
of a marginal unit of capital is not new. The only requirement is that the
marginal revenue productof capital beconvex in price. This situation holds
when the unit of capital can go unutilized (so that it represents a set of
operating options). As Hartman (1972) points out, however, it is also the
case for a competitive firm that combines capital and labor with a linear
homogeneous production function. Hartman shows that, as a result, price



Irreversibilily, Uiicertai iay, atd Inv'esntmezt 63

uncertainty increases the firm's investment and capital stock.
Abel (1983) extends Hartman's result to a dynamic model in which

price follows a geometric Brownian motion and there are convex costs of
adjusting the capital stock. Again the result is that uncertainty increases the
firm's rate of investment. Finally, Caballero (1990) introduces asymmetric
costs of adjustment to allow for irreversibility (it can be costlier to reduce K
than to increase it). Heshowsagain thatprice uncertainty increases the rate
of investment. However, the Abel and Caballero results hinge on assump-
tionsofconstantreturnsand perfectcompetition,whichmakethemarginal
revenue product of capital independent of the capital stock. Then the firm
could ignore its future capital stock (and hence irreversibility) when decid-
ing how much to invest today. As Caballero shows, decreasing returns or
imperfect competition link the marginal revenue products of capital across
time, so that the basic result in Pindyck (1988) and Bertola (1989) holds.2 2

Theassumptionthatafirm caninvestincrementallyisextreme. Inmost
industries expansion of capacity is lumpy, and there are economies of scale
(a 400-room hotel usually costs less to build and operate than two 200-room
hotels). Hence firms must decide when to add capacity and how large an
addition to make.

This problem was first studied in a stochastic setting by Manne (1961).
He considers a firm that must always have enough capacity to satisfy
demand; that demand grows according to a simple Brownian motion with
drift. Thecostofaddinganamountofcapacitvx is kt,with tka<1;thefirm
must choose x to minimize the present value of the expected capital costs.
Manne shows that, with economies of scale, uncertainty over thegrowth of
demand leads a firm to add capacity in larger increments, and increases the
present value of expected costs.

In Manne's model (which might apply to an electric utility that must
always satisfy demand) the firm does not choose when to invest, only how
much. Most firms must choose both. Pindvck (1988) determines the effects
of uncertainty on these decisions when there are no scale economies in
construction by extending his model to a firm that must decide when to
build a single plant and how large it should be.2" As with Manne's model,
uncertainty increases the optimal plant size. However, it also raises the
critical demand threshold at which the plant is built. Thus uncertainty over
demand should lead firms to delay additions to capacity but to make those
additions larger when tiey occur.

Sometimes a choice of technology accompanies a choice of capacity.
Considera firm that proLduces two products, A and B, with interdependent
demands that vary stochastically. It can prodtice these products by (irre-
versibly)installingand utilizinigproduct-specificcapital orby (irreversibly)
installing a more costly flexible type of capital that can be used to produce
either or both prod ucts. The problem is to decide which tvpe and how much
capital to install. Heand Pind(yck (1992)solxve this problem fora model withl
lineardemanidsbyfirstvaluinginicrementalunitsofcapital(output-specific
and flexible) and then finding the optimal investment rule and hence the
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optimal amounts of capacity. By integrating the value of incremental units
of specific and flexible capital, the preferred type of capital, as well as the
value (if any) of flexibility, can be determined.

In all of the studies cited so far, the stochastic state variable (the value
of the project, the price of the firm's output, or a demand or cost shift
variable) is specified exogenously. In a competitive equilibrium, firms'
decisions about investment and outputdepend on the price process butalso
collectively generate that process. It is desirable to know whether firms'
decisions are consistent with the price processes specified.

At least two studies address this issue. Lippman and Rumelt (1985)
model a competitive industry where firms face sunk costs of entry and exit
and the market demand curve fluctuates stochastically. They find an
equilibrium consisting of optimal investment and production rules for
firms (with uncertainty they hold less capacity) and a corresponding
process for the market price. Leahy (1989) extends Dixit's (1989a) model of
entry and exit to an industry setting in which price is endogenous. He
shows that price will be driven by demand shocks until an entry or exit
barrier is reached, at which point entry or exit prevent it from moving
further. Hence price follows a regulated Brownian motion. Surprisingly,
it makes no difference whether firms take entry and exit into account or
simply assume that price will follow a geometric Brownian motion; the
same entry and exit barriers result. This finding suggests that models in
which price is exogenous may provide a reasonable description of invest-
ment and capacity for an industry.

Investment behavior and economic policy

Nondiversifiable risk plays a role in even thesimplest modelsof investment
by affecting the cost of capital. The findings summarized in this paper
suggest, however, that risk may be a truly crucial determinant of invest-
ment. This conclusion is likely to have implications for the explanation and
prediction of investment behavior at the industry- or economy-wide level
and for the design of policy.

As detailed in chapter 2, "Private Investment and Macroeconomic
Adjustment: A Survey," investment spendingon an aggregate level may be
highly sensitive to risk in various forms: uncertainties over the future prices
of products and costs of inputs that directly determine cash flows; uncer-
tainty over exchange rates; and uncertainty over future tax and regulatory
policies. It is therefore important to understand how investment might
depend on risk factors that are at least partly under government control,
such as price, wage, and exchange rate stability, the threat of price controls
or expropriation, and changes in trade regimes.

Irreversibility is also likely to have policy implications for specific
industries. The energy industry is an example. Stability and credibility
arise as issues because of the possibility of price controls, "windfall" profit
taxes, or related policies that might be imposed should prices rise substan-
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tially. Investment decisions must take into account that price is evolving
stochastically, but must also consider the probability that prices may be
capped at some level or otherwise regulated.

A more fundamental problem is the volatility of market prices them-
selves. For many raw commodities (oil is an example) thevolatilityof prices
rose substantially in the early 1970s and has remained high. Other things
being equal, this greater volatility should increase the value of the land and
other resources needed to produce the commodity, and have a depressing
effect on expenditures for construction and on production capacity. Most
studies of the gains from price stabilization focus on adjustment costs and
the curvature of demand and (static) supply curves. (See Newbery and
Stiglitz 1981 for an overview.) The irreversibility of investment creates an
additional gain that must be accounted for.

The literature on these effects of uncertainty and instability is largely
theoretical. The reason may be that models of irreversible investment under
uncertainty are relatively complicated and are therefore difficult to translate
into well-specified empirical models. In any case the gap between theory and
empiricism is disturbing. While it is clear from the theory that increases in
the volatility of, say, interest rates or exchange rates should depress invest-
ment, it is not at all clear how large these effects should be. Nor is it clear
how important these factors have been in explaining investment across
countries and over time. Most econometric models of aggregate economic
activity ignore the role of risk or deal with it only implicitly. A more explicit
treatment of risk may help explain economic fluctuations, especially invest-
ment spending, better .24 Substantial empirical work is needed to determine
whether the theoretical modelsdiscussed in this paperhave predictivepower. 2 5

One step in this direction is the paper by Bertola and Caballero (1990).
They solve the problem of optimal irreversible accumulation of capital for
an individual firm with a Cobb-Douglas production function and then
characterize the behavior of aggregayte investment when there are both firm-
specific and aggregate sources of uncertainty. Their model does well in
replicating the behavior of postwar U.S. investment.

Simulation models may provide another vehicle for testing the impli-
cations of irreversibility and uncertainty. The structure of such a model
might be similar to the model presented in the fourth section, parameterized
to "fit" a particular industry. The predicted effects of observed changes in,
say, price volatility could be determined and compared with the predicted
effects of changes in interest or tax rates. Models of this sort could likewise
be used to predict the effect of such factors as a perceived possible shift in
the tax regime or the imposition of price controls. Such models may also be
a good way to study the uncertainty of the "peso problem" sort.

Conclusions

The focus of this chapter was largely on investment in capital goods. The
principles, however, apply to a broad variety of problems involving irre-
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versibility. For example, as Dornbusch (1987) points out, the same issues
arise in labor markets, where firms face high (sunk) costs of hiring, training,
and sometimes firing workers. (Bentolila and Bertola 1990 developed a
formal model that explains howsv hiring and firing costs affect employment
decisions.)

Another important set of applications arises in the context of natural
resources and the environment. If the future values of wilderness areas and
parkinglotsare uncertain, it maybe better to waitbefore irreversiblypaving
over a wilderness area. Here the option value of waiting creates an
opportunity cost, which must be added to the currentdirect cost of destroy-
ing thewilderness area when doinga cost-benefit analysisof the parking lot.
Arrow and Fisher (1974) and Henry (1974) first made this point,one that has
been elaborated upon in the environmental economics literature.2 6 It has
become especially germane in recent years because of concern over possible
irreversible long-termenvironmental changessuch asozonedepletion and
global warming.

While this insight is important, actually measuring these opportunity
costscan be difficult. In thecaseof a well-defined project (a widget factory),
it is possible to construct a model like the one in the fourth section. It is not
always clear, however, what the correct stochastic process is for, say, the
price of outputs. Even if equation (3-18) is accepted, the opportunity cost of
investing now (and the investmenit rule) will depend on parameters such as
aand a that may not be easy to measure. The problem is much greater when
applying these methods to investment decisions involving resources and1
the environment. Then the model must address, for example, the stochastic
evolution of society's valuation of wilderness areas.

On the other hand, models such as the ones discussed in this chapter can
be solved (by numerical methods) with alternative stochastic processes for
the relevant state variables, and it is easy to determine the sensitivity of the
solution toalternativeparametervalues, as wasdone in the third and fourth
sections. Thesemodelsatleastprovidesomeinsightintotheimportanceof
irreversibility and the ranges of opportunity costs that might be implied.
Obtaining such insight is clearly better than ignoring irreversibility.
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Appendix 3A

This appendix provides a brief introduction to the tools of stochastic
calculus and dynamic programming that are used in the third and fourth
sections. (For more detailed introductory discussions see Dreyfus 1965,
Merton 1971, Chow 1979, Malliaris and Brock 1982, or Hull 1989. For more
rigorous treatments see Kushner 1967 or Fleming and Rishel 1975.) This
discussion begins with the Wiener process, then covers Ito's Lemma, and
finally reviews stochastic dynamic programming.

Wiener processes

A Wiener process (also called a Brownian motion) is a continuous-time
Markov stochastic process whose increments are independent no matter
how small the time interval. Specifically, if z(t) is a Wiener process, then any
change in z, Az, corresponding to a time interval, At, satisfies the following
conditions:

(a) The relationship between Az an1d At is given by Az = E, t where E,

is a normally distributed random variable with a mean of zero and a
standard deviation of 1.

(b) E,isseriallyuncorrelated,thatis,E(E,e,)=Ofort •s. Thusthevalues
of Az for any two different intervals of time are independent (so that zit]
follows a Markov process).

Examine what these two conditions imply for the change inz oversome
finite interval of timejT. This interval can be broken up into n units of length,
At, each, with n = T/At. Then the change in z over this interval is given by:

z(s + T) - z(s) = E I(At)'l2.

Since the £'s are independent of each other, the change z(s + T) - z(s) is
normally distributed with a mean of 0 and a variance of nAt = T. This last
point, which follows from the fact that Az depends on [/t and not on At, is
particularly important: the variance of the channge in a Wiener process grows
linearly with the tittme interval.

Letting the At's become infinitesimally small, the increment of the
Wiener process can be written as Iz = E( t)(t)t /2. Since E(t) has zero mean and
unit standard deviation, E(dz) = 0 and E[(dz)21 = dt. Finally, consider two
Wiener processes, z,(t) and z,(t). It is possible to write E(dz,dz2) = p,2dt, where
P12 is the coefficient of correlation between the two processes.

The following generalization of the Wiener process is often employed:

(3-A-1) dx = (X,t)Odt + b(,t)idz.

The continuous-time stochastic process x(t) represented by equation (3-A-
1) is called an Ito process. Consider the mean and variance of the increments



68 A djusimILentt Theorv anid Investment Policies

of this process. Since E(dz) = 0, E(dx) = a(x,t)dt. The variance of dx is equal
to E{[dx - E(dx)121 = b72(x,t)dt. Hence a(x,t) is referred to as the expected rate
of drift of the Ito process, and b2(x,t) as the rate of variance.

An important special case of equation (3-A-1) is thegeomnetric Brownian
motion with drift. Herea(x, t) = ax, and b(x,t) = ax, where a and s are constants.
In this case equation (3-A-I) becomes:

(3-A-2) dx ci.xdt + oxdz.

(This expression is identical to equation [3-1] in the third section but with V
replaced by x.) From the above discussion of the Wiener process, it follows
that over any finite interval of time percetitage changes in x, Ax/x, are
normally distributed. Hence absolute changes in x, Ax, are lognormnally
distributed. The expected value of Ax will be derived shortly.

An important property of the Ito process (equation [3-A-I]) is thatwhile
it is continuous in time, it is notd ifferentiable. To see this characteristic, note
that dx/dt includes a term with dz/dt = c(t)(dt) 1/2, which becomes infinitely
large as dt becomes infinitesimally small. However, it is often desirable to
work with functions of x (or z), and it is necessary to find the differentials of
such functions. Doing so requires using Ito's Lemma.

Ito's Lenmna

Ito's Lemma is most easily understood as a Taylor series expansion.
Suppose x follows the Ito process (equation [3-A-I]), and consider a func-
tion F(x,t) that is atleast twicedifferentiable. Theobjective is to find the total
differential of this function, dF. The usual rules of calculus define this
differential in terms of first-order changes in x and t: dF = F dx + F,dt, where
subscripts denote partial derivatives, that is, F, = aFlax, and so on.
Suppose, however, that higher order terms for changes in x are also
included:

(3-A-3) dF = F.dx + F,dt + (I /2)F,,(dx)2 + (I /6)FX,X(dx)3 +

In ordinary calculus, these higher order terms all vanish in the limit. To
see whether that outcome pertains here, expand the third and fourth terms
on the right-hand side of equation (3-A-3). First, substitute equation (3-A-
1) for dx to determine (dX)2:

(3-A-4) (dx)2 = a2 (x,t)(dt)2 + 2a(x,t)b(x,t)(dt)3 i2 + b 2(x,t)dt.

Terms in (dt)312 and (dt)2 vanish as dt becomes infinitesimal and can
therefore be ignored. Now write (dx)2 = 1/21b2(x,t)dt. As for the fourth term
on the right-hand side of equation (3-A-3), every term in the expansion of
(dx)3 will include dt raised to a power greater than I and will vanish in the
limit. This condition holds for any higher order terms in equation (3-A-3).
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Hence Ito's Lemma gives the differential dF as:

(3-A-5) dF = F,dx + F,dt + (1/2)Fx,(dx)2,

or, substituting from equation (3-1-1) for dx,

(3-A-6) dF = [F, + a(x,t)F, + I /2b2(x,t)F,Jdt + b(x,t)Fxdz.

This procedure can easily be extended to functions of several Ito
processes. Suppose that F = F(x,,...,x.,t) is a function of time and the ji Ito
processes, x ..., x., where

(3-A-7) dx, = a,(x i,... x,,t)dt + b,(x1,...,x, t)dz, i = l,...,m

and E(dz,dz,) = p,,dt. Then, letting F, denote aF/ax, and F,, denote a2Flaxa

Ito's Lemma gives the differential dF as:

(3-A-8) dF = F,dt + YF,dx, + I /2YXF,,dx,dx,

or, substituting for dx,:

(3-A-9) diF = [F, + 9a,(x,,...,t)F, + I/2Y:b,2(X V ...t)F,,

+ :p,,b,(x,,...,t)b (x,,...,t)F,1Idt + YXb(x,,...,t)F,dz,

Example: Geometric Brownian motion. Return to the process given by
equation (3-A-2). Ito's Lemma can be used to find the process followed by
F(x) = log x. Since F, = 0, Fx = I /x, and F., = -1 /x2, from equation (3-1-5):

(3-A-10) dF= (l/x)dx - (l/2x2)(dx)2

= adt + adz - 1/202dt = (x - 1/2a2 )dt + odz.

Hence, over any finite time interval T, the change in log x is normally
distributed with mean (ax - 1 /2o2 )T and variance o2T.

The geometric Brownian motion is often used to model the prices of
stocks and other assets. It says retums are normally distributed, with a
standard deviation that grows with the square root of the holding period.

Example: Correlated Brownian motions. As a second example of the
use of Ito's Lemma, consider a function F(x,y) = xy, wherexand yeach follow
geometric Brownian motions:

(3-A-11) dx = cx,xdt + o,xdz,
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(3-A-12) iy = axydt + o/dz,y

with E(dz dz) p. The objective is to find the process followed by F(x,y) and
the process followed by C = log F.

Since F. = F Oand F., = 1, from equation (3-A-8):

(3-A-13) dF = xdy + qdx + (dx)(dy).

Now substitute for dx and dy and rearrange:

(3-A-14) diF = (al + a + po,co0)Fdt + (aoddzx + a,dz,)F.

Hence F also follows a geometric Brownian motion. What about G = log F?
With the same steps as in the previous example,

(3-A-15) d1G = (a, + aiy - 1 /2( 2 1 /2&72,)dt + a.dz d + azd.

From equation (3-A-15) it can be seen see that over any time interval T the
change in log F is normally distributed with mean (a, + ay -1 /2c2, - 1 /20yV)T
and variance (,2, + (02? +2 po0 + C5y)T.

Stochastic dynanic programnmning

Ito's Lemma also allows dynamic programming to be applied to optimiza-
tion problems in wvhich one or more of the state variables follow Ito
processes. Consider the following problem of choosing u(t) over time to
maximize the value of an asset that yields a flow of income, n:

(3-A-16) max E,, !,n[x(t)u(t)le 'dt,

whiere x(t) follows the Ito process given by:

(3-A-17) dx = a(x,u)dt + V(x,)dz.

Let j be the value of the asset, assuming iu(t) is chosen optimally, that is,

(3-A-18) J(x) = max E. ij1[x(T)U(r)Ie 'dT.

Since time appears in the maximand only through the discount factor, the
Bellmanequation (tie funidamental equationof optimality) forthis problem
can be written as:

(3-A-19) uj4 = max[lI(x,u) 4 (I /dt)E,dJ.

Equation (3-A-19) says that the total return on this asset, Il, has two
components, the income flow, Il(x,u), and the expected rate of capital gain,
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(1/dt)E,dJ. (Note that in writing the expected capital gain the expectation
operator E, is applied, a step that eliminates terms in dz, before taking the time
derivative.) The optimal t(t) balances current income against expected
capital gains to maximize the sum of the two components.

To solve this problem, it is necessary to take the differential dl. Since I
is a function of the Ito process x(t), Ito's Lemma is applied. From equation
(3-A-5),

(3-A-20) tif = Jfdx + I /21J(dxA.

Now substitute equation (3-A-17) for ix into equation (3-A-20):

(3-A-21) dil = Ia(x,u)Jt + I /2112(x,u)JJ]dt + 17(x,u)JIdz.

Given this expression for dl and with E(dz) = 0, it is possible to rewrite the
Bellman equation (3-A-19) as:

(3-A-22) max [H(x,u) + a(x,u)i] + 1/2R(x,u)J,).

In principle, a solution can be obtained by going through the following
steps. First, maximize the expression in curly brackets with respect to it to
obtain an optimal li = ji(x,,lJ,,x). Second, substitute this u' back into
equation (3-A-22) to eliminate u. The resulting differential equation can
then be solved for the value function l(x), from which theoptimal feedback
rule 11(x) can be found.

Example: Bellman equation for investment problems. The third
section examined an investment timing problem in which a firm had to
decide when it should pay a sunk cost, 1, to receive a project worth, V,given
that V follows the geometric Brownian motion of equation (3-1). To apply
dynamic programming, the maximization problem was written as equation
(3-13), in which F(V) is the value function, or the value of the investment
opportunity, based on the assumption that it is optimally exercised.

It should now be clear why the Bellman equation for this problem is
given by equation (3-14). Since the investment opportunity yields no cash
flow, the only retun) from holding it is its expected capital appreciation, (1 /
dt)E,dF, which must equal the total return IiF, from which equation (3-14)
follows. Expanding dF using Ito's Lemma results in equation (3-17), a
differential equation for F(V). This equation is quite general and could
apply to a variety of different problems. To get a solution F(V) and
investment rule V for the problem presented here, boundary conditions (3-
6)-(3-8) are also applied.

Example: Value of a project. The fourth section examined a model of
investment in which the value of the project had first to be calculated as a
function of the output price,l'. Differential equation (3-19) was derived for
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V(P) by treating the project as a contingent claim. Here this equation is
rederived using dynamic programming.

The dynamic programming problem is to choose an operating policy (i
= 0 or 1) to maximize the expected sum of discounted profits. If the firm is
risk-neutral, the problem is:

(3-A-23) max Ejj[P(t) - c]e-ndt,

given that P follows the geometric Brownian motion of equation (3-18). The
Bellman equation for the value function V(P) is then:

(3-A-24) rV = max [j(P - c) + (I /dt)EdV].
j= Ol

By Ito's Lemma, (1 /dt)E,dV = 1 /2a2 P2 Vpp + czPVP. Maximizing with respect
toj gives the optimal operating policy,j = I (that is, do operate) if P>c, and
j = 0(that is,do not operate)otherwise. Substitutinget= r- band rearranging
gives equation (3-19).

Notes

1. This chapter is a slightly modified version of the article originally
published in the Jouirnial of Economnic Literature, September 1991. The
author thanks Prabhat Mehta for his research assistance and to Ben
Bernanke, Vittorio Corbo, Nalin Kulatilaka, Robert McDonald, John
Pencavel, Luis Serven, Andres Solimano, and two anonymous referees
for helpful comments and suggestions. Financial support was pro-
vided by the Center for Energy Policy Research of the Massachusetts
Institute of Technology, the World Bank, and the National Science
Foundation under Grant No. SES-8318990. Any errors are the author's.

2. See, for example, McDonald and Siegel (1986), Brennan and Schwartz
(1985), Majd and Pindyck (1987), and Pindyck (1988). Bemanke (1983)
and Cukierman (1980) have developed related models in which firms
have an incentive to postpone irreversible investments so that they can
wait for new information. However, in their models this information
makes the future value of an investment less uncertain. In this chapter
the focus is on situations in which the future is always uncertain even
though information arrives over time.

3. In this example, the futures price equals the expected future pricegiven
the assumption that the risk can be fully diversified. (If the price of
widgets were positively correlated with the market portfolio, the
futures price would be less than the expected future spot price.) Note
that if widgets were storable and aggregate storage was positive, the
marginal convenience yield from holding inventory would be 10 per-
cent. The reason is that since the futures price equals the current spot
price, the net holding cost (the interest cost of 10 percent less the
marginal convenience yield) must be zero.
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4. This transaction is analogous to selling a dividend-paying stock short.
The short position requires payment of the dividend, because no
rational investor would hold the offsetting long position without
receiving that dividend.

5. The appendix describes the use of these tools for readers unfamiliar
with them. Those readers might want to review the appendix before
proceeding. Introductory treatments can also be found in Merton
(1971), Chow (1979), Hull (1989), and Malliaris and Brock (1982).)
Readers who prefer to avoid this technical material altogether can skip
directly to the fifth section, although they will miss some insights by
doing so.

6. A constant payout rate, 6, and required return, >t, imply an infinite
project life. With CF denoting the cash flow from the project,

VO = fTCFgeM1"dt - JTVO,ee(w,) 8"eidt.

The implication is that T = . If the project has a finite life, equation
(3-1) cannot represent the evolution of V during the operating period.
However, it can represent its evolution prior to construction of the
project, the only information that matters for the investment decision.
See Majd and Pindyck (1987, 11-13) for a detailed discussion of this
point.

7. Dixit (1988) provides a heuristic derivation of this condition.
8. The general solution to equation (3-5) is

F(V) - a1VR' +

where

El = 1/2 - (r - 6)/02 + (f(r - 6)/&2 - 1/212 + 2r/o 2 )1
/
2 > I

and

2 = 1/2 - (r- 6)/02 _ 1(r - 6)/& -_1/2]2 + 2r/02J 1 2 < 0.

Boundary condition (3-6) implies that a, = 0, so that the solution can be
written as in equation (3-9).

9. This result was first demonstrated by Cox and Ross (1976). Note also
that equation (3-5) is the Bellman equation for maximization of the net
payoff to the hedge portfolio. Since the portfolio is risk-free, the
Bellman equation for that problem is:

rP = - 6VFV + (l /dt)E,dP,

that is, the return on the portfolio, rP', equals the per period cash flow
that it pays out (which is negative, since 6 VFV must be paid in to
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maintain the short position) plus the expected rate of capital gain. By
substituting P = F - F,V and expanding dF as before, it can be seen that
equation (3-5) follows from the above equation.

10. This pointand its implications are discussed in detail in McDonald and
Siegel (1985).

11. Note that the option to invest is an option to purchase a package of call
options (because the project is just a set of options to pay c and receive
P at each future time t). Hence the valuation involves a compound
option. For examples of the valuation of compound financial options,
see Geske (1979) and Carr (1988). The present problem can be treated
in a simpler manner.

12. By substituting equation (3-24) for V(P) into (3-19), the reader can check
that g, and 8, are the solutions to the following quadratic equation:

(1/2)&2e (R, -1) + (r- 8)R, - r = 0.

Since V(0) = 0, the positive solution (1, > 1) must apply when 1' < c, and
the negative solution (R, < 0) must apply when P > c. Note that X, is the
same as 9 in equation (3-10).

13. The scrap value of the project could exceed these costs. In this case the
owner of the project holds a piut optioni (an option to "sell" the project for
the net scrap value), which raises the project's value. This situation has
been analyzed by Myers and Majd (1985).

14. MacKie-Mason (1990) developed a related model of a mine that shows
how nonlinear tax rules (such as a percentage depletion allowance)
affect the value of operating options as well as the decision whether to
invest.

15. As Dixit points out, hysteresis would occur if, for example, the price
began at a level between U1 and 7w + pk, rose above wu, + pk so that entry
occurred, but then fell to its original level, which is too high to induce
exit. The firm's price expectations would then, however, be irrational
(since the price is in fact varying stochastically).

16. With k denoting the maximum rate of investment, this equation is:

1 /2&2V2F,V + (r - 5)VFV, - rF - x(kFK + k) = 0

wherex = I when the firm is investingand Ootherwise. F(V,K) mustalso
satisfy the following boundary conditions:

F(V,O) V,
limv, FV(V,K) = e 'I, and

F(O,K) 0,

with F(V,K) and F,.(V,K) continuous at the boundary V(K). For an
overview of the numerical methods for solving partial differential
equations of this kind, see Geske and Shastri (1985).
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17. The production decision of a firm facing a learning curve and stochas-
tically shifting demand is another example of this kind of sequential
investment. Here, part of the firm's cost of production is actually an
(irreversible) investment that yields a reduction in future costs. Be-
cause demand fluctuates, the future payoffs from this investment are
uncertain. Majd and Pindyck (1989) introduce stochastic demand into
a learning curve model and derive the optimal production rule. They
show how uncertainty over future demand reduces the shadow value
of cumulative production generated by learning and thus raises the
critical price at which it is optimal for the firm to produce.

18. Paddock, Siegel, and Smith (1988) value oil reserves as options to
produce oil but ignore the development stage. Tourinho (1979) first
suggested that reserves of natural resources can be valued as options.

19. In a related paper, Baldwin (1982) analyzes sequential investment
decisionswhen investmentopportunitiesarrive randomly and the firm
has limited resources to invest. She values the sequence of opportuni-
ties and shows that a simple net present value rule will lead to
overinvestment.

20. Weitzman, Newey, and Rabin (1981) use this model to evaluate thecase
for building demonstration plants for synthetic fuel production. They
find that learning about costs could justify these early investments.
Much of the debate over synthetic fuels has had to do with the role of
government, and in particular whether subsidies (for demonstration
plants or for actual production) can be justified. These issues are
discussed in Joskow and Pindyck (1979) and Schmalensee (1980).

21. The ratio of a firm's market value to the value of its capital in place
should always exceed one (because part of its market value is the value
of its growth options), and this ratio should be higher for firms selling
in more volatile markets. Kester's (1984) study suggests that this rule
is indeed the case.

22. Even if firms are perfectly competitive and have constant retirns,
stochastic fluctuations in demand will depress irreversible investment
if new firms can enter in response to increases in prices (see Pindyck
1990b for a discussion of this point). Abel, Bertola, Caballero, and
Pindyck also examine the effects that increased demand or price uncer-
tainty have on holding the discount rate fixed. As Craine (1989) points
out, an increase in the uncertainty of demand is likely to be accompa-
nied by an increase in the systematic riskiness of the firm's capital and
hence in an increase in its risk-adjusted discount rate.

23. The firm has an option, worth G(K,O), to build a plant of arbitrary size
K. Once built, the plant has a value V(K,O) (the value of the firm's
operating options), which can be found using the methods presented in
the fourth section. G(K,0) will satisfy equation (3-25), but with bound-
ary conditions G(K',O') = V(K,0 ) - kK and GC(K',0) = V0(K,0'), where 0'
is the critical 0 at which the plant should be built, and KI is its optimal
size. See Pindyck (1988, appendix).
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24. The sharp jumps in energy prices in 1974 and 1979-80 clearly contrib-
uted to the 1975 and 1980-82 recessions. They reduced the real incomes
of oil-importing countries and caused adjustment problems-inflation
and further drops in income that resulted from the rigidities that
prevented wages and non-energy prices from quickly equilibrating.
However, energy shocks also raised uncertainty over future economic
conditions. For example, it was unclear whether energy prices would
fall or keep rising, what impact higher energy prices would have on the
marginal products of various types of capital, and how long-lived the
inflationary impact of the shocks would be. Much more volatile ex-
change rates and interest rates also made the economic environment
more uncertain, especially in 1979-82. This uncertainty may have
contributed to the decline in investment spending that occurred, a point
made by Bemanke (1983) with respect to changes in oil prices. See also
Evans (1984) and Tatom (1984) for discussions of the effects of the
increased volatility of interest rates.

25. See Pindyck (1990) for a more detailed discussion of this issue.
26. Recent examples are Fisher and Hanemann (1987) and Hanemann

(1989). This concept of an option value should be distinguished from
that of Schmalensee (1972), which is more like a risk premium that is
needed to compensate risk-averse consumers because of uncertainty
over future valuations of an environmental amenity. For a recent
discussion of this latter concept see Plummer and Hartman (1986).
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On the Dynamics of Aggregate Investment

Ricardo J. Caballero

Few economists question the crucial role of capital accumulation in deter-
mining countries' economic performance.' Unfortunately, fewer econo-
mists (perhaps none?) would be confident in explaining the behavior of
actual aggregate investment. It has been known for some time that the
simple neoclassical specification of Jorgenson (1963) has little to do with
actual investment at the firm level-firms do not adjust continuously to
satisfy some frictionless static first-order condition-and even less to do
with aggregate investment, since the cost of capital fluctuates too much to
be consistent with the behavior of actual investment. Adding intertemporal
considerations together with simple forms of adjustment costs has not
improved things much; the empirical success of the renown dynamic q-
theory model (see Tobin 1969, Hayashi 1982, and Abel 1983 for the different
stages of this theory) has been at least as bad, if not worse, than that of the
simple frictionless model (Abel and Blanchard 1986). Moreover, up to now
the best-fitting specification seems to have been the ad hoc accelerator model.

It is not entirely surprising that these theories fail to explain investment,
since their microeconomic foundation is clearly unrealistic.2 The neoclassi-
cal model assumes no adjustment cost at all, while the q-theory implicitly
assumes that adjustment costs are such3 that firms adjust continuously-
although only partially-by small amounts. Even casual empiricism,
however, suggests that actual microeconomic investment decisions are
infrequentand many times far fronm infinitesimal (from the firm's perspec-
tive). Furthermore, researchers have noticed that investments at the firm
level are close to irreversible and that this characteristic conveys distinctive
implications for microeconomic investment (Arrow 1968; Nickell 1974),
especially in an uncertain environment (Bernanke 1983; McDonald and
Siegel 1986; Ingersoll and Ross 1987; Majd and Pindyck 1987; Pindyck 1988;
chapter 3, "Irreversibility, Uncertainty, and Investment," in this volume;
Bertola 1988; and Bertola and Caballero 1990a).

81



82 Adjusl ient Tlheory and Investm en! Policies

One of the implications of the irreversibility of investment decisions is
that firms alternate betveen periods of inaction in which gross investment
is nil and their capital stock is eroded by depreciation, and periods of
positivegross investment. Aggregate investmentdoes not, however, match
this description of action-inaction, so that it is necessary to abandon the
representative agent framework and face a difficult aggregation problem.
Ateach point in time thequestion is notonlyhow much individual firmsare
investing but also how many firms are doing it. Answering that question
requires some understanding of thedynamic behavior of the cross-sectional
distribution of firms' marginal profitability of capital. Caballero and Engel
(1991, 1993) provide the basic principles and methodology to track a cross-
sectional distribution when firms face both idiosyncratic and aggregate
shocks. Bertola and Caballero (1990b) and Caballero (1992,1993) generalize
these results to include models with implications similar to those of the
irreversible investment model, and develop proced ures to implement these
models empirically. Bertola and Caballero (1990a) study precisely the
problem of aggregate investment in the presence of constraints of micro-
economic irreversibility. This chapter borrows heavily from the latter paper.

Three sections follow. The next one presents the theory of aggregate
investment in the presence of irreversibility constraints and other forms of
realistic adjustment costs. In so doing, it discusses several fallacies arising
from both the use of conditional statements to explain long-run average
results and the direct extrapolation of microeconomic arguments to the
aggregate. The subsequent section outlines an econometric methodology to
estimate these new models and presents examples based on the recent
investment experiences of several developing countries. The chapter ends
with some concluding remarks and directions for future research.

The theory

Frictionless investrnent: Thlefirmn

If capital could be rented in a perfect spot market and there were no costs
for installing and removing equipment and structures, investment by firm
i c[0,1] would be determined at each point in time bv the simple static
condition:

(4-1) n*(K,fei,) = c',

where H (,) = the firm's flow profit function
Kf = the firm's "frictionless" stock of capital
9 = exogenous stochastic component summarizing such

things as wages and productivity, and
c,= rental cost of capital (real interest rate plus the physical

rate of depreciation minus the expected appreciation of a
unit of capital times the price of capital).
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For expositorysimplicity assume thatc,= c, and fortractability that the
firm's profit function takes a simple isoelastic form:4

(4-2) Hl(K,, 9) =K aKa,, 0 a •1

where K is the firm's actual stock of capital.
With equations (4-1) and (4-2), it is easy to obtain a simple expression

for the frictionless stock of capital at the firm level:

(4-3) KfI = c _ I 1 a

Investment is entirely determined by this equation. Investment (net)or
disinvestmentoccurs only when theconditionsthefirmfaces(asrelates,for
example, to productivity, wages, and demand) change. The rate of growth
of a firm's capital stock-the ratio of investment to capital-is given by:

(4-4) N.f [1/I-a] dO,.,

where N,f is the frictionless ratio of net investment to capital and 0 is the
logarithm of 9.

Figure4-1(A) illustrates a sample path of the logof thestockof capital-
hence investment-for a given path of 0. Positive changes in 0, perhaps as
a resultof increases in productivityordemand or a reduction in wages, lead
to positive net investment, while negative changes in 0 yield negative net
investment. The expression for the firm's frictionless stock of capital is
obtained from the first-order condition given in equation (4-1), which says
that at all points in time the marginal profitability of capital must equal the
cost of capital, in this case a constant, as shown in figure 4-1 (B).

Irreversible investinent: thefirn

In reality, especially that of developing countries, rental and secondary
markets are far from perfect, and there are many types of adjustment costs.
In particular, once instal led, capital has alternative uses only at a substantial
discount. At the extreme, when there is no alternative use for capital,
investment is said to be irreversible. This case is the base one studied in this
chapter. To make things simple, assume that adjustment in the opposite
direction, that is, positive gross investment, is costless and that there are no
indivisibilities or advantages to bunching adjustments. This case permits
the most important aspects of aggregation to be highlighted in the context
of realistic nonconvex adjustment cost functions, while keeping the model
as simple as possible. (Other forms of nonconvexities and their distinctive
implications are discussed later.)

Suppose for a moment that the firm chooses to disregard the irrevers-
ibility constraint, so that condition (4-3) in which gross investment is
positive is met at all times. There will be times, however, in which the firm
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Figure 4.1 Frictiorless behavior
(path of the log of the capital stock)
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would like todisinvestata rate faster than depreciation butcannot. At those
times, FTk(K,,e,,) < c. In these situations the firm "gets stuck" with too much
capital. Figure 4-2 depicts this situation: the dashed line in figure 4-2(A)
denotes the path of frictionless (log of) capital, which is identical to that of
figure 4-1. The solid line depicts the corresponding path of actual (log of)
capital. All those periods in which the dashed line is below the solid line
represent times in which there is "too much" capital. Since in this case the
firm never has "too little" capital, it ends up holding, on average, too much
capital. The dual of this situation can be seen in figure 4-2(B), where the
dashed line represents the cost of capital and the marginal profitability of
frictionless capital and the solid line illustrates the path of the marginal
profitability of actual capital. It is apparent that in this case the marginal
profitability of capital is, on average, below its cost. Thus the firm is
overinvesting.

An optimizing firm will try to remedy the excessive accumulation of
capital, at least in part. This tendency leads, under assumptions standard
to this literature, to a modification of condition (4-1) for good times. If Kd

denotes the desired stock of capital at each point in time when there is a
positive probability of facing binding irreversibility constraints in the
future, then:

(4-5) lk (K,J, 0) = c + h

where h is a positive constant that depends on the parameters of the profit
function as well as on the characteristics of the stochastic process that
generates 0. In particular, it is increasing on the variance of shock 0.

Comparing equations (4-1) and (4-5) yields the relation Kd,, < K',. This
relation does not say that investment-and therefore capital-is less in the
(partial equilibrium) firm facing irreversibilityconstraints than inan equiva-
lent firm that does not face them; it just says that the firm will be more
reluctant to invest in good times. What is often forgotten, however, is that
the reason for this reluctance is those occasions when the firm gets stuck
with too much capital.

This situation is portrayed in figure 4-3(A), where the dashed, dotted,
and solid lines represent one possible sample path of the (log of) the
frictionless, the desired, and the actual stock of capital, respectively. Three
types of situations can be observed. The first one corresponds to periods in
which gross investment is positive, so that desired and actual capital are the
same and below the frictionless level. The second one occurs when gross
investment is zero, so that the actual stock is above the desired stock but the
actual stock is still below the frictionless level. Finally, there are periods in
which not only is gross investment zero, but actual stock exceeds the
frictionless level. These regimes have a counterpart in the marginal profit-
ability of capital, as revealed in figure 4-3(B). The marginal profitability of
capital never exceeds the modified cost of capital, c + h, that is, the cost of
capital that determines thie desired stock of capital. Regime I corresponds



86 AdjustnIent Theory and Investzent Policies

Figure 4.2 Suboptimal constrained behavior
(path of the log of the capital stock)
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Figure 4.3 Irreversible investment
(path of the log of the capital stock)
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to the times in which the marginal profitability of capital (1k) equals c + h; reg-
ime 2 occurs when Ilk is between c + h and c, and regime 3 when rTk is below c.

When investment is irreversible, the firm will adjust its behavior in
good times. It will try to limit both the number of periods when it has too
much capital and the magnitude of the excesses. It can do so only by holding
less capital in good periods than at times when investment is fully reversible.
Whether the firm holds more or less capital on average than in a frictionless
framework is ambiguous. The outcome depends on the specific parametric
assumptions made (see, for example, Bertola and Caballero 1990b).5

Similarly, an implication of the irreversible investment literature is
often said to be that an increase in uncertainty about 0 lowers the capital
stock. Once more, there is more reluctance to invest in good times, but the
reasons are an increase in the frequency of bad times, that is, of periods in
which the stock of capital is excessive, and an increase in their magnitude.
As before, what happens to average capital accumulation when uncertainty
is larger is ambiguous.

The main purpose of the chapter, however, is to explain the implica-
tions of these results for the dylnamic behavior of aggregate investment, as
discussed below.

Frictionless and d esired investmnenit: The aggregate

With the net frictionless investment of firm iat time tdenoted by lj, and with
the identity If = NfK it is possible to construct a measure of aggregate net
frictionless investment, If, by integrating equation (4-5) over the continuum
of firms' i [O,1]:

(4-6) [if= [1/1- a] f10K,,fjdO,,di.

Assuming that the rate of change in shocks 0, is approximately independent
of the initial stock of (frictionless) capital held by firms yields a simple
expression for the frictionless (net) aggregate investment/capital ratio,

(4-7) N/= [1/1- a] JoIdO;ldi.,

or simply

(4-8) N' = l1/1- a]dot,

where dO, =_ f,'d0,,di is the "aggregate" shock. This terminology seems
particularly appropriate in the context of this chapter-the existence of a
large number of firms-since dO, is different from zero only because of the
nondissipating correlation of shocks across sectors. The result is an equa-
tion similar to thatofa single firm, with thesoleexception that theaggregate
shock replaces firm-specific shocks and therefore may have important
stochastic differences with any particular firm.b
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An expression for the desired (in the presence of future irreversibility
constraints) aggregate investment/capital ratio can be obtained from an
identical derivation:

(4-9) N,d = [1/1- cl]dOt.

Hence, the dynamic behavior of N,' is indistinguishable from that of Nf.
Alternatively, J,d is at all times proportional to I,f, with a constant of
proportionality that is less than one and monotonic with respect to c/(c + h).

Irreversible investment: The aggregate

Unfortunately, the representative agent framework does not carry over to
the case where firms face irreversibility constraints. As seen in figure 4-3,
individual firms alternate between periods in which they invest and peri-
ods in which they let depreciation erode their stock of capital. This
description of aggregate investment is clearly not a good one. Most likely,
aggregate gross investment is almost never equal to zero, not even when
high frequency observations are available.7

In general, regardless of the realization of the aggregate shock, there
will be active (that is, investing) and inactive (that is, depreciating) firms at
all times. The problem of aggregation is that of determining the fraction of
firms doing one or the other, and the dynamic problem is that of tracking
down the endogenous change in these fractions.

Recall that K,, = K,,4 whenever the firm is investing, while at all other
times K, > K,, . It is therefore convenient to definea variable Z,, thatcaptures
the gap between actual and desired capital:

(4-10) Z,, _ InK,, - InK,,).

Rearranging equation (4-10) shows that the dynamic behavior of the actual
stock of capital at the firm level can be described in terms of the dynamic
behavior of its desired stock of capital and that of the gap variable, Z,,.

The equivalent statement at the aggregate level is that the dynamic
behavior of the aggregate stock of capital-when the firms face irreversibil-
ity constraints-can be described in terms of the dynamic behavior of the
aggregate desired stock of capital, N,4, and the evolution of the inean of the
cross-sectional distribution of gaps (measured by the log-distance of actual
desired capital), Z,. The implication is that the aggregate investment/
capital ratio, N,, is approximately described by

(4-11) N,= N,4 + dZ,.

Since the dynamic behavior of N,4 is identical to that of N,f, the above
equation can be rewritten as



90 Adjustment Theory and Investment Policies

(4-12) N,= N+ dZt .

At each point in time there exist given values of Z, thus, at each point
in time, a histogram of these quantities can be constructed. This histogram,
or cross-sectioial deensity, denoted by fz,t), depends on the history of the
realizationsof 0's up to time t and on the natureof thedepreciation affecting
the stocks of capital held by firms. The importance of this density is that it
permits the dynamic behavior of Z, to be tracked down and, with it, the
dynamic behavior of N, provided that N,f, which typically can be con-
structed from simple economic principles, as seen earlier, is known.

Under fairly reasonable assumptions, this density will, at any point in
time, take the shape shown in figure 4-4. The exponential-like form of this
density, with largeconcentrations of firms near point Z, = 0 (the investment
point), is the result of the positive depreciation rate and drift in the driving
forces of capital formation (for example, growth in productivity). If these
parameters are large, firms will often invest, and f(z,t) will on average have
a high concentration of units with small disequilibria. If, on the other hand,
idiosyncratic uncertainty is large,f(z,t) will look flatter, since at any point in
time therewill be a significant number of firms whose negative shocks more
than offset the depreciation of their capital.

Figure 4.4 Cross-sectional density
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Aggregate shocks, on the other hand, are the main reason for the index
t in the cross-sectional density. If they were not present, f(z,t) would
eventually converge to a stable density, where dZ, _ 0; hence N, = NJ. The
presence of aggregate shocks, however, prevents the cross-sectional den-
sity from ever converging and therefore introduces a breach in the dynamic
behavior of the investment/capital ratios in economies where individual
firms face and do not face irreversibility constraints.

When firms are affected by positive aggregate shocks (that is, on
average the firm-level shocks are positive), the disequilibrium gaps tend to
shrink, and more firms actually invest. The result is illustrated in figure 4-
5 by the gradual shift in the cross-sectional density from the solid to the
outermost dashed curve. In contrast, if a sequence of bad aggregate shocks
hits the economy, the cross-sectional density gradually moves from the
solid to the inmostdotted line, as the average gap increases and the fraction
of firms actually investing falls.

Figure4-5and equation(4-12) permitthemain impactof microeconomic
irreversibilityconstraintson thedynamic behaviorofaggregate investment
to be isolated. In good times N, rises while the mean of the cross-sectional
density falls, a pattem that smooths the responsiveness of investment to
exogenous positive shocks. Put differently, the cross-sectional density

Figure 4.5 Cross-sectional density
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siphons off part of the energy of the exogenous shocks. This energy,
however, is not lost but is released slowly over time when good times cease.
Exactly the opposite happens in bad times.

Interestingly, contrary to what the literature typically argues, nothing
in the previous paragraph suggests an asymmetric response of aggregate
investment to aggregate shocks. It can be shown (see Caballero 1992) that
this pattern is not an accident but the work of very powerful underlying
laws of probability: properly aggregated systems have a natural tendency
not only to dampen but also to erase microeconomic asymmetries. The
condition does not mean that a model of this nature cannot generate
aggregate asymmetries; it only means that the sources of these asymmetries
arequite different from what direct microeconomic extrapolations suggest.

Figure 4-6 shows the response of the actual investment/capital ratio
(y axis) to shocks leading to changes in the frictionless investment/capital
ratio (x axis). The different lines correspond to different initial conditions
(before the current shock). The solid line starts from a situation in which the
stockof capital has been growing ata rate of 9 percent a year for a long time,
so that the initial cross-sectional density is very concentrated near the
investment barrier. Conversely, the line of short dashes corresponds to a
case in which the net investment/ca pital ratio has been a negative 9 percent

Figure 4.6 Smoothness-fully irreversibility case
(c; = 0.4, c = 0.1)
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fora long time, so that gross investment has been very low fora long time,
and the cross-sectional density is still exponential but very spread out. The
line of long dashes corresponds to an intermediate case. The distribution of
shocks has been assumed to lead to a standard deviation of the frictionless
stock at the microeconomic level of 40 percent a year, and the depreciation
rate is 10 percent a year.

This figure confirms several of the issues discussed above. First, and
most important, the irreversibility constraints at the microeconomic level
lead to pronounced "excess smoothness" in the way capital responds to
aggregate shocks. Second, even though there is an extreme form of
asymnmetry in the adjustment cost at the microeconornic level, there is no
evidence of first-order asymmetry at the aggregate level. (The slight
asymmetry observed for large [although continuous] shocks in good times
is discussed extensively below.) Third, the first-order serial correlation
(approximately measured by the distance of each of the lines from the zero
line when N,.= 0) is larger when the economy is in a bad state (this
"asymmetry" is the result of the positive rate of depreciation).

The irreversible investment case, as stated, is an extreme form of
adjustment cost. It may be more realistic to assume that it is very costly to
reduce the stock of capital but not infinitely costly. Figure 4-7 repeats the

Figure 4.7 Smoothness-partial irreversibility
(cr = 0.4, 6 = 0.1)

0.4

0.3

z 0.2

< 0.1

E 0.0

X -0.1 

-0.2 _ / / / z , - - - - - -0.09
- .' --- 0.00

- _________ 0.09

-0.3 . 4 5'

-0.4
-0.3 -0.2 -0.1 -0.0 0.1 0.2 0.3 0.4

Frictionless investment/capital stock ratio (N )

Source: Author's elaboration.



94 Adjnstr iien Thjeory and Investment Policies

experiment in figure 4-6 under this new structure for the cost of adjustment.
For this purpose a large proportional cost for downgrading the capital stock
is used that leads firms to wait until their capital stocks are twice as large as
their desired stocks before implementing marginal sales of stocks. The
conclusions of figure 4-6 hold, although now the degree of excess smooth-
ness is much milder. The reason is complex and lies in the large amount of
uncertainty (mostly idiosyncratic) individual firms face (see Caballero 1993
and Bertola and Caballero 1990b). When the support of Z, is bounded, a
substantial increase in uncertainty reduces the ability of aggregate shocks
to alter the shape of the cross-sectional density and therefore to alter Z,, the
reason for the "smoothing" effect.

Figure4-8 corresponds to the samecaseas in figure4-7butwith the total
uncertainty firms face reduced to 10 percenta year (given that the size of the
aggregate shocks has been kept constant, this level corresponds to an
increase in the relative importance of aggregate uncertainty), and the initial
conditions even more spread out than before.

This figure shows interesting asymmetries. The direction of the asym-
metries depends not on whether the shocks are positive or negative but on
initial conditions. If the initial conditions are good-in the sense that the
mean cross-sectional distribution is very low-there is little smoothness

Figure 4.8 Smoothness-partial irreversibility
(c = 0.1, = 0.1)
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with respect to further positive shocks, since there is very little space for
downward movements in Zt, the reason for the smoothing of positive
shocks. Conversely, there is plenty of space for upward shifts in Z, so that
in good times negative changes produce substantial smoothness.

Up to this pointtheasymmetrygoes in thedirection of the microeconomic
asymmetry. In contrast, the "bad" initial conditions case yields exactly the
opposite type of asymmetry, since there is more room for Z, to move down-
ward than upward.

It is also interesting to note that the intermediate case shows the former
typeof asymmetry; this shift in thecenterof gravity is caused by the positive
depreciation rate. A strong positive drift in the economy would play a
similar role. Thus, the presence and type of macroeconomic asymmetries
depend on things far more complex than the asymmetry of adjustment costs
at the microeconomic level (Caballero 1990).

These conclusions, including the impulse responses, extend to more
general models of realistic nonconvex adjustment costs. For example,
figure 4-9 depicts the cross-sectional density that is typical when there are
fixed (as opposed to proportional) costs of both upgrading and downgrad-
ing capital stock at the firm level, a situation that yields inaction and
investment of a finite size.

Figure 4.9 Cross-sectional densities, fixed costs
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Econometrics

This section outlines a procedure for implementing the new theoretical
developments described above. The method involves the use of examples
constructed from private investment data for four developing countries:
Brazil, Korea, Mexico, and Turkey. The results presented below are only
illustrative of the procedures suggested and should by no means be taken
as careful descriptions of the investment behavior of these countries.

The long-nrn determninants (fictionless capital)

Estimating these models requires-at least conceptually-two distinct
steps. First, the path of the frictionless (or desired) series must be estimated,
and from this calculation (see equation 4-3) the path of aggregate shocks
must be recovered. The latter are the impulses that feed the cross-sectional
density in the second step, where the dynamic behavior of the model is
estimated. The first step is addressed here first.'

Economic theory typically provides clear insights into thedeterminants
of the frictionless aggregate stock of capital. Let this stock be

(4-13) lnK,' = 3X,

where 3 is the vector of coefficients and X, is the setof observable variables.9
The task of this section is to find values for 3. This task is not easy, since in
the presence of adjustment costs the left-hand side variable is a non-
observable theoretical construct. With the definition of Z, however, equa-
tion (4-13) can be rewritten in terms of the actual stock of capital:

(4-14) InK, = P30 + OX, + ZM

where Po= lInK - InK,j'.
Z, is-by construction-a stationary variable. It reveals that if the

variables in X, are integrated (and not co-integrated among them), P can be
estimated from a conventional co-integrating regression.

Although theoretically correct, the previous procedure is likely to yield
misleading results because of severe small-sample problems. Recall that

(4-15) InK, = 0 +InK, I t Z,

and that, because of the adjustment costs, InK, is a smoothed version of InK{.
The implication is that InK .' and Z, must be negatively correlated. The
normal equations of the simple co-integrating regression (ordinary least
squares, orOLS) disregard this negative correlation; thus, theonly way OLS
can match the smooth behavior of InK, is by biasing the coefficients in f3
toward zero (Caballero 1993).

The small-sample problem can be rediuced by using a Stock and Watson
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(1989)-type correction. This correction involves expanding the regression
in equation (4-14) by adding a set of auxiliary variables:

(4-16) InK, = X, + yIAX,] + ,

where [AX] is the vector of lags (and possibly leads) of the first difference
of X, and E, is the stationary disturbance that is ideally orthogonal to X,. Put
differently, [AX,] is included to "clean" the correlation between X, and Z,.
One problem with this correction is that it requires significant degrees of
freedom (40 or 50) to work properly, a potentially serious limitation when
using data on developing countries. On the other hand, an advantage of
concentrating on small-sample issues is that it does not really matter
whether X, is integrated or not. All that matters is the variance of X, relative
to its covariance with Z,. This point is important when estimating invest-
ment equations, since the cost of capital is typically a stationary variable.

To illustrate some of these issues, a neoclassical model is used where X,
is formed by the logarithm of gross national product (GNP), a proxy for the
cost of capital, and a linear time trend. The proxy for the cost of capital is
formed by the projection of a measure of the ex-post real interest rate (plus
depreciation) on its own lag and the output measure lagged once. The
coefficient of output is fixed so as to be equal to one, and the response of the
frictionlesscapital /output ratio to changes in the cost of capital is estimated.

The data were obtained from the World Bank Macroeconomic Adjust-
ment and Growth Division's CECMG data base. They contain annual
observations from 1970 to 1985. Table 4-1 shows that despite the extremely
small sample size and the consequent large standard errors, the correction
does play an important role in yielding more reasonable point estimates of
the parameter of primary concern. When no correction is implemented, the
cost of capital elasticities not only is small but also has the wrong sign in
threeof the fourcountriesconsidered. On theotherhand, when a Stockand

Table 4.1 Long-run cost of capital elasticity-Stock and Watson correction

Brazil Korea Mexico Turkey

lsr 0.089 0.329 0.118 -0.022
OLS (0.056) (0.307) (0.110) (0.021)

PI -.)722 -3.770 -0.565 41.102
SW (0.445) (2.052) (0.253) (0.022)

Note: The standard errors are in parent.heses; the OLS standard errors are incorrect (as in most
co-integrating regressions). OLS corresponds to the standard co-integrating regression, while
SW is OLS on a system expanded with three lags of the first difference of the cost of capital
measure. All equations include a linear time trend land a constant (n(ot repo rted).
Souirce: Author's calculatioiis.
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Figure 4.10 Actual and frictionless investment to capital stock ratios for
Brazil, Korea, Mexico, and Turkey
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Watson-type correction is implemented by including three lags of the first
difference of the cost of capital measure, the coefficients become large and
negative, as expected for the long-run relation between capital and its cost.

The different panels of figure 4-10 depict the estimated paths of N,/and
theobserved paths of N, for thedifferent countries. It is apparent from these
figures that the actual series are considerably smoother than a frictionless
model implies. It is important to note, nonetheless, that adjustment costs
affect both good and bad times; it is true that the response of investment to
positivestimuli seems to be slow, consistent with conventional wisdom, but
it is also true that investment falls more slowly than it does in an economy
without irreversibility or other adjustment costs during bad times.

Distribuitional dynatnics

The dynamic part of the model-that is, estimation of the evolution of the
cross-sectional density-is addressed next. Caballero (1993) shows that if
the behavior of each N/can be approximated by a Brownian motion with a
standard deviation a, then the cross-sectional density of Z,-when indi-
vidual units are subject to nonconvex adjustment costs-can be character-
ized by the following stochastic partial differential equation:

(4-17) df(z,t) = (6dt + NJ) faz) + a2 82(z,' dt,az 2 ~z 2

where 5 is the rate of depreciation of the capital stock and the boundary
conditions are to be determined once the particular type of prevalent
adjustment cost is specified.

With the estimates of N/1 from the previous section, a discrete time
approximation of the path of the cross-sectional density can be computed.
Bertola and Caballero (1990a) show that in the case of irreversible invest-
ment being discussed here, the following system results:

(4-18)f(z, j) = l,ce Sr + f|A(3; j) c -&()' e -,/22 [cos (fz) - -_;--sin(Pz)]dP
2f3

(4-19) A(;J) 2 _ f(Z- )e ''2 [cos (z)�- - sin(3z)]dz
ir(l + ~)2/4I32) L'2j

wherej is the discrete time index (measured in years), kI(3) = (_-2 + ;2/4) 0/4j,
and

2(8 + Ni-)
(r2

Starting this system from an arbitrary density (chosen to match the
ergodic probability density of an individual Z), and feeding the output of
this system into a squared errors objective function, allows the only param-
eter that is left free at this stage, cr, to be estimated, and an estimated path
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Table 4.2: General statistics and second stage results

Brazil Korea Mexico Turkey

o 0.203 0.310 0.100 0.045
o 0.600 0.800 0.600 0.600

a.^ 0.033 0.089 0.017 0.011
an 0.030 0.033 0.018 0.020

0.203 0.310 0.101 0.045

Note: All values arc amiual pereients. a, = u,, is the standard deviation of the frictionless

aggregate. a5. is the standard deviation of tihe fitted investment/capital ratio. CY is the
standard deviation of the actiual investment/capital ratio.
Souirce: Author's calculations.

of the mean of the cross-sectional density to be recovered. The unbounded
support nature of the irreversible investment case presents numerical
problems, however, that yield an extremely flat objective function after a
certain level of a; for this reason a grid search approach is used in which the
search is stopped at the minimum value of a within the flat region of the
objective function. Table 4.2 presents the basic results. The first row shows
that aggregate uncertainty-the standard deviation of Nf-ranges from a
low of 5 percent a year for Turkey (about the same as that for the United
States) to a high of 31 percent for Korea. The second row, on the other hand,
shows that total uncertainty at the microeconomic level-as seen by the
econometrician-is in the range of 60-80 percent a year. This combination
of parameters yields a standard deviation of the fitted values of Nt, as
indicated in the third row, that is not far from the observed standard
deviation shown in the fourth row and that is considerably lower than the
standard deviation of the frictionless series, shown in the bottom row. The
model is therefore very successful in smoothing out aggregate shocks to
approximate the behavior of actual investment.

The panels of figure 4-11 are more revealing than this table. They are
identical to the panels of figure 4-10 but with the addition of the path of the
investment/capital ratio implied by the model (dashed line). The results
are fairly good, especially for Mexico.'" Although far from perfect, these
results are promising, particularly when taking into account all the short-
comings of the data and the substantial scope for improvement, especially
in the modelling of frictionless investment.

Final remarks

This chapter surveyed new developments in the theory and implementa-
tion of models of aggregate investment in the presence of irreversibility
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Figure 4.11 Actual, frictionless, and predicted investment to capital
stock ratios for Brazil, Korea, Mexico, and Turkey

A. Brazil
0.3

0.2

-0.0

-0.4

c> -0.2_*

-0.3_

-0.4_

-0.5 . . . . . .. . . . . . . .
72 74 76 78 80 82 84 85

Years

B. Korea

0.3

0.2

0.1
0

, -0.0

-o A

-0.2: ::

-0.3...

-0.4

-0.

72 74 76 78 80 82 84 85

Years

Actual investment to capital stock ratio (N)

- - - Predicted investment to capital stock ratio (N)
Frictionless investment to capital stock ratio (N')

Source: Author's elaboration.



On the Dynamics of Aggregate investmwnt 103

C. Mexico

0.16

0.12

. 0.08 _

> 0.04 

.0.04-

-0.08 _ 

-0.16 -

-0).201 l I l l 
72 74 76 78 80 82 84 85

Years

D. Turkey
0.10

0.08 _

0 0.06 -

0.02

0.00

-0.02 -

-0.04 -

-0 .06

-0.08 I l l l ; I
72 74 76 78 80 82 84 85

Years



104 Adjustmnernt Thleory and Investmeni Policies

constraints at the microeconomic level. From the aggregate point of view,
other nonconvexities in adjustment cost technology behave quite similarly
except for very largeshocks. In developingcountries, however, largeevents
may be more common than rare, and the researcher should be particularly
concerned with the main sources of adjustment costs at the microeconomic
level.

The discussion omitted many realistic elements, two of which seem
salient: changes in the level of uncertainty (either aggregate or idiosyn-
cratic); and general equilibrium considerations. The reason for the omis-
sions is technical, but at least partial remedy for the problems is close at
hand.

As mentioned, the empirical evidence was used only to illustrate the
basic procedures involved in the empirical implementation of these models.
Nevertheless, the fit is surprisingly good for some of the countries. Al-
though much work remains to be done, this result is encouraging.

One of the priorites of the empirical agenda should be a detailed
description of the target model (that is, the model without adjustment
costs). In particular, much effort should be put into the construction of
measures of the cost of capital, particularly because of the significant
imperfections in the capital markets in most developing countries. The
likely complementarity behveen private and public capital should also be
modelled at this stage. Efforts on these fronts should prove useful even if
the adjustment cost models discussed here are not empirically relevant
since, as shown, it is possible to recover medium- and long-run responses
of capital to changes in its cost that are robust to the type of adjustment
frictions firms face.

The theory reviewed here also suggests that microeconomic data may
help in understanding aggregate dynamics to a degree beyond that of
conventional representative agent theory. Any clue to the shape of the
cross-sectional density at any point in time may considerably improve
forecasting. Census data may soon become a more direct need for modeem
macroeconomists.

Notes

1. I am grateful to Luis Serven, Andres Solimano, and especially Sweder
van Wijnbergen for their very useful comments.

2. However, this point holds true for most representative agent-type
models.

3. Convex and differentiable at zero.
4. See Caballero (1991) and Bertola and Caballero (1990a) for a derivation

of a profit function of this nature. Relaxing the log-linearity (on capital)
assumption on the profit function makes the aggregation part of the
problem much harder.

5. What is unambiguous, however, is that, relative to the frictionless case,
the firm has too little capital in good times and too much in bad times.
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Not surprisingly, the value of the firm is reduced by the presence of an
irreversibility constraint.

6. It is important to note, however, that this similarity does not mean the
higher moments of the shocks affecting firms can be recovered from the
aggregate frictionless equation. These moments are important in
assessing the effect of irreversibility constraints on firms' investment
decisions.

7. The argument that aggregate gross investment is never equal to zero
has been used on occasion to discredit the relevance of irreversibility
constraints for macroeconomic phenomena. This criticism is, however,
mostly the result of a misapplication of the representative agent frame-
work.

8. This discussion is germane to any model in which adjustment costs play
a role, convex or nonconvex.

9. The presence of non-observables adds all the problems of signal extrac-
tion; these issues are omitted here.

10. Note that the model does not have much chance of fitting well in the
early periods, since the initial cross-sectional density (the ergodic one)
is arbitrarily chosen. With larger sample sizes it is convenient to drop
the first 10 percent or 15 percent of the observations from the likelihood
(but not from the dynamic generation of the cross-sectional density).
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5

Empirical Investment Equations for
Developing Countries

Martin Rarna

Since the debt crisis, there has been increasing interest in the determinants
of private investment in developing countries.' For industrialized coun-
tries, the literature on this topic is plentiful for both theoretical models (see
the surveys by Nickell 1978 or Artus and Muet 1986) and empirical results
with different specifications (see Abel 1980 or Artus and Muet 1984, among
others). In contrast, studies on developing countries are partial and scat-
tered.

Two main questions about private investment decisions in developing
countries need to be addressed. The first, a theoretical one, concerns the
variables on which decisions depend: are they the sameas in industrialized
countries,or should specific factors, arising from thedifferent macroeconomic
settings, beconsidered? The second question is empirical, having to do with
available estimates: what can be learned from the applied research on the
determinants of private investment in developing countries?

This paper provides a preliminary answer to both questions. The next
section revisits the theoretical debate on the specific factors that should be
taken into account in developing countries. The subsequent section intro-
duces the main outcomes of that debate into a single analytical framework,
which gives rise to different empirical equations depending on the assump-
tions made concerning some key features of the economy (such as market
structure and credit rationing). The following section presents a classifica-
tion of 31 empirical studies on investment in developing countries accord-
ing to their chosen specification, and compares their estimates. A method-
ological proposal for further research, particularly as regards the impact
that the economic instability characterizing most developing countries has
on private investment, is discussed in the final section.
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Some specific issues

The literature on investment decisions in industrialized countries puts
forward basically two arguments. The first one, which relates to changes in
aggregate demand, gives rise to the "income accelerator." The second one
concerns the relative prices of capital and labor (or more generally, variable
inputs) and therefore profitability. The literature on private investment in
developingcountries considers notonly these two arguments, but typically
four others that arise from the specific features of these countries.

Financial repression

Since the work of McKinnon (1973) and Shaw (1973), it has been widely
accepted that a significant share of the firms in developing countries face
credit rationing. This kind of quantity constraint may be relevant in
industrialized countries also, as a result of the different information avail-
able to creditors and debtors. However, in addition to the information
problem, developing countries are often characterized by administered
interest rates that are set at "low" levels and by direct allocation of credit for
the benefit of some firms. The impact of these policy choices on private
investment is amplified by the weakness of the capital markets in develop-
ing countries, a situation that restrains the access of firms to additional
equity capital.

According to this approach, in developing countries ceilings are more
relevant than spreads for credit allocation. For this reason the individual
firm does not face unlimited supplies of credit at a given interest rate, as
would be the case in a Modigliani-Miller world. Moreover, unlimited
supplies of credit with interest rates increasing in line with the firm's debt-
to-equity ratio do not seem likely either. Instead, a firm has access (at best)
to a given credit ceiling, but the interest rate does not depend on the amount
borrowed.2

At the macroeconomic level, this possible constraint on the level of
investment had been already considered by the two-gap model, developed
in the 1960s by McKinnon (1964) and Chenery and Strout (1966), among
others. This model assumes that domestic saving, the world demand for
exports, and foreign financing are given. The sum of domestic saving and
foreign financing puts an upper bound on total investment (thus giving rise
to a saving gap), whereas the sum of exports and foreign financing sets up
themaximum level of imports (leading to a foreign exchangegap). Since the
firstof these twogaps is related to interest rates thatdo notclear the market,
its effects are quite similar to those arising from credit rationing.

Financial repression has an important consequence from the viewpoint
of research. Despite the existence of an investment function, in some
periods the observed capital accumulation could be determined by the
amountof saving forthcoming at the prevailing interest rate. Therefore, the
microeconomic foundations of investment decisions should be analyzed by
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means of an equilibrium-with-rationing approach, such as the one that
characterizes disequilibrium models (see Malinvaud 1977).3

Foreign exchannge siortage

Since developing countries must import most capital goods, the kind of
foreign exchange shortage considered by the two-gap model can be an
additional constraint on private investment. This outcome would apply if
balance-of-payment difficulties (associated, for instance, with the debt
crisis) lead to the use of direct exchange allocation or to the establishment
of import quotas. Such policy devices would introduce an upper bound on
purchases of machinery and equipment, which are usually made abroad
and cannot easily be replaced by domestic substitutes. 4

The discussion on the determinants of private investment in develop-
ing countries would not be complete if such a potential constraint were not
explicitly taken into account. From the point of view of empirical research,
its consequences are similar to those of credit rationing. In both cases, the
investment equation to be used must arise from an optimization problem
that explicitly includes the possibility of quantity rationing.

Lack of infrastrictiure

It is usually accepted that private investment can fall as a result of higher
public investment when the latter rests on scarce financial resources. In
industrialized countries, this crowding-out effect is induced by higher
interest rates. In developing countries in which financial repression pre-
vails, itcan arise from a tightcredit rationingat the prevailing administered
interest rate. However, public investment could also impose a positive
externality on private investment in countries characterized by a lack of
infrastructure or by weaknesses in the provision of public goods. In this
case, theaccumulationof publiccapital would becomplementary to private
investment.

This ambiguous relationship between public and private investment
presents a challenge to applied research. On the one hand, empirical
estimates should provide an answeron whether or not the lack of infrastruc-
ture is important enough to give rise to a significant externality. On the
other hand, these estimates should help decide whether the crowding-out
effect dominates the positive externality, or the opposite.

Economnic instability

Some of the variables relevant for investment decisions fluctuate more in
developing countries than in industrialized ones. In part the reason is their
different economic structures, particularly as regards sectoral diversifica-
tion. For instance, there may be important variations in the real exchange
rate in countries whose exports are concentrated in a few raw materials or
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agricultural products. However, most of the instability that characterizes
developing countries results from political and institutional factors. In fact,
the largerchanges in the real exchange rateoften result from policy-induced
over- or undervaluation of the domestic currency. The same holds true for
the availability of credit, aggregate demand, and other variables whose
level depends on sudden (and sometimes dramatic) changes in economic
policy.

If firm owners are risk-averse, that instability will result in lower levels
of investment because of the larger variance in expected profits. This
outcome wou ld also hold if investment were irreversible (at least partly), so
as to give rise to sunk costs whenever capacity utilization fell (Pindyck
1988). Even if firm owners were risk-neutral and capital goods could be
resold, however, there would be important consequences for empirical
research. Dramatic changes in economic policy (such as the adoption of
adjustment programs) put forward the Lucas critique. As such, different
specifications should be used for the investment function, depending on
prevailing macroeconomic conditions.

An integrative framework

Three of the issues discussed-financial repression, shortage of foreign
exchange, and lack of infrastructure-can be introduced in a rigorous
manner into the investment equations usually considered for empirical
research. Here a single analytical model from which different specifications
can be drawn is used for this purpose. As regards economic instability, the
fourth issue, its consequences on the specification of empirical investment
equations are discussed in the next to last section.

Objectiveftunction and constrainits

Consider the investment decisions of a single representative firm that
seeks to maximize the sum of its discounted dividends, or, tantamount, to
maximize the rise in its market value, AV, over a finite horizon. This
dynamic feature of the investment decision can be taken into account by
considering just two periods: present (t) and future (t + 1):

(5-1) AV - ,.L,) + [v,.KP, - v,-,.(1 + r,-,).KP, t]

r -.7-vu.KP,.(ux, + II,'t)
2

+I + r, (O+ Q+ xs .L

+v+,4 .KP, I v,.KP,
i + r

where V = the market value of the firm
Q = output
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KP = capital stock
L = employment level
p = nominal price of output
v = nominal market price of capital goods
w = nominal wage
r = discount rate (or nominal interest rate), which

is treated as given,' and
U = investment rate.

The first term on the right-hand side of equation (5-1) represents current
profits in period t. The second one measures capital gains or losses during
the first period that arise from changes in the market price of the firm's
machinery and equipment. Since neither of these two terms depends on the
level of investment, they are hereafter replaced by Z, and treated as given.
The third term is a convex function of the investment rate, u,, which is the
ratio between gross investment, III, and the capital stock, KP,. The whole
third term is equal to (larger than) IP, when the parameter r is null (strictly
positive).6 The fourth term stands for the discounted value of futurecurrent
profits, whereas the last one corresponds to capital gains or losses in the
second period.

The firm's optimization problem includes a set of technological and
economic constraints. Among the former is the motion law of capital stock,
which depends on the investment level and the depreciation rate, &:

KP,+ IP, l+ ,
(5-2) KP1 1 + KP. -+ ,O ' < 1.

1 +5 1 +

The production function is the second technological constraint on
investment decisions. Assume, for simplicity's sake, that

(5-3) Q, 1 =f(KG, I' KP 1 , L, ,) = KGO, t.KP-, ,.LO,.

1>0, O<ca<1, 0<1<1

where KG is the public sector's capital stock. KG measures the level of
development reached by the country's infrastructure. A larger KG imposes
a positive externality on private production whenevert >0. To the contrary,
where T = 0, equation (5-3) is just a standard Cobb-Douglas production
function. Note, further, that gi = Ocorresponds to the fixed coefficients case,
with private capital stock as the scarce production factor.7

Economic constraints arise from the structure of the markets in which
the firm operates. A quite general specification of the demand curve faced
by the firm is the following:

(5-4) t Y, =-. P', )-a
I P.
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where Y is aggregate demand, / is the number of firms in the whole
economy, p is the nominal price of output and P is the general price index.
Therefore, p/P is the relative price of the firm's output.8

Depending on the valueof c, different market structures are obtained.
The firm operates in monopolistic competition when Cl> 1, in which casep,.1
is one of its control variables. Besides, it operates in a perfectly competitive
market when o -X + ,, whereas it faces a sales constraint such as those
considered by disequilibrium models when ca = 0. In these two cases, the
price is given at the level p, , 1 = P, + so that it does not represent a control
variable of the firm anymore.

Concerning the other markets, the discussion in the second section
points out that credit and foreign exchange shortages are likely in develop-
ing countries. If the firm is unable to borrow beyond a certain limit,
investment expenditures are bounded by:

(5-5) v.KP,.(u + u ,2) < PrF
2

where F is the financial resources available to the firm (the sum, meas-
ured in real terms, of internal financing, net credit, and additional equity
capital).

The second possible quantity constraint relates to using the direct
allocation of foreign exchange as a way to reduce purchases abroad.
Assuming that a given share 4) of total investment must be imported, the
rationing scheme implies:

(5-6) 4).lP', <• - 0, < 0 1 < 1

where xis the nominal exchange rate and A is the foreign currency available
to the firm.9 If quantity restrictions were used instead of an administered
allocation of foreign exchange, x,.A /v, would directly measure the allowed
import quota.

Mvlonopolistic coinpetition

Assume that monopolistic competition prevails in the goods market (a > 1)
and that there are no investment costs (r =). By replacing equation (5-2)
in (5-1), the firm's objective function can be rewritten as:

(5-7) AV= Z,+ - 1 (pt, ,.Q,, - c, ,.KP,. , - w,7 l .L,,1)

with: c, v,. (6 + r, - (v,,1 -v,)/v,) since 6.r, = 0.

Here, c, , is the standard analytical expression for the user cost of
capital, that is, for the flow price of capital services. Indeed, 8 is the
depreciation charge per unit of capital, whereas r, - (v, , - v,)/v, can be seen
as a real interest rate evaluated with respect to the market price of capital
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goods. The c, ., variable allows the intertemporal optimization problem to
be transformed into a traditional static one.

The firm maximizes AV with respect to its future price p, t and its future
capital stock KP,,I. Taking into account equations (5-3) and (5-4), the
objective function becomes:

(5-8) AV=Z±+ -_ 1 .[p__ ;l . (Y,.11J). Pa,,1 - ct.l KP+

-wt, + (Y,*l/) P,.YP,+,.KG, ,.P 1 ]KKP

The first-order condition with respect to y, . gives rise to a standard
mark-up equation on labor costs:

(5-9) Y(Y /J)(lIl)/o KG+,1 .KI' . ( p

with e = + (1 -P)o. The mark-up ratio rises in line with aggregate demand
and declines in line with both capital stock and (assuming t > 0) the
country's infrastructure.

The firm's optimal capital stock is obtained by replacing this result in
the first-order condition associated with KP, I:

Cc a Y, ).KG"-1) C~~~~~~)'-(5-10) KPt - a 0 Y )O- 1c w
(0 P (-)o ( - )a ( ') .KG 1 (. )o ( I )()

For KP, , to correspond to the maximum AV, the second-order condition
must also be fulfilled. Intuitively, where ca > 1, it is necessary to verify a +
E < a/(c - 1). Otherwise, the exponent of KP, ., in equation (5-10) would be
negative, so that the optimal capital stock would increase with the user cost
of capital, decrease with aggregate demand, and so forth.

The optimal investment rule under monopolistic competition is ob-
tained by rewriting equation (5-10) in growth rates, hereafter indicated by
a hat, A. Provided that

(5-11) KP,, KP,

(see equation 5-2), and replacing 9 by its analytical expression,

I!'~~~~~ _ (-'+- -)

with: __ > 0' OR2 Ž,
(oa + ,) + (I - ax - Pi)s ( )(a + )+ (1- a- )P
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OR 3+(O1- )a < ' (aNo- 1) <0
(a + 3) + (I - a - 3)c O (cc ° x )(1c -1a)a

The subscript R indicates that the coefficients correspond to the monopolis-
tic competition model.

Equation (5-12) is the kind of analytical expression developed for
industrialized countries by Blanchard (1988) or, in a more elaborate frame-
work, by Sneessens (1987). Its main aim is to providea microfoundation for
the arguments usually considered when dealing with data. Indeed, the first
term on the right-hand side of equation (5-12) can be seen as an income
accelerator. Concerning the last two terms, they capture the effects of
changes in relative factor prices.

What is added by equation (5-12) is the effect of a larger infrastructure
on private investment (the second term). Thus, the equation captures one
of the arguments of the literature on investment in developing countries
discussed above. Such an effect arises from the specification of the produc-
tion function and is embodied in coefficient oR2/ which is positive whenever
X > 0.

Finally, notice that the structural parameters x, C, x, and a can be drawn
from the p coefficients in equation (5-12):

(5-13) 1 + ,R3 DR4
PRI + OR3 + GR4 ORI + R3 + R4

T = R2 a = R3 'PR4

)R I (POR3 q)OR4 )R I

Concerning 6, no additional calculations are required.

The "true" neoclassical case

Deriving the optimal investment rule under perfect competition from
equation (5-12) is straightforward. In this case, the firm faces an infinitely
elastic demand curve (a -> + 00) at a given price (P, = P, 1) By using limits,
equation (5-12) yields:

tP c 1.1 '
(5-14) KP = + ON2 KG,+13 ( P,, ) -PN'I P )

with: ON2 T I 13 N3 l C 0 N4 < 0.
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The subscript N indicates that the coefficients correspond to the "true"
neoclassical model.

The restriction required on the production function parameters to fulfill
the second-order condition is now a + e < 1. These parameters verify:

(5-15) + N3 1 N4 - 4N2

ON3 + O
4~N ON3 + ON ± N

Investment rules such as the one represented by equation (5-14) have
seldom been used in industrialized countries (an exception is the paper by
Schramm 1972). One possible explanation is that the omission of an income
accelerator effect leads to disappointing empirical results. In addition, what
has usually been identified as the "neoclassical" investment function is a
specification quite different from equation (5-14).

Effective dewand (thie so-called "nieoclassical mnodel ")

At the opposite of perfect competition, it can be assumed that the firm faces
quantity rationing in the goods market. This situation is likely to occur
when prices are set by the government or when they result from prior
contracts. In terms of equation (5-4), demand is fully inelastic with respect
to relative prices (c; = 0) so that sales have to be taken as given at the level
Y, ./J. Replacing o = ) in the 0 coefficients of equation (5-12) yields the
following investment rule:

(5-16) O - =6 + d)fi . (--4I ) + {.2 KG, +0,. ( jI)

wih K, a I- > , OK' T < O' OKS < + 

and structural parameters a, fk, and t given by:

+ ¢)KS 13 OKS K2

QK OPKI OKI

The subscript K indicates that the coefficients correspond to the effective
demand model. In this case, no restrictions are required on the returns to
scale a + E.

According to equation (5-16), if the firm faces a sales constraint, its
investment rate is a decreasing function of the growth of the country's
infrastructure (OK2 S 0). This Keynesian feature is in sharp contrast with the
results arising from the market structures analyzed above. Therefore, it can
be used to check whether the sales constraint is binding (a significantly
positive estimate for O., would suggest that actual ca is not null).
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Except for the role of the public sector's capital stock, equation (5-16) is
quite similar to Jorgenson's (1963) investment rule. The latter, which has
been widely used for empirical research in industrialized countries, is
known as the "neoclassical model." The reason is that, unlike the "naive"
income accelerator, it takes relative factor prices into account. However,
equation (5-16) is also close to the investment rules arising from
disequilibrium models (see, particularly, the analysis developed by
Grossman 1972).

The implicit approach (Tobin's q)

Now assume there are significant investment costs, so that ,> 0. Since the
expected user cost of capital cannot be calculated anymore, the optimal
investment rule will not depend on c, . Instead, consider the following
Lagrangian:

(5-17) 12= Z, + r, (PIQ-I-I (', 1 Q ,,-w, L ,.,)-v . KP, . (u, + 2 X)

+ -v KP, + v,* . (K, -KP

where v, is the multiplier associated with the motion law of capital stock.
The control variables are now i,, KP, ,,and L, , whichleads to the following
first-order conditions:

v*

(5-18) 1 + r. u, =-(1 )

(5-19) vI * -- . [p ,+ .f'P,(KG,.,, KP,1,, L,,) + v,+, 
1 rI

U)
(5-20) f',(KG,.,, KP,1,, L, 1) t- 1

where ' is the first derivative with respect to the variable indicated in the
subscript.

According to equation (5-19), the multiplier v,* gathers the discounted
effects of a larger capital stockon futurecurrent profits, but alsoon the resale
price of the firm. Therefore, v,* must be seen as the shadow price of
additional capital. The right-hand side of equation (5-18) in turn is nothing
but the marginal value of the q variable defined by Tobin (1969), since it
measures the ratio between the shadow price of additional capital, v,* (here,
adjusted for depreciation), and its market price, v,.
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Replacing equation (5-19) into (5-18) leads to the following investment
rule:

(5-21) 12, + r .f'KP(KG,l,, KP,.,, L,) + V
1 1v, .(1 + 6).(1 +r,)

where q is the marginal Tobin's ratio. The problem with equation (5-21) is
that only average q is statistically observable. Indeed, the value of the firm
on the stock market provides information on the shadow price of existing
capital goods, that is, on the sum of total discounted profits plus the resale
price of total capital. It does not, however, necessarily provide information
on the shadow price of investments to be made. This point can be seen by
replacing the analytical expression of the demand curve (equation [5-4])
and the last first-order condition (equation [5-20]) into the right-hand side
of equation (5-21), which yields, for marginal q:

(5-22) . [- a. -. 9 , - U 

.( _ytL, K) . . .W + V,t

Marginal q is equal to the statistically observable q only if the exponent
of KP in equation (5-22) is zero. This condition occurs when a + JR = a/(CF -
1), that is, when increasing returns to scale are exactly offset by the price
decrease resulting from more output. This situation is, of course, very
unlikely. However, the assumption a + e = o/(a -1) has been widely used
in the literatu re in the hypothesis of perfectcompetition in the goods market
(a -* + oo). In this case, the required restriction on the production function
parameters is ax + 1 = I (Hayashi 1982).10

For a given capital stock, KP, the average Tobin's ratio can be written,
by definition, as:

(5-23) q,(KP) = Of q,(k) A4

where f is the average Tobin's ratio. Replacing the analytical expression of
marginal q, in equation (5-23) yields:

(5-24) qt (cq +f3)+(1 -a-13).a _ 1.l *Ql+

(oy - I ) . ( + 6?) v},. (I + rt) . KP, l

It is worth noting that this result does not hold when a =0, that is, when
thefirmfaces quantity rationing in thegoods market. Indeed, for anygiven
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price p,, = P, ., there exists a capital stock KP, such that the firm would no
longer face a sales constraint if KP were lower than KPm' Hence, to discuss
the case c; = 0, a more complicated relationship between average and
marginal q must be considered, in which the relevant demand curve is
different depending on whether KP is lower or higher than KP, (Precious
1985).

In equilibrium, all firms set the same price, since they all face the same
optimization problem. Hence, p, = P, 1 , and Q,t = Y,. /l. By replacing
these two equalities into the analytical expression of average q, equation
(5-21) leads to the following investment rule:

(5-25) KP= r6* (q,,,) + ., * yi.,

Kl~

PI l(Y,^ /1) ((X+ N + Ga15.
with: I -,(= 1)KP/r>Ol =-

v, . (I + r,) . KP),+,r.(c I I+6

where y is the discounted average productivity of capital. The subscript T
indicates that the coefficients correspond to the implicit approach model.

Coefficient( ,7is positivewhen ct + 2 > c/(o -1), that is, when increasing
returns to scale more than offset the decrease in prices resulting from more
output. Unfortunately, r is the only structural parameter of the model that
can be drawn from the ¢ coefficients in equation (5-25).

The investment rule represented by equation (5-25) is similar to theone
discussed by Schiantarelli and Georgoutsos (1990). In both cases, the
empirical equation bridges the gap between the statistically observable
average q and the relevant marginal q by means of a variable or set of
variables related to the business cycle. Indeed, the ratio y, , can be seen as
an indicator of the discounted average productivity of capital. In the case
of a fixed coefficients technology (9 = 0), it represents a proxy for capacity
utilization (Licandro 1992). Thus, the inclusionofy,, in theinvestmentrule
provides a rationale for a current practice in empirical Tobin's q studies for
industrialized countries (see, for instance, von Furstenberg 1977; Malkiel,
von Furstenberg, and Watson 1979; and Chan-Lee and Torres 1987).

Credit rationing

When a firm faces credit rationing, the constraint represented by equation
(5-5) is binding. This equation can be rewritten as a polynomial of degree
two in u,:

(5-26) 2 ' v, . KP,
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with the only positive root given by:

= - + -I .4(- 2F. )1j2

F F r.KI'

Taking a second-order Taylor expansion around F = 0, the following
investment rule is obtained:

IP' P . F P. F,
(5-27) RV = KP +PFS* ( KP)

with: OF8 = - F. The subscript F indicates that the coefficients correspond to
the financial repression model.

The second term on the right-hand side of equation (5-27) is approxi-
mately zero when investment costs are not large, but strictly negative
otherwise. Notice that no restriction is required on the parameters of the
model. However, as in the implicit approach, the latter cannot be directly
drawn from the coefficients of the reduced form.

Equations such as (5-27) are used in industrialized countries to account
for the adjustment toward the optimal capital stock. The idea is that the
fundamentals of investment decisions are aggregate demand and factor
prices, whereas financial conditions affect the speed at which investment
can be undertaken (see, for example, Gardner and Sheldon 1975). Conse-
quently, there should be a positive coefficient for contemporary F, values
butnegativecoefficients forlagged F values,and creditrationingwould not
modify the investment level in the long run. This outcome would not
necessarily hold in developing countries, if financial repression actually
were a long-lasting obstacle to capital accumulation.

Foreign exchan,ge shortage

Finally, the firm can be rationed by the availability of foreign exchange.
Provided that a given share (P of total investment must be imported, this
rationing sets the upper limit for purchases of machinery and equipment.
Hence, equation (5-7) is binding and gives rise to the following investment
rule:

IP, x.A
(5-28) --- O(5-28) ~~~~KP, v,9 -,. KP,

with: ox = I /(. The subscript X indicates that the coefficients correspond
to the foreign exchange shortage model.

Once again, the main structural parameters of the model cannot be
drawn from this equation.
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Main empirical findings

The discussion above shows that there are many competing specifications
for the investment function depending on the values of some key param-
eters of the economy and on whether some quantity constraints are binding.
Now the empirical performance of such equations must be considered.

From theory to estimation

Table 5-1 summarizes the relationship between the theoretical models
discussed above and the restrictions on the optimization problem of the
representative firm. Each of the models is identified with a capital letter: R
for monopolistic competition without investment costs; N for the "true"
neoclassical case; K for quantity rationing in the goods market; T for the
Tobin's q approach; F for credit rationing; and X for a foreign exchange
shortage. These letters are the same as in the 4 coefficients of the corre-
sponding investment rules, represented by equations (5-12), (5-14), (5-16),
(5-25), (5-27), and (5-28).

The six theoretical models combine in different ways nine exogenous
variables. Each of them is identified by a number, ranging from 1 (for the
growth rate of demand) to 9 (for the availability of foreign exchange).
Noticethat theseare thenumbers associated with the coefficients in thesix
investment rules. For instance, the coefficient multiplying the growth rate
of infrastructure is 0R2 in the monopolistic competition model, N2 in the
neoclassical model, and K2 in the Keynesian model.

The theoretical investment rules are not used in their pure form for the
empirical task. A first set of adjustments concems time lags.'" For instance,
"time to build" has to be taken into account. Indeed, the theoretical models
explain the decision to invest, whereas the data measure actual investment.
The lag between both, which may be different from one investment project
to another, arises because of delays required to choose, buy, receive, and
install new capital goods. Therefore, aggregate IPIKP, should be related not
only to the current values of the exogenous variables butalso to their lagged
values. An additional "timing" problem with the investment rules dis-
cussed above concerns expectations, which are not statistically observable.
For this reason, variables such as Y, ,,, KG, ,, and w 1 /IP,. 1 are replaced by
distributed-lag functions relating their future level to their current and past
values.

When time lags are considered, the six investment equations can be
rewritten as in table 5-1.12 In the latter, each of the 4 coefficients is replaced
by <(L), with L being an operator such that Lx, = x, and p(L) representing a
polynomial expression of degree k in L. It follows that O(L).x, is equal to a0.x, +
al.X,- I+ ... +ak.x. k The long-term coefficient of x, in turn is the sum of the
effects arising fromx,, x, x,_ *- , that is:aO + a, + ... + ak, or, in a morecompact
notation, o(1). Such a long-term coefficient should be equal to the 4 coefficient
of the theoretical model. This point is stated in the last column of table 5-1.
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A second type of adjustment arises from aggregation. Each of the six
investment equations is derived from the optimization problem of a single
firm. However, it is intuitively clear that theycan becombined toget nixed
investment equations at the macroeconomic level. For instance, it could be
assumed that a fraction 1t of the firms does not face quantity rationing, either
in the financial market or in the foreign exchange market. The investment
rate, i,, of these firms would therefore result from the theoretical models R,
N, K, or T depending on the values of parameters rand c3 (say, u, = ut, with
i = R, N, K, or T). It could also be assumed that for a fraction Q of the firms,
the investment rate is bounded by theavailability of credit (u, = UF). Finally,
in the remaining firms, the foreign exchange shortage would be the binding
constraint (n, =ux) Hence, the macroeconomic investment equation would
be:

(5-29) = I A. 11r, + LI - -ixt

with the analytical expressions of u,,, Fll, and uix, given by table 5-1 and with
i and Q possibly set equal to either 0 or I based on prior information, where

It, U., and ui are investment rates.
The coefficients in equation (5-29) can be written as i.O, (with i = R, N,

K, or T), U'OF' and (I - - Q).Ox, with the same analytical expression for O,
OF' and ox as in table 5-1. In models R, N, and K, the structural parameters
xc, 1, t, and ca could be drawn from the c coefficients. This possibility is also
true for parameter r in both the T and F models and for parameter 4< in the
X model. In equation (5-29), however, the number of structural parameters
is higher than the number of coefficients. Therefore, this second type of
adjustment to the theoretical rules implies a significant loss of information
on the key features of the economy.

Finally, the third type of adjustment is an ad-hoc attempt to take into
account the economic instability characterizing most developing countries.
Often, an additional variable is included in the chosen specification to
measure the variance of some relevant macroeconomic aggregate, such as
total output or retunms on financial assets. Since increased economic
instability should depress private investment, the expected sign of the 0
coefficient associated wvith this tenth variable would be negative whatever
the chosen specification.

An overview! of aplied research

Theempirical studieson private investmentindevelopingcountriesarenot
very numerous. It must be granted that standard macroeconometric
models have been estimated in many countries to produce short-run
forecasts. However, their investment equations are often specified in a
rather ad-holc way. For this reason the approach used in this study was to
survey a setof 31 recent studies that deal specifically with the determinants
of private investment in developing countries.' 3 Their results are presented
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= Average Tobin's ratio K =Effective demand
y = Average productivity of capital T = Implicit approach
F = Financial resources available for investment F = Financial repression
v = Nominal market price of capital goods X = Foreign exchange shortage.

Source: The author.
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in table 5A.1 (at the end of the chapter), whose first column identifies the
correspondingauthorsanddates. Whilethissetofstudiesisnotexhaustive,
it includes a large variety of specifications, countries, and data sources and
therefore provides a rather accurate picture of the state of the art.

As regards the countries, they are indicated in the second column of
table 5A.1.14 A look at the list suggests that the sample has some regional
bias: the share of Latin American countries seems excessively high, whereas
just a few African countries are considered. Such a bias could arise from the
unavailability of data. Lack of data could also account for the fact that only
two estimates are based on microeconomic information (see the third
colurmn). Nevertheless, the level of disaggrega tion in the remaining studies
is sometimes significant. For instance, one of them uses information at the
three-digit level, whereas two others distinguish between small and large
firms. Concerning the frequency of the series, only three of the studies
employ quarterly information; the others are based on annual data.

The fifth colu'mn indicates the specification of the investment equation.
Although the theoretical grounds provided by the authors may be different
from those presented in the third section of this paper, in comparing the
results table 5A.1 is only concerned with the exogenous variables consid-
ered in each case (I to 9 in terms of the 0 coefficients).'" Depending on the
studies, these variablesaresometimes lagged one period. More frequently,
the investment equation includes a partial adLjustment process (this is true
in 11 cases).

In eight of the studies, the chosen specification corresponds to a "pure"
model (R, N, K, T, F, or X in terms of table 5-1), the "pure" effective demand
specification being the only one not represented in the sample. In the
remaining cases, instead of a single model, linear combinations of two or
more specifications are used, as in equation (5-29). Most of them include
credit as an argument, a fact that shows the wide acceptance of the F model
for developing countries.

The fitof the estimated equations, measured by theadjusted coefficient
of determination, can be found in the last column of table 5A. 1 6 Whereas
the average coefficient is quite low (about 0.7), there are large differences
between studies, ranging from 0.08 to 0.99. However, care is needed when
assessing these results. On the one hand, low coefficients are quite common
when using panel data, the case with the lowest reported value. On the
other hand, some of the best fits correspond to estimates in which the
endogenous variable (fourth column) is not scaled, so that a high coefficient
of determination could just reflect a spurious correlation between trending
variables." 7

Estitnated coejficienits

The columns numbered 1 throuigh 10 in table 5A.1 embody the exogenous
variables that may affect private investment decisions in developing coun-
tries. The estimated sign of the corresponding 0 coefficients in each of the
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studies is indicated by "+" or "-" when they are not statistically significant,
and by "++" or "--" when they are significant at the 5 percent level. 8 Since
23 of the studies are based on mixed investment rules (such as equation
[5-29]), there is almost no information on the structural parameters of the
model. An attempt was made to draw their values from the 0 coefficients
of the remaining seven studies, but the results were rather discouragingand
are not discussed here. Instead, some regularities in the sign and signifi-
cance of the estimated coefficients are noteworthy.

Aggregate demand appears as an important variable in explaining
private investment. Included in all but eight of the studies, its coefficient is
always positive and almost always statistically significant. The implication
is that the pure neoclassical model (in which there is no income accelerator)
may not be appropriate for developing countries. However, these results
need to be treated with care because of the spurious correlation problem
mentioned above: if investment is not scaled (by the capital stock, for
instance), aggregate output could just be acting as a trend.

Concerning public investment, although most of the studies discuss its
crowding-outeffects, only 11 account for the possibilityof an externalityon
private investment.' 9 The corresponding coefficient has the "right" sign in
seven cases, a reflection of a positive value of parameter T. In the study by
Gupta (1984), thecoefficient is negativeeven though the model is not based
on the K specification (it does not consider the rental/wage ratio as an
argument). The opposite is true for the study by Sundararajan and Thakur
(1980), in which the empirical investment equation includes model K but
leads to a positive coefficient for public investment. In both cases, this point
would mean that the development of infrastructure gives rise to a negative
externality (x < 0), a rather surprising outcome.20 In fact, the results could
reflect a wrong appraisal of the structure of the goods market.

As regards relative factor prices, table 5A.1 depicts a more disappoint-
ing panorama. Very often, they are not even taken into account in the
empirical investment equations. Besides, in most cases they are not mea-
sured as required. In particular, this problem occurs with the user cost of
capital, which is defined in the proper way only in five cases. In the
remaining studies, it is replaced by a large variety of proxies, such as the ex-
post real interest rate, the actual or expected inflation rate, the relative price
of capital goods, and the ratio of assets to liabilities. The corresponding
coefficients generally have the "right" sign, although they are not always
statistically significant.

Fourstudiesavoid takingfactorpricesexplicitly intoaccount, choosing
instead the implicit approach, either in its pure form or combined with the
F model. In all the cases, the coefficient of the q variable is positive and
highly significant. Two of the studies also include a business-cycle indica-
tor, which "corrects" the observable average q and leads to the (relevant)
marginal q. The corresponding coefficients are positive and statistically
significant, evidence that increasing returns to scale more than offset the
effect of a downward-sloping demand curve. These results suggest that the
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implicit approach may be a useful device in developing countries, in spite
of the weakness of their capital markets.

The availability of credit also emerges from table 5A.1 as one of the
decisive arguments for private investment in many developing countries.
Indeed, financial variables are included in 21 of the studies, and the
corresponding coefficients almost always have the right sign and are
generally significant. However, as was the case with relative factor prices,
financial variables are sometimes measured in quite misleading ways. In
particular,instead ofcreditavailability(which is related tosavings,banking

system regulations, and other factors), most of the studies consider actual
credit, which represents just the "short side" of the financial market. In this
case, the estimated coefficients do not convey information on whether
investment decisions are determined by actual credit or the opposite.
Therefore, care is needed when assessing the financial repression hypoth-
esis from the results reported in table 5A.I.

Eight of the studies take the availability of foreign exchange into
account by means of a large variety of statistical indicators, among them
exports, international reserves,and the real exchange rate. Thecorrespond-
ing coefficients always have the right sign and are almost always signifi-
cantly positive. However, a rise in the chosen statistical indicators could
reflect sound and sustainable domestic economic policies. Expected prof-
itability should therefore increase, even though aggregate demand, current
factor prices, and other factors remain unchanged in the short run. If this
situation pertained, the chosen balance-of-payment variables could account
for the "investment climate," but not necessarily for quantity rationing.

Finally, seven studies includeadditional indicators foreconomic insta-
bility. In some cases, these are dummy variables that reflect economic
policy changes or uncertainties. Other studies measure instability through
the standard deviations of either relative prices, aggregate output, or stock
market yields. In all the cases, the corresponding coefficients have the
expected sign and are statistically significant.

Dealing with economic instability

The results reported in table 5A.1 provide some support to the theoretical
arguments discussed in the second and third sections concerning the
determinants of private investment in developing countries. In particular,
the estimated coefficients often have the right sign and are generally
significant. The fit of the equations is not, however, fully satisfactory. One
of the reasons could be theaggregation criteria used toget a singleequation
from many different investment rules. Aggregation raises specific prob-
lems in the context of economic instability, such as that characterizing most
developing countries.

The most general specification (equation [5-291) was obtained by as-
suming that a share, p, of the firms did not face quantity rationing, whereas

for shares t2 and I - .t - 02, investment was determined by the availability of
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credit and foreign exchange, respectively. Parameters 11 and Q could
possibly be set equal to zero or one based on prior information, but they had
to be constant for the whole period studied. However, it is intuitively clear
that 1. and n could rise or fall significantly if economic policy were sharply
modified. For example, monetary tightness could increase the share of
firms that facecredit rationing, while the adoption of exchange ratecontrols
could increase the share of firms constrained by available foreign currency.
In this section, a rigorous aggregation procedure is used to deal with these
changes.

The theoretical analysis presented in the third section holds at the level
of any single firm j, with j = 1, 2,...,1. Thus, the firm's investment rate is II
= (),,, with i = R, N, K, or T if no quantity constraint is binding. If, to the
contrary, firm j is rationed in the credit market, its investment rate is ,,=
(uF),,. Finally, II, = (Oi),, if fi rmj faces a foreign exchange shortage.2' This can
be written as:

(5-30) Iu = = Min [(u ),, (ui )d, (0),]

where Min is the minimum operator.
The investment rates (u,),, (I"),, and (n,)p will generally diiffer from one

firm toanother,dependingon their capital stock and theiraccess to financial
resources and foreign currency. This heterogeneity is captured by the
following multiplicative model:

(5-31) (1,),, = (1), s ,)(uid= , sl *, (1IX)u = 1x Sxi

where s is firm-specific stochastic disturbances. In equation (5-31), IX,, us,F,
and uixt areaggregate investment functions such as those considered in table
5-1. Hence, they only depend on macroeconomic variables, such as aggre-
gate demand and average factor prices (the reason that the "j" index is set
aside). Concerning s,*, s,,, and sx,, they represent positive disturbances that
differ from one firm to another but that do not change over time (therefore,
the "t" index can be omitted). Depending on their specific disturbances,
some firms will be able to attain their desired investment rates, whereas
others will be constrained either by credit or by foreign exchange.

Assume that s, s, and sx can be treated as independent stochastic
variables, and let h(s), h.(s), and hik(s) be their corresponding density
functions. In this case, the aggregate investment rate is given by the
following mean of equation (5-30):

(5-32) II, = S oJ Min 11l,, 15rZ lx, ) * h,(s,)h,(s,)hX(sX)dsd,dsAsx

where hare the density functions. If, in addition, h,(s), hF(s), and h (s) can be
approximated by the same Weibull law with unit mean, it can be shown that
equation (5-32) becomes:



128 Adjustment Theory and Investment Policies

(5-33) 1 = [ ,x +u1 S + IIXuI IS

(see Gourieroux, Laffont, and Monfort 1984, p. 28).
In equation (5-33), the it parameter (it > 0) arises from the Weibull law

and is higher the lower the variance of disturbances s;,s, and s,. Notice that
for it -> + 00, the right-hand side of equation (5-33) becomes a minimum
condition. In economic terms, the variance of the s,, s and sx disturbances
is zero, so that for given levels of u,, u ,, and u X,, all the firms are in the same
situation. Consequently, there are no aggregation problems, and the
investment rate for the whole economy is just the lowest of three different
rates arising from competing specifications, which can all be expressed in
the same way as for a single representative firm.22

Equation (5-33) is close to the investment rule developed by Lambert
(1986). In his model, the optimal capital stock can be explained by two
competing specifications, while an error correction mechanism leads to the
investment equation to be estimated. However, the Lambert model is only
concerned with shortages in the goods market (in terms of the third section,
the competing specifications would be models K and N). Equation (5-33),
to the contrary, allows for a wider range of constraints on the optimization
problem of firms.

Equation (5-33) is also close to the kind of weighted average repre-
sented by equation (5-29), on which stands most of the applied research
discussed in the fourth section. However, there are two important differ-
ences between these two specifications. First, in equation (5-33) parameter
7r is estimated simultaneously with the 4 coefficients in U,, iF, and ux,. Since
the values of the structural parameters of the model are to be drawn from
these coefficients, equation (5-33) avoids the loss of information that char-
acterized equation (5-29).

The second difference concerns the M shareof nonconstrained firms and
the Q share of firms facing credit rationing. In equation (5-29) these shares
are constant. In equation (5-33), in contrast, they both change over time,
their optimal estimates for period t being:

(5-34) = i[ ,= I * ]

where u, and UF are investment rates and uI is the forecast of the aggregate
investment rate (see Sneessens and Dreze 1986). Once the parameter it

and the 4 coefficients in u,,, UF,' and ux, have been estimated, these shares can
be easily calculated. Therefore, equation (5-33) allows a more accurate
analysis of the determinants of private investment. For example, there
could be a depressed investment rate in some periods because of general-
ized credit rationing (that is, because of a low UF,), while in other periods
the same outcome could arise because of low profitability (low u,,).
Such shifts are not observable when equation (5-29) is used for empirical
research.
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As a result, equation (5-33) allows an analysis of the changing effects of
economic policy measures depending on the current situation. For in-
stance, when an important share of the firms face credit rationing (Q, is
large), higher public investment could lead to a significant crowding-out of
private investment. On the contrary, when private investment is low
because of depressed profitability (1l, is large), developmentof the country's
infrastructure would have a positive impact because it imposes an external-
ity on private profits.

Concluding remarks

The determinants of decisions on private investment in developing coun-
tries are not necessarily the same as in industrialized countries. The
discussion above points out issues specific to developing countries that
arise from their different macroeconomic and institutional setting, such as
financial repression, shortages of foreign exchange, lack of infrastructure,
and a significant economic instability. The empirical studies provide some
support for these arguments. Hence, their careful introduction into the
theoretical models from which investment equations are drawn deserves
further research. This conclusion pertains in particular to the intertemporal
dimension of the analysis, restrained in this paper to a simple two-period
framework.

With a few exceptions, the empirical studies are not fully satisfactory.
The endogenous variable is seldom scaled, as the theoretical models re-
quire, so that it probably contains a time trend. Moreover, some key
exogenous variables, such as the user cost of capital, are measured in
misleading ways. The same holds true for the upper bounds on the
availability of credit and foreign exchange, which define two quantity
constraints particularly relevant in developing countries. This measure-
ment issue also deserves further research.

Finally, thepaper stresses the importanceof theaggregation procedure
in the context of significant economic instability. Sudden and dramatic
policy changes give relevance to the Lucas critique, since they modify the
investment rule. By raising or decreasing the share of firms that face a
rationing of credit or foreign exchange, these changes preclude the repre-
sentative firm approach. The paper includes a methodological proposal to
deal with this problem. Applied research would help decide whether the
suggested procedure improves the econometric performance of empirical
investment equations in developing countries.

Appendix 5A.

The following table compares results of empirical studies on investment in
developing countries.
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Table 5A.1 Empirical studies on investment in developing countries
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Table 5A.1 Empirical studies on investment in developing countries
(continued)
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Table 5A.1 Empirical studies on investment in developing countries
(continued)
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Table 5A.1 Empirical studies on investment in developing countries
(continued)
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Notes

1. The comments by the late Bela Balassa, Eduardo Borensztein, Luis
Serven, and Andres Solimano, and by participants at the 6th World
Congress of the Econometric Society (Barcelona), are gratefully ac-
knowledged.

2. However, if there was a spillover of the credit demand to the curb
markets, the average interest rate would rise in line with the amount
borrowed by the firm.

3. Other disequilibria considered by these models do not seem relevant
to explaining private investment in developing countries. This is the
case with manpower shortages in particular.

4. Note, however, that in many developing countries such devices aim at
restraining purchases of sumptuary consumption, rather than at input
and investment imports.

5. Steigum (1983) and Chirinko (1987) analyze the case in which the
interest rate, r (and therefore investment decisions themselves), de-
pends on the debt-to-equity ratio of the firm.

6. Notethatthepriceof capital,v,, is thesame in this termas in theprevious
one, a reflection of the assumption that capital goods can be resold.

7. A third technological constraint would be IP, 2 0. However, through-
out the paper it is assumed that the determinants of investment are such
as to avoid the corner solution IP, = 0.

8. The microfoundation for this kind of demand function is provided by
Dixit and Stiglitz (1977).

9. Equation (5-6) is written as if the price of capital goods were the same
no matter what their origin (imported or domestically produced).

10. If a = 0, to thecontrary, verifying that marginal q is a decreasingfunction
of KP is straightforward (Blanchard and Sachs 1982).

11. Although the model considered just two periods (present and future),
it is possible to proceed as if both of them included many years or
quarters (say, t, t - 1, t - 2, ... and t + 1, t + 2, ... respectively).

12. For simplicity's sake, in table 5-1 the number of firms (I) is treated as
given.

13. An additional study by Lim (1987) was not used because it is only
incidentally concerned with investmentand thecorrespondingempiri-
cal equation does not lead to significant coefficients.

14. The meaning of all the abbreviations used in table 5A.1 (for countries,
variables, and econometric technique) can be found in the appendix.

15. For instance, a specification including the income accelerator and
relative factor prices is seen as arising from model R, unless it takes into
account the rental/wage ratio (model K) or omits aggregate demand
(model N).

16. Note that in some cases the endogenous variable is the overall invest-
ment, so that it includes the accumulation of capital by the government.
Studies dealing with public sector investment only (such as those by



Empirical Investment Equatiotisfor Developing CoLntries 139

Heller 1975 and Chow 1985) were not considered.
17. In fact, only two of the studies (Chhibber and Shafik 1992 and Shafik

1992) test for co-integration of the regressions in levels.
18. In table 5A.1 the exogenous variables are multiplied by -1 whenever

necessary to obtain coefficients whose expected signs are the same as in
table 5-1.

19. The study by Tun Wai and Wong (1982) is not included among these
because the accumulation of government capital replaces aggregate
output, so that it probably captures an income accelerator effect.

20. Here crowding-out is not the issue, since the empirical investment
equations used by both Gupta and by Sundararajan and Thakur take
financial repression into account by including the availability of sav-
ings among their arguments.

21. Models F and X do not entail restrictions on the structural parameters
of the model (see table 5-1). Therefore, they are both compatible with
any of the four other specifications (R, N, K, or T).

22. This point leads to a specific econometric problem, since there is no
information on whether an observation u, arises from the u,, model,
from the uF, model, or from the uix, model. Quandt (1988) provides
useful tools to deal with such a problem.
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Economic Adjustment and Investment
Performance in Developing Countries:

The Experience of the 1980s

Luis Serven
and

Andres Solimano

Developing countries experienced a significant decline in investment rates
and a parallel slowdown in growth in the eighties.- Investment fell
following the decline in the availability of external financing after the debt
crisis, a decline that was not compensated for by an adequate increase in
domestic savings. However, the drop in external financing was not the only
factor behind the slowdown in investment. In some instances, the adjust-
ment measures themselves were a factor. For example, the required fiscal
adjustment, which was oriented to cut domestic absorption, correcting
external imbalances and reducing inflation, often took the form of a de-
crease in public investment-in particular, in public projects complemen-
tary to private investment. The large resource transfer required to service
the foreign debt of most developing countries also discouraged private
investment, as part of the future returns on new investment projects would
effectively accrue to creditors in the form of debt repayments (see chapter
2 "Private Investment and Macroeconomic Adjustment: A Survey", in this
volume).

In many countries adjustment policies involved changes in economic
incentives. However, very often they did not produce a sizable investment
response, thus preventing an effective transition from adjustment to re-
sumed growth. The recovery of private investment probably was slowed
by a lack of confidence in the permanence of the policy measures and a high
level of uncertainty about the future macroeconomic environment.
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This chapter investigates the role domestic and external factors played
in the investment performance of developing countries in the eighties,
drawing on the experience of selected countries and on an econometric
analysis of investment using panel data for a group of 15 developing
countries. The chapter draws some lessons thatcan beapplied to the design
of growth-enhancing adjustment policies so as to bridge the gap between
adjustment and growth.

The chapter is organized as follows. The next section presents the
empirical record of investment in developing countries in the 1970s and
1980s. Itexplores the response of private and public investment toexternal
shocks, macroeconomic adjustment, and structural reform by comparing
three groups of selected countries: Latin American ones that pursued
structural reform and liberalization (Chile, Mexico, and Bolivia); countries
that did not pursue such ambitious reforms and that suffered severe
macroeconomic instability (Argentina and Brazil); and the outward-ori-
ented East Asian countries that adjusted to the adverse external shocks of
the 1980s while maintaining high growth, low inflation, and, in general, a
remarkable degree of macroeconomic stability (Korea, Singapore, and
Thailand).

An econometric analysis of the determinants of private investment in
developing countries using cross-country data for the period 1975-87 for a
selected group of developing countries is presented next. The empirical
estimates are used to evaluate the contribution of different factors to the
slowdown in investment after 1982.

The conclusions appear in the final section.

Investment in developing countries, 1970-88

Between 1970 and 1988 investment rates in developing countries exhibited
two distinct stages, with the turning point in 1981-82 (figure 6-1). For 78
developing countries, the average share of investment in gross domestic
product (GDP) in constant prices increased from about 22 percent in 1970 to
25 percent in 1981, and for most of this period the investment rates were
historically high. With the rise in international real interest rates in 1981 and
the onset of the debt crisis in 1982, however, the rate of investment fell
sharply. The decline started earlier in the highly indebted countries than it
did in other developing countries, and in the former the decline was larger.
For most developingcountries, with the exception of those in Asia, a slowdown
in growth accompanied the decline in investment (tables 6-1 and 6-2).

The fall in investment was so severe that some countries may not even
have been able fully to replace depreciatingcapital. For example, in Africa
the minimum investment needed to replace depreciated capital was esti-
mated at roughly 13 percent of GDP; in 1987, sevencountries in sub-Saharan
Africa had investment rates below that level. Similarly, the minimum rate
of investment needed to replace capital in Latin America was estimated at
14 percent; in 1987, three countries were below that level (Easterly 1989).
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Figure 6.1 Share of investment in GDP for developing countries
(unweighted averages)
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The deficit in the resource balance (that is, the difference between
domestic investment and domestic savings) in developing countries was
considerably smaller after the 1982 debt crisis as a result of the decline in
external financing (table 6-1). However, the decrease in the external deficit
was not matched by an offsetting increase in domestic savings, so that it was
reflected almost entirely in reduced investment.

The empirical evidence from data for a set of 29 developing countries
for which a breakdown between public and private investment was avail-
able shows that the share of private investment in GDP in current prices was
relatively stable until 1980 and then declined, followed by a modest recov-
ery after 1985 (figure 6-2).2 The decline was larger in the highly indebted
countries than in other countries (figure 6-3). Public investment as a share
of GDP rose until 1982 and then fell after 1982, two years later than private
investment (figure 6-1 and table 6-3). Unlike private investment, the rates
of public investment declined steadily until 1988.

Private investment and macroeconomic adjustment:
Selected country experiences

The discussion in this section is organized around the behavior of private
investmentduringadjustmentin threestylized groupsof countries in Latin
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Table 6.1 Investment, saving, and growth in developing countries,
1970-88

Inidicator Group 1970-80 1981-82 1983-84 1985-88

Gross domestic investment All 22.4 24.0 20.2 19.6
(percentage of GDP Highly-indebted 22.8 23.0 18.0 18.4
at current prices) Middle-income 25.5 28.6 24.4 21.9

Low-income 19.7 20.3 17.0 17.4

Gross domestic saving All 16.1 13.7 13.9 14.9
(percentage of GDP Highly-indebted 20.3 20.1 19.8 20.2
at current prices) Middle-income 18.3 17.5 17.7 17.8

Low-income 12.5 7.6 8.0 9.9

Resource balance deficit All 6.4 10.3 6.2 4.6
(percentage of GDP Highly-indebted 2.5 2.9 4.7 4.8
at current prices) Middle-income 7.2 11.1 6.7 4.8

Low-income 7.2 12.7 8.9 7.5

Gross domestic investment All 23.4 24.1 20.6 19.6
(percentage of GDP Highly-indebted 23.1 22.3 17.1 16.8
at constant prices) Middle-income 25.7 28.6 24.9 22.1

Low-income 21.5 20.7 17.8 18.0

Rate of growth of real GDP All 4.7 2.7 1.8 3.3
(percentage per year) Highly-indebted 5.0 -0.3 -0.4 2.7

Middle-income 6.1 4.5 3.9 3.2
Low-income 3.5 2.5 0.5 3.5

Source: World Bank data base.

Table 6.2 Growth and investment

Real GDP growth investment ratio
Region 1965-88 1980-88 1965-88 1980-88

Sub-Saharan Africa 3.3 (.5 17.6 15.9
Asia 6.3 7.4 27.7 31.1
Europe/Middle East/
North Africa 4.6 2.8 28.4 27.3

Latin America
and Caribbean 4.5 1.6 19.7 17.9

Source: lnternabonal Monetarv Ftund (1989, table 15).
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Figure 6.2 Public and private investment for 29 countries
(unweighted average, percent of GDP)
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Figure 6.3 Public and private investment for 13 highly-indebted
countries
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Table 6.3 Public and private investment for a group of 29 developing
countries, 1970-88
(percentage of GDP at current prices)

Group 1970-80 1987-82 7983-84 7985-88

29 countries
Total 20.3 22.2 18.8 17.6
Private 12.2 11.7 9.7 9.6
Public 8.2 10.5 9.0 8.0

13 highly-indebted countries
Total 20.1 20.2 15.1 15.2
Private 12.3 10.9 8.1 8.7
Public 7.8 9.2 7.0 6.5

Note: Sample includes Argentina*, Bangladesh. Bolivia', Brazil*, Chile*, Colombia*, Costa
Rica', Ecuador*, Guatemala, Hungary, Inidia, Indoniesia, Kenya, Korea, Malaysia, Mexico',
Nigeria*, Pakistan, Peru*, 'hilippines*, lIortugal, Sri Lanka, Thailand, TLuisia, Turkey, Uru-
guay', Venezuela', Zambia, Zimbabwe. Countries marked with an (') are highly-indebted.
Source: World Bank (1992).

America and East Asia. The first group, composed of Chile, Mexico, and
Bolivia, adopted decisive stabilization policies oriented toward elimination
of the basic macroeconomic imbalances, together with policies of structural
reform, including the liberalization of foreign trade and deregulation of the
credit and labor markets along free-market lines. The second group was
made up of Argentina and Brazil, two countries that in the 1980s were
unable to stabilize their economies and correct the basic macroeconomic
imbalances in a sustainable way. They did not attempt comprehensive
structural reforms and liberalization of the type adopted by the countries in
the first group. The third group, consisting of three East Asian economies-
Korea, Singapore, and Thailand-adjusted primarily through macro poli-
cies and managed to deal with the external shocks and debt crisis of the
eighfies wivthou t sacrificing growth and domestic macroeconomic stability.

Adjusting ciin lilberalizing coutntries in Latin Amnerica

Chile, Mexico, and Bolivia. These Latin American countries had
several features of their macroeconomic policies and structural reforms in
common. Their macroeconomic policies entailed both real depreciation of
the exchange rate and restrictive fiscal and monetary policies to reduce the
largecurrentaccount deficits and high rates of inflation existingat the time
the reforms started to be applied.'

The structural reforms the three countries implemented were trade
liberalization, financial deregulation, privatization, and development of
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greater flexibility in the labor market. The degree, timing, and results of
these policy reforms varied in each country, although all three shared a
general free-market orientation.

Following the swings in the world economy in the 1980s, the three
countries suffered the cycle of overborrowing, a sharp cutoff in foreign
lending, and the onset of the debt crisis. The pattern of investment followed
the "debt cycle" (figure 6-4). Public investment in Mexico and private
investment in Chile increased sharply during the boom of the late seventies
and early eighties that was led by external borrowing. In 1982, when access
to external lending was abruptly cut off and countries were forced to reduce
their current account deficit rapidly, investment fell sharply. Thus, basi-
cally theadjustment was carried out by cutting the demand for investment
rather than by increasing domestic savings.

Investment in Chile: The "mature" reformer. The experience of Chile
is particularly interesting in several respects. First, it started its reforms
earlier-in the mid-1970s-than the countries in the other two groups did,
and it therefore provides a better "labora tory experi ment" for assessing the
impact of liberalization on private investment. Second, at the time the
reforms started to be applied, the Chilean economy exhibited large
macroeconomic imbalances in the form of high rates of inflation (over three
digits by the mid-1970s) and a large fiscal deficit. Achievement and
maintenanceof low and stable inflation remained a top priority in economic
policy. In addition, the commitment to structural reforms along free-
market lines remained quite strong,4 and the democratic administration
that took office in early 1990 reiterated a commitment to reform.

The response of private investment to the stabilization cum liberaliza-
tion program of the mid-1970s was strong. The share of private investment
in GDP rose from 5.3 percent in 1971-75 to 11.2 percent in 1976-81. In
contrast, public investment fell from 10.6 percent in 1971-75 to 5.8 percent
in 1976-81.

Several hypotheses (and some puzzles) can be offered to explain the
response of private investment. One is the importance of political economy
factors. The country went from the "Chilean Road to Socialism" program
of President Salvador Allende in 1970-73, which involved large-scale na-
tionalization and deeper land reform, to a radical free-market experiment
launched in 1975 under the military regime. The new economic program
assured full respect for private property, deregulation of the markets, and
tight political control of thedefeated left and of a militant working class very
active under Allende. The private sector responded forcefully to the new
program. The reduction in public investment apparently crowded-in
private investment becausea large partof the increase in public investment
in the period 1971-75 corresponded to enterprises that had just been
nationalized.

One of the puzzles in the strong response of private investment is that
it coincided with a period of very high real interest rates-over 25 percent
peryear in thesecond half of the 1970s. Ex-post, however,given the massive
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Figure 6.4 Public and private investment rates in Chile, Mexico,
and Bolivia
(unweighted average, percent of GDP)
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rescue operation the government undertook in 1982-83 with respect to the
internal and external debt the private sector had acquired, the private sector
ended up paying an effective real interest rate that was much lower.

In the 1980s private investment followed closely thecycles of economic
activity. It boomed in the early eighties, although its composition tilted
heavily toward the nontraded sectors-housing, structures, and commer-
cial buildings-following the real appreciation of the peso that developed
at the time. During the crisis of 1982-83, investment fell by more than 10
percentage points of GDP with respect to 1980-81. The subsequent recovery
was relatively forceful, and by 1989 private investment had reached its 1980
level. Given the strong performance of the export sector and the very large
real depreciation of the exchange rate after 1982 (on the order of 70 percent),
it seems that private investment shifted toward the traded goods sector in
contrast with the trend in the early 1980s.5

Investment in Mexico and Bolivia. Total investment in Mexico fell by
8 percentage points of GDP in the period 1982-89 compared with 1978-81.
However, the bulk of the cut involved public investment: the ratio of public
investment to GDP fell by nearly 5 percentage points in 1982-89 over 1978-
81. Nevertheless, it is important to recognize that the level of public
investment during the period 1978-81 had reached a high-and probably
unsustainable-level following the oil boom.' Private investment fell
moderately between 1982-85 and then, despite the high real interest rates,
started to recover, a shift that coincided with the implementation of the
main structural reforms.7

In Bolivia, investmentdeclined steadilyduring the 1980s. The firsthalf
of the decade was characterized by macroeconomic turbulence that ended
in the hyperinflation of 1984-85. Then, in August 1985 the government
introduced a sharp and successful program to stabilize inflation, which
went from the five-digit level of hyperinflation to an average of about 20
percent in the second half of the 1980s. The main problem Bolivia experi-
enced in its stabilization cum liberalization effort was a lack of per capita
growth and any significant response by private investment in the aftermath
of the stabilization (table 6-4).8

Lessons from the three experiences. What can be concluded about the
effects of adjustment and the implementation of the reforms on the perfor-
mance of private investment in these economies? The first point is that of
diversity. In Chile, private investment reacted forcefully to the reforms in
the mid-1970s and recovered relatively fast in the second half of the 1980s
after the restoration of macroeconomic stability and the government's
reassurance that it was committed to the reforrns. In Mexico, the response
of private investment to the reforms launched in the mid- to late 1980s was
moderate. In Bolivia, private investment remained stagnant, and so did
growth in the aftermath of the stabilization and reform.

Second, theexperienceof thesecountries in the 1980s shows clearly that
reforms may enhance private investment if they are accompanied by a
stable macro environment. Chile in the second half of the 1980s is a good
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Table 6.4 Public and private investment and macroeconomic indicators
(annual averages, percent)

A. Chile

Variable 1978-81 1982-84 1985-88 1989

Total investment 19.3 10.5 14.3 19.2
(percent of GDP), real

Public investment 5.3 4.8 6.2 4.7
(percent of GDP), real

Private investment 14.0 2.7 81 14.5
(percent of GDP), real

Real GDP growth 7.5 -2.9 5.3 9.9
(percent)

Inflation 36.0 18.1 23.6 12.6
(GDP deflator)

Current account balance -8.6 -8.1 -5.0 -3.6
(percent of GDP)

Foreign debt 46.2 88.2 113.9 72.3
(percent of GDP)

Real exchange rate 102.8 107.6 172.8 193.7
(1980=100)

B. Mexico

Variable 1978-81 1982-84 1985-88 1989

Total investment 24.3 17.2 15.4 17.2
(percent of GDP), real

Public investment 10.5 6.9 4.7 3.6
(percent of GDP), real

1Private investment 13.3 10.3 10.7 13.6
(percent of GDP), real

Real GDP growth 8.7 -0.4 0.5 2.9
(percent)

(continued)
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Table 6.4 (continuation)

Inflation 22.3 70.2 92.7 17.2
(GDP deflator)

Current account balance -4.7 0.8 0.1 2.8
(percent of GDP)

Foreign debt 30.8 55.0 66.3 43.9
(percent of GDP)

Real exchange rate 103.4 126.5 147.7 135.6
(1980=100)

C. Bolivia

Variable 1978-81 1982-84 1985-88 1989

Total investment 15.7 9.6 4.5 6.7
(percent of GDP), real

Public investment 9.4 4.9 2.5 2.4
(percent of GDP), real

Private investment 6.3 4.7 1.9 4.2
(percent of GDP), real

Real GDP growth 0.8 -3.7 0.4 2.8
(percent)

Inflation 24.1 561.7 2,938.8 14.5
(GDP deflator)

Current account balance -10.8 -5.5 -9.2 -5.9
(percent of GDP)

Foreign debt 93.0 133.6 147.1 97.4
(percent of GDP)

Real exchange rate 98.8 70.7 77.9 138.9
(1980 =100)

Source: Investment-elaboration based on Pfeffermann and Madarassy (1991); other vari-
ables-World Bank data.
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example of how fiscal balance, moderately positive real interest rates, and
competitive real exchange rates provide a suitable framework for private
investment to respond to the incentives generated by the structural reforms.9

To the contrary, in the case of Bolivia, where disinflation was consolidated
but the fiscal deficit was still high (near 5 percent in 1986-90) and the
economy highly dollarized (Morales 1991), the macroeconomic environ-
mentwas notentirely supportiveofa strong recoveryof privateinvestment.

A third point is that a favorable private investment response is associ-
ated with adequate external financing. All three countries experienced a
debt overhang, and they carried out a sizable resource transfer abroad.
From simple savings-investment identities it can be concluded that with-
outa corresponding increase in domestic savings, a high level of investment
can hardly be achieved. In addition, the foreign debt service acts like an
implicit tax on investment.

A fourth point, generally downplayed in the academic literature but
one that investors in the real world seem to pay a lot of attention to, is the
favorable "business climate" generated by the liberalization.'° In fact, the
privatization measures as well as other liberalizing policies adopted in
these countries reflected a renewed faith in free markets and private
initiative. The distinctive feature is that governments had come to perceive
these principles as the "new engine to growth."

Two non-adjuisting cases in Latin1 Amnerica: Argentina and Brazil

Brazil and Argentina stood out in Latin America in the eighties" as clearcut
examples of countries that were unable to stabilize their high inflation,
which in several cases slid into outright hyperinflation. Brazil managed to
grow at an impressive 7 percent a year between 1940 and 1980, and its
development strategy at the time was that of a dirigiste state, supported, in
the sixties and seventies, by foreign direct investment and abundant exter-
nal credits. Brazil used the external borrowing of the seventies largely to
finance its ambitious development plans, which required high rates of
investment to speed growth. In contrast, Argentina started to experience a
noticeable economic decline after the early seventies, a reflection of the
slowdown in growth and mounting economic and political instability.

The adverse external shocks of the early eighties and the onset of the
debt crisis hit Argentina and Brazil severely. Correction of the external and
fiscal imbalances took the form of an acceleration in inflation and slowdown
in growth. In contrast with Mexico and Bolivia (Chile had undertaken its
structural reforms in the mid-1970s), domestic authorities in Argentina and
Brazil did not seize the opportunity of the crisis to attempt comnprehensive
structural reforms in the public sector, the trade regime, or other areas. The
governments devoted the bulk of their energ-y to fighting inflation and
managing their large external debt.'2

It is not surprising to find that the investment record of countries such
as Argentina and Brazil was poor in the 1980s. However, there are some
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Table 6.5 Public and private investment and macroeconomic indicators
(annual averages, percent)

A. Argentina

Variable 1978-81 1982-84 1985-88 1989

Total investment 20.3 14.9 12.9 6.9
(percent of GDP), real

Public investment 8.0 6.0 5.3 3.2
(percent of CDP), real

Private investment 12.3 8.9 7.6 3.7
(percent of GDI'), real

Real GDP growth -0.3 -0.0 0.2 -3.1
(percent)

Inflation 128.9 396.6 319.6 3,449.9
(CDP deflator)

Current account balance -3.3 -3.7 -3.0 -2.4
(percent of GDP)

Foreign debt 45.4 70.0 69.8 76.3
(percent of GDP)

Real exchange rate 124.1 210.0 239.8 296.3
(1980= D00)

B. Brazil

Variable 1978-81 1982-84 1985-88 1989

Total investment 23.1 18.7 17.6 18.0
(percent of CDP), real

Public investment 8.9 7.0 5.8 n.a.
(percent of CDP), real

Private investment 14.2 11.7 11.8 n.a.
(percent of CDP), real

Real GDI' growth 3.7 0.8 4.8 5.3
(percent)

(continued)
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Table 6.5 (continuation)

Inflation 73.0 154.1 317.6 2,629.7
(GDP deflator)

Current account balance 4.5 -3.1 -0.8 2.2
(percent of GDP)

Foreign debt 28.5 43.5 39.7 23.2
(percent of GDP)

Real exchange rate 87.6 89.1 101.9 78.7
(1980=100)

n.a. Not available.
Source: Investment-elaboration based on Pfeffermann and Madarassy (1991); other van-
ables World Bank data.

differences in their experiences. As table 6-5 illustrates, investment rates
dropped far more in Argentina than in Brazil. In fact, total investment in
Argentina in the period 1985-89 was 8.6 percentage points of GDP lower
than in 1978-81; this drop in total investment decomposes into a reduction
in private investment of 5.5 percentage points of GDP and a cut in public
investment of 3.1 percentage points. Moreover, the decline in investment
persisted (on average) in the second half of the 1980s, in contrast to the
experience of other Latin American countries. In Brazil the drop in total
investment was less serious than that in Argentina-its share in GDP was
5.4 percentage points lower in 1985-89 than in 1978-81-while private
investment started to recover after 1984, although public investment was
still below its pre-crisis level.

Argentina provides almost a textbook (and dramatic) case study of
protracted economic instability acting as a powerful deterrent to private
investment. As figure 6-5 shows, the downward trend in private invest-
ment-as well as in public investment-had already started in Argentina in
the mid-seventies. Clearly, the preference for taking resources abroad
rather than investing them at home was at work before the debt crisis, and
to a large extent that factor was responsible for the absence of recovery
afterwards. On top of that lack of private investment, the data show a
decline in public investment in the 1980s, a phenomenon tied to the fiscal
crisis that Argentina was suffering. 3

Brazil experienced the same downward trend in public investment
starting in the early eighties. That reduction was part of the fiscal response
to the reduced external financing as well as to the enlarged burden posed by
the internal public debt.
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Figure 6.5 Public and private investment rates in Argentina and Brazil
(percent of GDP)
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Macroeconomic stability in Souitheast Asia: Koreai, Singapore, anid Thailand

In stark contrast to several of the Latin American countries, Korea, Singapore,
and Thailand have had remarkable records of macroeconomic stability
(table 6-6). In addition, they have had high-growth, outward-oriented but
not laissez-faire economies. Finally, the distribution of income has been
much more equitable in East Asia than in Latin America. 4

Since the mid-sixties Korea has been a high-growth country, strongly
oriented toward the expansion of manufacturing exports. The distribution of
income has been relatively egalitarian,5althoughat the political level authori-
tarian military regimes governed the country from the sixties until 1987.

The high rates of investment in Korea were guided by a series of five-
year economic plans. The government intervened actively to control,
amongother things, the allocation of credit to firms, with an overwhelming
focus on exports. The close link between government and business in tum
created large conglomerates and a high degreeof industrial concentration.1 6

The trade regime was far from liberal, with both tariffs and quantitative
restrictions in place, although in the eighties the government relaxed these
barriers. Exchange rate policy was oriented to maintaining the external
competitiveness of Korean exports, although some episodes of real appre-
ciation took place (forexample, in the late 1970s). Korea recovered quickly
from the impact of the debt crisis in 1979-82. In contrast with most highly
indebted countries,17 it was able to reduce its current account deficit after
1982 while restoring a high level of growth, maintaining a low level of
inflation, and avoiding fiscal imbalances.

The case of Singapore is unique. It is a city-state, with a high-growth
economy completely open to foreign trade and with (almost) unrestricted
capital mobility operating under a fixed exchange rate regime. Its per capita
income is comparable with that of low-income OECD countries, and the
distribution of income is considered to be relativelyeven. Singaporedid not
suffer a debt crisis in the eighties and has been running current account
surpluses since the mid-1980s in the contextof its high growth and very low
inflation.

Thailand borrowed in the late seventies and adjusted gradually after-
wards, taking advantage of its good record of creditworthiness (Corden
1990). In the eighties, it reduced the deficit on the current account within a
macroenvironmentof sustained growth, while maintaining inflation at low
levels and holding the fiscal budget in check. Thailand's performance is
certainly a case of successful handling of theadverse foreign shocks without
experiencing a macroeconomic crisis and domestic instability.

What about investment in these economies? Figure 6-6 illustrates tvo
main features. First, Korea and Singapore in particular were high-invest-
ment, high-growth economies. In the period 1978-88, Korea sustained an
average rate of investment near 30) percent of GDP and grew at an annual
average rate of 6.5 percent. Singapore invested, on average, around 40
percent of GDP over the same period and grew at an average annual rate of
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Table 6.6 Public and private investment and macroeconomic indicators
(annual averages, percent)

A. Korea

Variable 1978-81 1982-84 1985-88 1989

Total investment 32.6 32.1 30.8 31.5
(percent of GDP), real

Public investment 7.6 7.6 7.1 5.6
(percent of GDI'), real

Private investment 25.0 24.5 23.7 25.9
(percent of CDP), real

Real GDP growth 5.5 9.7 10.7 6.2
(percent)

Inflation 21.0 5.1 3.6 6.5
(GDP deflator)

Current account balance -5.9 -2.3 4.8 2.4
(percent of GDP)

Foreign debt 41.1 48.7 36.8 15.8
(percent of GDP)

Real exchange rate 97.7 96.5 115.9 98.6
(1980=100)

B. Singapore

Variable 1978-81 1982-84 1985-88 1989

Total investment 39.3 49.4 39.3 83.3
(percent of CDP), real

Public investment 10.1 15.6 13.6 6.9
(percent of GDP), real

Private investment 29.1 33.9 25.8 31.4
(percent of GDI'), real

Real GDP growth 9.3 7.8 5.2 8.8
(percent)

(continued)
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Table 6.6 (continuation)

Inflation 6.5 2.9 0.3 2.5
(GDP deflator)

Current account balance -9.4 -4.7 3.1 n.a.
(percent of GDP)

Foreign debt 12.7 9.4 11.6 n.a.
(percent of GDIP)

Real exchange rate 98.6 89.1 104.8 110.2
(1980=100)

C. Thailand

Variable 1978-81 7982-84 1985-88 1989

Total investment 25.9 25.0 23.6 25.6
(percent of GDP), real

Public investment 8.5 8.5 7.0 4.4
(percent of GDP), real

Private investment 17.5 16.5 16.7 21.2
(percent of GDP), real

Real GDP growth 6.6 6.1 6.8 9.9
(percent)

Inflation 9.9 2.4 3.8 6.0
(GDP deflator)

Current account balance -6.6 -5.1 -1.8 -3.6
(percent of GDP)

Foreign debt 25.5 35.2 42.5 24.0
(percent of GDP)

Real exchange rate 103.5 93.3 118.5 126.1
(1980= 100)

n-a. Not available.
Source: Investment-elaboration based on Pfeffermann and Madarassy (1991); other vari-

ables-World Bank data.
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Figure 6.6 Public and private investment rates in Korea, Singapore,
and Thailand
(percent of GDP)
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7.5 percent. Investment was not immune to the cycles of economic activity
experienced in these economies in the eighties, however, and the data show
some volatility in investment. A judgment on the relative efficiency of
capital in thesecountries requires some difficul t international comparisons,
although the implied incremental capital /output ratios (ICORs)do not look
particularly low (see chapter 8, "Investment and Macroeconomic Adjust-
ment: The Case of East Asia", this volume).

Second, the data show that in these countries private investment was
more important by far than public investment as a share of total investment
(table 6-6). In Korea, around three-fourths of total investment was private;
in Singapore and Thailand, the share of private investment in total capital
formation was around two-thirds. These countries offer interesting examples
of strong private sectors backed by active, growth-oriented governments.

An overall assessment

Some conclusions emerge from the diversity of experiences examined above:
- There are some clear differences in the level and composition of

investment between the Latin American and East Asian countries. During
the 1980s (and also earlier), rates of investment on the order of 30 percent of
GDP and more (for example, 40 percent on average in Singapore) were not
unusual in the East Asian countries."8 Their growth record was also
remarkable for the 1980s, with annual average rates on the order of 6.5-7.5
percent. In Latin America, historically the rates of investment were on the
order of 20-25 percent, supporting rates of GDP growth of 5.5-6.0 percent a
year. 9 In the 1980s, the average annual rate of growth of GDP decelerated
sharply to around 1.5 percent, and the rates of investment centered in the
range of 15-18 percent of GDP.20

* The analysis suggests that a high degree of macroeconomic stabil-
ity-defined as low and predictable inflation and external and internal
balances-is of paramount importance to ensuring a strong response by
private investment to economic incentives. The East Asian cases are good
examples. In contrast, in some Latin American countries there is evidence
that macroeconomic instability has been largely responsible for the poor
performance of private investment in the 1980s.

* The evidence from Chile, Mexico, and Bolivia on the effects of
structural reforms (trade liberalization, fiscal reform, and privatization) on
private investment is mixed. Chile experienced a rapid recovery of private
investment in both the late 1970s, following the inception of the reforms,
and in the late 1980s, a period when macroeconomic balance was restored,
the terms of trade turned favorable, and the government affirmed its
commitmentto the reforms. Mexicoalsosaw a revival of private investment
in the late 1980s in spite of high domestic real interest rates. Bolivia,
however, which had also adopted liberalization policies after eliminating
the hyperinflation of the mid-1980s, did not witness an upsurge in private
investment, and per-capita growth remained stagnant.
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Several Latin American countries (adjusting and non-adjusting)
experienced a decline in public investment during the 1980s. Chile was an
exception, although public investment also declined sharply in the 1970s
when the structural reforms were adopted. The implication is that public
investment tends to be squeezed in the process of balancing the fiscal and
extemal accounts.

Determinants of investment performance: An empirical investigation

The preceding discussion examined the overall investment record of develop-
ing countries and selected country experiences. An immediate question is to
what extent this performance can be explained by the external environment
and the economic polices these countries faced in the last decade.

Chapter 2, "Private Investment and Macroeconomic Adjustment: A
Survey," discussed at length, from the theoretical viewpoint, the determi-
nants of private investment. It identified two key sets of factors as affecting
investment performance: first, standard macroeconomic factors, such as
real outputgrowth and macroeconomic policies; and, second, the perceived

degree of uncertainty and credibility surrounding the macroeconomic
framework. On the firstgroup of variables, chapter 2 concluded thatoutput
growth typically has a strong effect on investment. In contrast, the level of
the real exchange rate was found to play an ambiguous role, as it affects
investment through several channels that operate in different directions
(adversely through the cost of imports of capital goods and its financial
repercussions, and positively through its impact on exports). Likewise,
public investment can crowd private investment in orout,dependingon the
extent to which it involves projects complementary to or substitutive for
private investment. Finally, chapter 2 also concluded that uncertainty
could have a very adverse effect on private investment.

What was the role of each of these factors in the observed investment
performance of developing countries? To investigate this question, a
simple investment equation was estimated using pooled cross-section-
time series data for a group of 15 developing countries. Based on the
discussion in chapter 2, it is postulated that real private investment is a
function of real growth in output, the real exchange rate, real public
investment, the foreign debt burden, and the degree of macroeconomic
uncertainty/instability' (inflation, volatility of inflation and the variabilitv
of the real exchange rate), as follows:

(6-1) 11'Y = F(AY, e, IG/Y, D/Y, ci)
where IP = real private investment

Y = real GDP
e = real exchange rate
IG = real public investment
D'IY = ratio of foreigin debt to GDP
Ca = appropriate measure of instability.
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According to the discussion in chapter 2, it is expected that the growth
of real output will exert a positive effect on the rate of private investment.
In turn, the effect of the real exchange rate is uncertain, since it affects
investment through several channels that operate in opposite directions, as
discussed in chapter 2. The sign of the coefficient of public investment
depends on whether public investment is primarily complementary to or
substitutive for private investment. Last, an increase in the degree of
economic instability or in the burden of foreign debt should reduce invest-
ment.21 Finally, a dummy variable is introduced into the regressions that
takes a value of one after 1982 to capture a possible shift in the empirical
equation as a result of the reduction in the availability of extemal financing
after the debt crisis.22

To estimate the investment equation, data for the years 1976-88 for 15
developing countries were used; hence, the sample consisted of 195 obser-
vations. The choice of countries and time period was dictated by the
availability and reliability of the data. The countries in the study were
Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Kenya, Korea,
Mexico, Peru, Singapore, Thailand, Turkey, Uruguay, and Zimbabwe.

Table 6.7 Macroeconomic and investment indicators

Real Total Private Public Real Infpat. R.E.R.a

Country GDP inrust. interst. invest. Debt exchange instab. instab.

group Period growth CDP GDP GDP GDP rate index index

All 1975-88 0.036 0.206 0.131 0.075 0.487 113.6 1.000 1.000

1975-81 0.044 0.226 0.144 0.082 0.344 104.6 0.406 0.897
1982-88 0.028 0.185 0.117 0.068 0.629 122.6 1.593 1.103

Latin America
1975-88 0.023 0.171 0.106 0.065 0.589 125.2 1.585 1.167
1975-81 0.037 0.200 0.123 0.077 0.409 113.1 0.585 1.040

1982-88 0.009 0.143 0.089 0.054 0.769 138.1 2.584 1.286

East Asia 1975-88 0.073 0.320 0.230 0.090 0.269 99.3 0.068 0.643

1975-81 0.073 0.312 0.228 0.084 0.232 93.8 0.101 0.754
1982-88 0.073 0.325 0.230 0.095 0.307 104.9 0.035 1.532

Africa 1975-88 0.036 0.184 0.104 0.080 0.414 98.8 0.091 1.234

1975-81 0.036 0.217 0.128 0.089 0.270 94.7 0.094 1.230

1982-88 0.036 0.154 0.081 0.073 0.558 102.9 1.089 1.226

Note: The.sample covers the years 1975-88 and includes Argentinla, Bolivia, Brazil, Chile,
Colombia, Costa Rica, Kenya, Korea, Mexico, Peru, Singapore, Thailand, Turkey, Uruguay,
and Zimbabwve.
a. R.E.R. = real exchange rate.
Source: World Bank data base and authors' calculabons.
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To measure uncertainty, c, the sample variability of some key
macroeconomic variables was used. In particular, the variabilities of the
real exchange rate and the inflation rate were considered. In each case,
uncertainty is summarized by the coefficient of variation of the relevant
variable over the last three years;23 however, using longer or shorter time
horizons did not significantly affect the estimated parameters.

The sample averages of the explanatory variables are summarized in
table6-7 forall thecountries in the sample and for some regional subsamples.
It should be emphasized that the regional groupings are "unbalanced," in
that the Latin American group consists of nine countries, while the East
Asian and African regions only include three and two countries, respec-
tively. Nevertheless, the information in the table reveals a number of
interesting differences across time periods and country groups.

For the overall sample, there was a decline in all the investment
indicators between the pre- and post-debt crisis years. The fall in total
investment exceeded 4 percentage points of GDP. When looked at region-
ally, however, the decline was concentrated in the Latin American and
African country groups, for which the fall was about 6 percent of GDP. In
contrast, the East Asia region actually showed a small increase in invest-
ment in the second half of the sample period-in addition to a consistently
higher rate of investment than theothergroups had in all periods. It can also
be seen that the rates of both private and public investment declined in the
Latin America and Africa country groups, while they both rose in East Asia.

On average, real GDP growth also declined after 1982. However, the
regional disaggregation again shows that the slowdown was concentrated
in the Latin American countries, with the other groups in the sample
showing no significant change in their growth pattern.

All country groups experienced an increase in their average debt ratios
between the pre- and post-1982 periods. The increase was, however, much
larger in the Latin American and African countries in the sample (it almost
doubled for both groups after the debt crisis) than it was in the East Asian
group. Similarly, the real exchange rate depreciated on average in all three
country groups, although the extent of the depreciation was much larger in
Latin America (in excess of 20 percent) than in the other two country groups
(around 10 percent).

The pattem of the indicators of instability over time and across regions
also deserves comment. The last two columns of table 6-7 show two interest-
ing facts. First, the East Asian country group was clearly "more stable" in
terms of either of the instability measures than were the other two regions.
Second, for the overall sample, after 1982 there was a spectacular increase
in the variability (and the level) of inflation, along with a more moderate rise
in the instability of the real exchange rate. However, the regional grouping
reveals that the increase in instability was concentrated in the Latin Ameri-
can countries, while the East Asian group actually showed an improvement
in terms of both indicators, and the African countries in the sample did not
register any significant change in macroeconomic instability.



170 Adijiistmient tiitd lutnestment PerfomanPce

Table 6.8 Estimation results, 1976-88
(dependent variable: log of the private investment/GDP ratio)

Variable Model I Mode 11

Real GDP growth" (lagged) 1.166 1.149
(3.50) (3.56)

Real public investmentb 0.160 0.147
as percentage of real GDII (2.55) (2.31)

Foreign debtb -0.230 -0.240
as percentage of GDI) (-3.50) (-3.56)

Real exchange rateb 0.1t)1
(0.98)

Infla tion instabilityc -0.006 ).0()8
index (-1.69) (-2.0)3)

R.E.R. instabilityc 0.043 )0.027
index (-1.92) (-1.61)

Post-1982 dummy -0.107 -0.095
(-3.09) (-2.89)

R2 0.974 0.978

Autocorrelation coefficient 0.40)0 0.402

SEE 0.068 0.068

Standard deviation of dep. variable 0.530 0.530

Number of observations 195 195

Note: t-statistics appear inL brackets. The regressionLs include 15 countrv dummies.
a. First differences of the log of real GDI'.
b. Expressed in logs.
c. Measured by the coefficient of variation.
Source: Authors' calculationIs.

The investment equation was estimated using the "fixed effects" panel
data specification (see, for example, Hsiao 1986). Since preliminary experi-
ments indicated the presence of modierate but significant first-order serial
correlation in the residuals, the two-stage estimation procedure proposed
by Bhargava, Franzini, and Narendranathan (1982) was used. The second
round estimates do not show any symptoms of auto-correlation. Finally,
both linear and logarithmic specifications were tested; the latter were
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adopted in view of their superior performance in terms of explanatory
power and overall significance.

The empirical estimates appear in table 6-8. Since the level of the real
exchange rate always failed to be statistically significant at any reasonable
level of confidence, both the specifications with and without itare reported.
As can be seen from the table, deleting the real exchange rate has only a
negligible effect on the remaining coefficients.

Overall, the results for eitherspecification arequitegood: the parameter
estimates carry their theoretically correct signs, and the explana tory power
of the equations is extremely high.

As in most empirical studies, it was found here that (lagged) growth in
real output had a strong positive impact on private investment. Public
investment also had a positive effect on private investment. In short, the
complementarity relationships between both investment categories domi-
nated the sample. As expected, the foreign debt burden had a strong
negative effect on the private investment ratio; as argued, this result may
reflect a combination of the increased macroeconomic uncertainty arising
from the need to carry out an increased resource transfer abroad and the
effectsofcreditrationingon theworld capital markets. Incontrast,theeffect
of the real exchange rate reported in the first column of table 6-8 is not
significant;2 ' this result is in accordance with the theoretical discussion in
which several channels were identified through which the real exchange
rate may affect investment in opposite directions.25

The two measures of instability carry a negative sign, as expected.
Although their individual significance is not always above the 5 percent
level, taken together they are strongly significant: for example, using model
II, the null hypothesis that they are jointly insignificant can be rejected (the
computed value of the chi-square statistic with two degrees of freedom is
6.70, well above the 5 percent limit of 5.99). This result is probably
attributable to the fact that both variables contain some common informa-
tion (for example, greater variability in inflation will often be reflected in
greater variability in the real exchange rate).

Finally, the post-1982 dummy is negativeand strongly significant, clear
evidence of a downward shift in investment as a result of the worsened
intemational environment and the reduction in external financing after the
debt crisis.

Since the parameter estimates in table 6-8 correspond to a logarithmic
specification of the determinants of the ratio of private investment to GDP,
it may be useful to restate them in a manner that provides a more direct
measure of the impact of the different variables on the investment ratio.
Table6-9 provides that information: itdetails the impacton theshareof private
investment in GDP of a 1 percentage point increase in each of the right-hand
side variables, using the second specification in the previous table.21

According to the figures in the table, the largest effectcorresponds to the
public investment ratio: an increase in the ratio of public investment to GDP
of I percentage point raises the private investment ratio by over one-fourth)



172 Adjustent acnd Investment 'euforrmance

Table 6.9 Determinants of real private investment
(percentage of GDP)

Effect on tlte private investtmen t/GDP Percentage
ratio of a 1 7xrcen tage point increase in poin ts

Public investment/CDP 0.257

Foreign debt/GDP -0.065

Real GDP growth 0.151

Inflation instability -0.001

Real exchange rate instability 0.003

Note: The figures were obtained using the "all countries" sample mean of each variable
(presented in Table 6.7).
Source: Authors' calculations based on tables 6.7 and 6.8.

Table 6.10 Contribution of explanatory variables to the change in private
investment, 1982-88 vs. 1975-81

All countries Latin A nericaa East Asiab Africac

Change in private
investment -2.7 -3.4 0.5 -4.7
(percent of GDP)

Explained by changes in:
Foreign debt/GDP -1.8 -2.3 -0.5 -1.9
GDP growth rate -0.2 -0.4 0.0 0.0
Public investment/GDP -0.4 -0.6 0.3 -0.4
Instability -0.2 -0.3 0.1 0.0
Post-1982 dummy -1.2 -1.2 -1.2 -1.2
Explained change -3.8 -4.8 -1.3 -3.5
Residuald 1.1 1.4 1.8 -1.2

a. The countries are Argenitina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Mexico, Peru, and
Uruguay.
b. The East Asia group includes Korea, Singapore, and Thailand.
c. The Africa group includes Kenya and Zimbabwe.
d. Residual = actual change mnius explained change.
Source: Authors' calculations based on tables 6.7 and 6.8.
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of a point. Similarly, a I percentage point increase in the growth rate of real
GDP increases the investment ratio by 0.15 percentage points; in turn, an
increase in foreign debt of 1 percentage pointof GDP reduces investment by
about 0.07 percentage point of GDP. Finally, a 1 percent increase in the
instability of inflation and the real exchange rate results in declines in the
investment ratio of 0.001 and 0.003 percentage points, respectively.

An important practical question that follows from the empirical results
is: what has been the relative contribution of each of the explanatory
variables to the actual variation of investment in developing countries in
recent years? Identifying the variables that have made the greatest contri-
butions is a task of more than scholarly interest: if some of the variables can
be affected in a systematic manner by economic policy, then the exercise
may provide guidance as to what the main policy priorifies should be to
revive private investment.

Table 6-10 presents the contribution of each of the determinants of
investment to the observed evolution of the ratio of private investment to
GDP between the pre- and post-debt crisis periods.27 The calculations for
the overall sample of countries and for the three regional groupings defined
above are both reported.

For all country groups, the estimated equation predicts a fall in the
investment share between both subperiods. For the overall sample, all
variables contribute to the adverse investment performance. However, the
largest contribution corresponds to the debt burden, which is responsible
for a decline in the share of private investment in GDP of almost 2
percentage points; moreover, this variable contributes about half of the
explained change for all country groups. Similarly, the post-crisis dummy
also has a large impact: it explains a reduction in the investment share of
more than 1 percentage point.

In turn, the evolution of public investment played a significant role: its
reduction contributed to a deterioration in the private investment ratio of
about 0.5 percentage point in both the overall sample and the Latin Ameri-
can and African country groups; however, its increase in the East Asian
countries helped raise their private investment ratio by about 0.3 percentage
point of GDP.

According to table 6-7, real GDP growth in the samplecountries slowed
only in the Latin American countries, while it was practically unchanged in
the rest. Hence, in table 6-10 its contribution to the decline in investment is
only 0.2 percentage points in the overall sample. However, in the case of the
Latin America region, the deterioration in growth contributes a fall of 0.4
percentage points in the investment ratio.

Finally, the change in macroeconomic uncertainty, which combines the
two instability measures, also contributed to the change in the private
investment ratio. Its pattern differed widely across regions: it led to a 0.3
percentage point decline in investment in Latin America but to a 0.1 percent
increase in East Asia; in the African countrygroup, its contribution was nil.
It should be remembered, however, that these figures probably represent a
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lower bound for the effects of instability, since a significant portion of the
adverse contribution of the external debt burden to the investment perfor-
mance reported above is likely to be related to the macroeconomic uncer-
tainty associated with servicing the foreign debt.

To conclude, it should be emphasized that these computed contribu-
tions of the different explanatory variables to the observed investment
performance should be viewed with some caution. Interpreting the contri -
butions in terms of "causality" may be misleading, as in general the
different variables are not mutually independent. For example, in a context
of extemal credit rationing, an increased foreign debt burden is likely (or
almost certain) to be associated with reduced public investment; in this
sense, the adverse effect of the extemal debt burden on private investment
would be understated by simple calculations such as the ones reported
above-which consider only the diirecteffect of each variableon investment.

Concliusions and policy implications

This chapter investigated the macroeconomic determinants of the recent
investment performance of developing countries, drawing on the experi-
ence of selected countries and on an econometric analysis of a sample of
developing countries.

The comparison of the experience of several Latin American and East
Asiancountries suggests some lessons regarding theperformanceof invest-
ment following adjustment and reform. First, the investment and growth
performance of the Latin American and East Asian countries in the 1980s
differed markedly. In the latter, the adjustment to the extemal shocks was
relatively mild, and after an initial decline in investmentand growth, both
returned to pre-shock levels fairly rapidly. In contrast, in several Latin
American economies the adverse external shocks of the early 1980s and the
debt crisis led to a protracted period of macroeconomic instability, with
large drops in investment and growth. Moreover, recovering a path of
sustained growth has proved slow and complicated. The maintenance of
macroeconomic stability and predictable policy, in addition to a more rapid
resumption of foreign financing in East Asia relative to Latin America, to a
large extentexplain thedifferences in the performance of investment in both
regions.

Second, the evidence from Chile, Mexico, and Bolivia on the effects of
structural reforms (trade liberalization, fiscal reform, and privatization) on
private investment is mixed. In the late 1970s and 1980s in Chile and in the
late 1980s in Mexico, the response of private investment to the reforms was
considerable. However, Bolivia, which adopted liberalization policies after
eliminating the hyperinflation of the mid-1980s, did not see an upsurge in
private investment, and per-capita growth remained stagnant.

Third, the decline in public investment is a disturbing factor in the
investment response to adjustment and reform. That trend was observed
in Chile in the mid- to late 1970s and in Mexico in the late 1980s. In addition,
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this feature was also present in non-adjusting economies such as Argentina
and Brazil in the 1980s. While in some instances the cut in public investment
was unavoidable (because it had reached unsustainable levels, as, for
example, in Mexico in the late 1970s), in others the across-the-board contrac-
tion in the accumulation of public capital probably affected many projects
that were complementary with private investment.

The determinants of private investmen t were analyzed econometrically
using panel data for 15 developing countries. Overall, the specification
presented here had a high explanatory power, accounting for more than 90
percent of the observed variation in the ratio of private investment to GDP.
The results indicate that, in the sample, growth in output and public
investment had a significantly positive impact on private investment. In
contrast, the foreign debt burden, macroeconomic instability (measured by
the variability of both inflation and the real exchange rate), and the deterio-
ration in theextemal environment after 1982 exerted a significantly adverse
effect on private investment. Finally, the effect of the real exchange rate was
found to be insignificant.

Given the econometric estimates, the contributions of the different
explanatory variables to the decline in the average ratio of private invest-
ment to GDP after 1982 were analyzed. All the variables contributed to
someextent to the fall in investment, but theexternaldebt burden and credit
rationing may have played relatively the largest roles in the slowdown in
investment. However, the contributions of the different variables differed
widely across the regions represented in the sample; for example, increased
macroeconomic instability and red uced public investment helped push the
private investment ratio in Latin America down, while reduced instability
and higher public investment had the opposite effect in East Asia. These
regional patterns are in broad agreement with the conclusions derived from
the country experiences reviewed above.

This analysis has some important implications for thedesignof growth-
enhancing macroeconomic adjustment programs. First, macroeconomic
stability and policy credibility are key ingredients for the achievement of a
strong investment response. In a context of high macroeconomic uncer-
tainty, the reaction of investment to changes in incentives is likely to be very
limited. The same will happen if the policy measures are perceived to be
inconsistent or temporary. In such circumstances, investors will prefer to
waitand see beforecommitting resources to irreversible fixed investments.

Second, even if the policy changes are perceived as permanent, insuf-
ficient public investment (particularly in infrastructure) in projects comple-
mentary with private investment may hamper the recovery of the latter.
The protection of well-targeted public investment projects in infrastructure
during the course of macroeconomic and, particularly, fiscal adjustment
can play an important role in stimulating the private sector's response to
adjustment measures.

Third, the availability of sufficient external resources may be a key
ingredient for the recovery of private investment, not only because it
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contributes directly to an easing of the financing constraints on investment,
but also because it may raise the private sector's confidence in the viability
of the adjustment effort. In particular, the empirical findings suggest that
debt relief measures could go a long way toward helping revive investment
by liberating investible resources currently committed to service the debt
burden, and also by reducing the disincentive effects on investment caused
by the debt overhang.

Notes

1. The authors appreciate the comments by Bela Balassa, Max Corden,
Stanley Fischer, Felipe Larrain, and Dani Rodrik on an earlier version
of this chapter. Raimundo Soto provided efficient research assistance.

2. The breakdown of investment into private and public components
draws on Pfeffermann and Madarassy (1991). Private investment was
obtained from thenational accountsdata as thedifferencebetween total
investment and investment by the consolidated public sector.

3. Mexico used incomes policy for stabilization purposes after late 1987;
Chile and Bolivia used some form of exchange rate stabilization and/
or wage controls to help disinflation at different times during stabiliza-
tion. For the Chilean experience with stabilization in the last two
decades, see Corbo and Solimano (1991). Bolivia's experience with
stabilization and reform is described in Morales (1991).

4. The crisis of 1982-83 placed some of Chile's policies under heavy stress.
Some reversals took place, such as increases in tariffs and direct
government intervention in the financial system. However, as the crisis
receded, the government lowered tariffs again and gradually deregu-
lated the financial system.

5. An econometric analysis of the behavior of private investment in Chile
in the 1980s appears in Solimano (1989).

6. The share of public investment in GDP in Mexico rose from 7.7 percent
in the period 1971-77 to 10.5 percent in 1978-81.

7. See Ortiz (1990) for a discussion of the Mexican case and the behavior
of private investment in the late 1980s.

8. See Morales (1991) for a discussion of the Bolivian plan.
9. The development plans of the latesixties in forestry and agro-industrial

activities, and the new land-property structure following the agrarian
reform, also were elements in the strong export responseof agricultural
goods in Chile in the mid- to late-1980s.

10. Keynes (1936, chapter 12), referred to it as "...the state of confidence...a
matter to which practical men always pay the closest and most anxious
attention. But economists have not analyzed it carefully...."

11. Peru and Nicaragua areothercases of extreme macroeconomic instabil-
ity in Latin America in the 1980s.

12. Argentina was the pioneer with heterodox stabilization, launching the
Austral plan in mid-1985; Brazil followed with the Cruzado plan in
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early 1986. After some initial success, those plans were undercut by a
resumption of inflation and the repeated use of price controls and
emergency fiscal measures to curb (transitorily) the escalating inflation.
Thesituation in botheconomies worsened in 1989 as the rateof inflation
approached hyperinflationary levels in the context of domestic reces-
sion and political disarray. See Heymann (1991), Kiguel and Liviatan
(1991), Cardoso (1991), and Solimano (1989) on the experience of these
two countries and other countries with stabilization.

13. It is well-known that the quality of public services has deteriorated
sharply in Argentina in recent years. No doubt this situation is related
to the inability of the state to improve the collection of the fiscal
revenues from the tax system.

14. See chapter 8, "Investment and Macroeconomic Adjustment: The Case
of East Asia, " in this vol ume for some comparative figures on interna-
tional patterns of income distribution in East Asia, Latin America, and
the countries in the Organization for Economic Co-operation and
Development (OECD).

15. The aragrian reform is credited with being an important factor in the
relatively even distribution of income in Korea (Collins and Park).

16. See Collins and Park (1989) for good description of the Korean case.
17. Chile is perhaps an exception in this respect.
18. In terms of composition of total investment, private investment was

overwhelmingly dominant, representing between two-thirds and three-
quarters of total capital accumulation in these East Asian economies.

19. Theaverageannual rateofgrowth of GDP in 19 Latin American countries
for the period 1950-80 was 5.8 percent, with output measured in terms
of adjusting purchasing power. Per capita GDP grew in the same
period at an annual rate of 3 percent. See Cardoso and Fishlow (1992).

20. This range is an unweighted average for Argentina, Bolivia, Brazil,
Chile, and Mexico for the period 1978-88.

21. It is important to emphasize that, as discussed, the ratio of debt to GDP
may affect investment negatively through more than one channel, as
it constitutes a summary measure of anticipated taxation, external
liquidity problems, and the macroeconomic uncertainty associated
with servicing the foreign debt.

22. Theempirical equation does not include the real interest rate among the
explanatory variables. Experiments by authors with alternative mea-
sures of the ex-ante rate of interest proved unsuccessful. The usual
difficulties in measuring such a variable are likely to be compounded
here by the wide differences in financial market arrangements across
the countries in the sample and across time periods. Thus, a decision
was made to exclude the interest rate from the final specification.

23. The measure thus obtained rescaled so that its sample mean equaled 1.
24. This result was not altered in other specifications that allowed for one-

or two year lags in the effect of the real exchange rate .
25. Time-series studies of private investment tell a somewhat different
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story. In Solimano(1989), which examines the case of Chile, a real
appreciation of the exchange rate raises(aggregate) private investment,
but the outburst of investment is unsustainable: conversely, a real
depreciation reduces investment in the short term. Musalem(1989) also
finds a significant negative effect of depreciation on investment for
Mexico. For further discussion of this issue, see Fischer (1991).

26. Thus, the calculations in table 7-9 involve a linearization of the logarith-
mic equation around the sample means of the variables.

27. The figures in table 7-10 follow directly from tables 7-7 and 7-9. Because
foreach subperiod and/or region the residuaIs need notadd up to zero,
and because table 7-9 is based on a linear approximation, there is in
general a discrepancy between the observed and actual changes in the
ratio of investment to GDP. This discrepancy is the figure reported at
the bottom of table 7-10.
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7

Macroeconomic Environment
and Capital Formation in Latin America

Eliana CGrdoso

This chapter discusses the macroeconomic climate affecting investment in
Latin America and explores the relationships between investment and
growth, exchange rates, and the terms of trade.'

The next section summarizes the macroeconomic background of Latin
America and discusses the contrasting experiences of Argentina, Brazil,
Chile, and Mexico. Real per capita gross domestic product (GDP) in Latin
America more than doubled between 1950 and 1980. By 1989, however, per
capita GDP had fallen below its 1980 level in all the countries of Latin
America except Brazil, Chile, Colombia, and the Dominican Republic.

GDP depends on the quantity and quality of investment. Figure 7-1
shows the shares of investment in GDP in different developing regions. The
economies of East Asia have been investing some 30 percent of GDP each
year during the 1970s, a proportion that held roughly constant through the
1980s. In contrast, the shareof investment in GDP in Latin America has been
well below the levels in East Asia: it was 24 percent at the end of the 1970s
and fell to a debt-stricken plateau of roughly 17 percent in the mid -1980s. In
1989 the region still suffered a deep crisis, aIthough, between 1987 and 1989,
Latin America's investment increased to more than20percentofGDP, even
with continuing capital flight.

Part of Latin America's plight has undoubtedly originated from the
unfavorable external environment in which private loans were suspended
and the terms of trade worsened. Although these factors have been
important, they do not provide a complete picture of what went wrong
there during the 1980s. Many of the problems derive from errors in
domestic policy. 2 Since 1982 Latin American countries have faced the choice
between adjustment or accommodation. Chile and Mexico chose adjust-
ment, suffered a large recession, and reformed their economies. After 1984,
Chile recovered quickly because of an aggressive policy of depreciation of
the real exchange rate and revival of both public and private investment.

181
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Figure 7.1 Gross domestic investment in developing countries, 1980-89
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Mexico's recovery is still in progress. Argentina and Brazil, in contrast,
choseaccommodation. Byl990thelackofadjustmentinbothcountrieshad
resulted in inflation and recession. The effects of the financial instability on
investment were clearly visible in Argentina but were much less apparent
in Brazil.

After the 1982 debt shock, the real exchange rate in Brazil depreciated
only slightly compared with the preceding period, and the share of invest-
ment in GDP fell much less than it did in Argentina, Chile, Mexico, and
Venezuela, where the real depreciation was large (table 7-1). Serv&n and
Solimano (1990) surveyed empirical studies that showed the adverse im-
pact of real depreciation on investment (appendix 7-1 reports on other
empirical studies of investment). This chapter shows that,once the relevant
variables (for instance, the terms of trade) are taken into account, the effect
of a real depreciation on investment is not significant.

The third section looks at the theoretical issue of the relationship
between the real exchange rate and the real price of capital. A model of a
small open economy with a crawling peg is used to discuss the dynamics of
both the real price of capital and the real exchange rate in response to a
deterioration in the terms of trade. With a nominal exchange rate rule fixed
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Table 7.1 Real depreciation and changes in real investment shares,
selected countries, 1982-88 relative to 1980-81
(percent)

Chang'e in C/wange in
effictixe real exclhanige ratesa investntent share in GDP

Argentina -39.3 -29.5
Brazil -8.4 -14.0
Chile -22.2 -36.6
Colombia -13.3 -2.6
Mexico -26.5 -24.9
Venezuela -4.4 -23.2

a. Morgan Guaranty defines the real exchange rate as domestic prices divided by foreign
prices. A minus sign thus indicates a depreciation.
Source: Morgan Guaranty and World Bank.

Table 7.2 Share of gross domestic output in regional output and growth
rates of Latin American countries

Growth rate of
Share in total per capita GDP
GDP, 1980 (perceit per year)

Coutnltries (percent) 1950-80 1g81- 8ga

Brazil 34.2 4.2 0.0
Mexico 23.1 3.0 -1.0
Argentina 11.8 1.8 -2.6
Colombia 6.3 2.3 1.5
Venezuela 7.1 1.5 -2.8
Peru 3.9 2.1 -2.7
Chile 3.4 1.8 1.1
Uruguay 1.2 1.4 -0.8
Ecuador 1.6 3.1 -0.1
Guatemala 1.2 1.8 -2.0
Dominican Republic 1.1 2.6 0.2
Bolivia 0.8 1.3 -2.9
El Salvador 0.5 1.3 -1.9
Paraguay 0.7 2.4 0.0
Costa Rica 0.6 3.3 -0.7
Panama 0.5 2.9 -1.9
Nicaragua 0.4 2.3 -3.7
Honduras 0.4 1.4 -1.3
Haiti 0.2 0.7 -2.1

Latin Americab 2.7 -0.8

Note: Countries are in orderof theiraverageshare in regional GDP between 1950and 1985.
a. Preliminary.
b. Except Cuba.
Sources: Summers and Heston (1984); and ECLAC.
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by the central bank, a deterioraton in the terms of trade leads to an
immediate decline in the real price of capital, followed bya depreciafing real
exchange rate while the real price of capital slowly recovers.

The fourth section further explores the role of the terms of trade in
determining investment. 3

The determinants of investment in Latin America are the focus of the
fifth section. The regressions use quadrennial panel data for the period
1970-85 in Argentina, Brazil, Chile, Colombia, Mexico, and Venezuela.
Together, these six countries accounted for 86 percent of total GDP in the
region in 1980 (table 7-2). The decline in the shares of private investment in
Latin America during the 1980s seems to have resulted from the deteriora-
tion in the terms of trade, decline in growth (the result of adjustment
programs designed to reduce currentaccountdeficits), reduction in comple-
mentary public investment, increased macroeconomic instability, and large
stock of foreign debt. The real exchange rateand the real rateof depreciation
had no significant role in determining private investment in the regressions
presented here.

Four appendices present more detailed information on some empirical
studies of investment in Latin America (appendix 7-1), the price of capital
and the real exchange rate (appendix 7-2), the data used in the regressions
presented in this chapter (appendix 7-3), and investment shares in GDP
(appendix 7-4).

Macroeconomic background

Between 1950 and 1980 real per capita GDP in Latin America grew at 2.7
percent a year because of the expanding world economy, strong demand for
primary products, and rapid capital accumulation in the industrial sector.
As a result of its stellar performance, Brazil increased its share of regional
GDP from less than 25 percent to more than 33 percent. Not all Latin
American countries did as well as Brazil and Mexico, however. The
Southern Cone countries of Argentina, Chile, and Uruguay experienced
subpar performance thateroded the positions they held in 1950. A number
of smaller countries also lagged, including several in Central America. In
most countries, however, the growth rate of employment exceeded that of
the workingage population, with a marked transformation in the structure
of production. Latin America evolved from a rural to a predominantly
urban society, experiencing dramatc changes in occupational and social
mobility.

The impressive growth from 1950 to 1980 in Latin America seems less
positive when two factors are considered. The first is the overall dramatic
economic reversal in the 1980s (table 7-2). The second is the surging
performance of the Asian countries. The contrast between the performance
of the two regions is now widely interpreted as proving the errors of the
import-substitution strategy favored by Latin America in most of the post-
War period.
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Economic policies and growth before the 1980s

During the 1950s most Latin American countries moved toward an import-
substitution strategy. Policymakers saw it as the pragmatic response to the
problems following the Great Depression of the 1930s and the disruption of
the Second World War. Later, structuralists, reformists, and develop-
mentalists conceived economic models that justified the import-substitu-
tion strategy, pointing to the inadequacy of market mechanisms alone to
achieve industrialization. They built their arguments on two pillars: the
foreign exchange constraint as an important determinant of growth; and
market imperfections. Theseconditions supported a strong presencebythe
state.

While this model madesense, itwas far from perfect. Itdownplayed the
role of the market and did not address three issues:

* Protection led to overvalued exchange rates and hence to an eventual
reduction in the supply of exports. Industrialization in turn required
increased inputs of capital goods and intermediate imports.

* In sectoral terms, import-substitution policies excessively promoted
industrial growth at the expense of agriculture. Moreover, relatively
capital-intensive manufactures absorbed only a fraction of the increase in
the labor force, a situation that put pressure on the government to serve as
the employer of last resort.

* Finally, as the resources taxed away from primary exports failed to
increase, subsidies for industrial investment and growing government
responsibilities put new pressure on the budget. Monetization of the deficit
led to persistent inflation.

In the 1960s some countries recognized the limits of the import-substi-
tution strategy and modified their commercial policy. Exchange rate
systems with crawling pegs accommodated high rates of domestic inflation
and averted the overvaluation so predominant in earlier periods. Explicit
concern for the promotion of nontraditional exports produced special
programs of export subsidies in many countries after 1965. This period of
adaptation and relatively successful adjustment of the earlier model came
to an end in 1973 when the rise in oil prices created international
disequilibrium. Mounting indebtedness and deteriorating domestic policy
in the more difficult external environment characterized the economic
shock that followed the rise in oil prices. To reduce inflation, the Southern
Cone countries resorted to international monetarism that led to a substan-
tial increase in external liabilities. Mexico and Venezuela, confidentthat the
value of their national oil reserves would increase, vastly expanded their
borrowing. Brazil tried to sustain its pace of industrial expansion as its debt
service payments were growing largerand domestic pressures were mount-
ing. For the region as a whole, growth in output slowed in the 1970s but
remained at satisfactory levels.

Cardoso and Fishlow (1992) provide a synthetic view of the period
1950-80. Their regression analysis used quinquennial panel data for 18
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Latin American countries. A key finding was that growth in Latin America
required more than an increase in capital formation. It also varied system-
atically with trade performance. Both the expansion of exports and the rate
of growth of imports mattered. Exports were significant not only for their
contribution to productive efficiency, but also because higher export earn-
ings could avert recurrent crises with stabilization and their adverse effects
on the growth of output. More novel is the finding that the availability of
imports exerted an independent influence. Import substitution, success-
fully pursued, required imported inputs. Countries suffered when forced
to curtail their foreign purchases excessively. This access to imports, both
through export earnings and foreign finance, differentiated the successes
from the failures. On this issue Brazil and Mexico diverged from the
countries of the Southern Cone.

The 1980s: External shocks and1( inflation

Even in Brazi I and Mexico, the prospects for accelerating progress dimmed
in the early 1980s. The precariousness of the Latin American economies
became fully apparent when a new oil price rise, an abrupt increase in real
interest rates, and a recession in the countries of the Organisation for
Economic Co-operation and Development (OECD) coincided in the early
1980s. Countries in Latin America chose their adjustment style poorly after
1973. In addition to the original import-substitution bias of the 1950s, they
suffered from an asymmetric opening to the world economy that featured
vast financial flows with limited trade penetration. At the same time, fiscal
distortions reduced the room for maneuver. To foster continued growth in
the late 1970s, governments incurred deficits that in the 1980s they could no
longer finance abroad. Starting in 1982, the supply of capital dried up.
Interest payments on the debt became an enormous drain on export
earnings and savings.

Table 7-3 shows that investmenit in the period 1983-88 fell on average by
6.8 percent of GDP coimpared with the period 1970-82, almost exactly equal
to the increase in the surplus in the non-interest current account. While
investment ratios droppedi immediately in 1983 to accommodate the switch

Table 7.3 Investment and the non-interest current account in Latin
America, 1960-88
(percent of GDP)

Years Inz'estnie,i t Non-interest cuirrent account

1960-69 18.6 5.3
1970-82 23.2 -0.4
1983-88 16.4 6.1

Source: Inter-American Develd pfnent Bank (1989).
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in net international transfers, they stabilized thereafter on a modest upward
trend (figure 7-1).

Relative to the 1970s, while income growth and investment declined,
real wages fell and inflation accelerated. Recentanalyses of the inflation can
be divided into a "fiscal" view and a "balance-of-payments" view (Montiel
1989). Followers of the fiscal view point to movements in the budget deficit
as the fundamental source of monetary emission that pushes the economy
to higher rates of inflation. Supporters of the balance-of-payments view
link inflation to depreciation of the exchange rate triggered by balance-of-
payments crises.

Consider, for example, a country that has a large external debt and is
suddenly deprived of inflows of foreign capital. The government has to
financedomestically the purchaseof the foreign exchange needed to service
theextemal debt. Intheabsenceofacutintheprimarybudgetdeficit,itwill
create more credit. At the same time it also undertakes devaluations of the
exchange rate to balance the external payments. Devaluations increase the
debt service when measured in domestic currency and thus increase the
budgetdeficitwhen measured in thatcurrency. Thissituationin turn raises
the amount of money that needs to be created and hence inflation. Under
these circumstances, to avoid an acceleration in inflation the government
needs to create a primary surplus large enough to counterbalance the
financial impact of the debt shock. Mexico and Chile moved in this
direction, and their answer to forced debt service has been to increase taxes
and reduce expenditures. The response in Argentina and Brazil, however,
has been to finance the purchase of foreign exchange by issuing debt or
printing money. Figure 7-2 shows the results of these contrasting policies

Figure 7.2 Adjustment and accommodation in the 1980s
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in 1989. Chile appears as the success story of adjustment while Argentina
is the basket case. Brazil and Mexico are less clearcut cases.

The experience with accommodation: Argentina and Brazil

The rapid acceleration of inflation in Argentina and Brazil after 1987 cannot
be directly attributed to thedebt crisis. Atdifferent times theirgovemments
have run imposed moratoria on the external debt service and have allowed
the real exchange rate to appreciate (figures 7-3 and 7-4). In both countries
the acceleration in inflation resulted from the lack of domestic adjustment
and the consequent flight from money. Here the similarities between the
two countries end, however. Slow growth and reduced investment were
not new for Argentina. In contrast, the financial instability in Brazil did not
affect the country's performance until 1990, except for a short period
between 1981 and 1983.

Two facts are worth emphasizing. First, to judge from its faster rate of
growth in real per capita GDP since the 1920s, Brazil appears to have been

Figure 7.3 Brazil: The real exchange rate
(1980-82=100)
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more dynamic than Argentina. Between 1920 and 1988 the average rate of
per capita growth in GDP in Brazi I was 3.4 percent, compared with 1 percent
in Argentina. Second, the Argentinean GDP figures show much greater
instability than do Brazil's (Cardoso 1990). Between 1920 and 1988 the
coefficient of variation of the growth rate of per capita GDP in Argentina
was 4.5, whereas in Brazil it was 1.3. The extreme oscillations of Argentina's
real exchange rate, whose extraordinary swings reflect economic policy
mistakes, further illustrate the instability of its economy. The outstanding
episode is the appreciation of 1979-81, which was followed by the collapse
of the peso. In contrast, in Brazil until recently a pragmatic exchange rate
policy prevented any comparable episodes.4

Recurrent patterns of inflation and stabilizationi in Argentina reflect a
tensestrugglebetween the interestsof differentgroups,eachwith sufficient
political resources to defend its share of national income. Labor leaders
struggle with author-ities over macro policies as fiercely as they bargain at
the plant level. Tnis conflict is unavoidable because wages are greatly
affected by government intervention in the economy and bv the successive

Figure 7.4 Argentina: The real exchange rate
(1980-82= 100)

140

130-

120-

100

x 90

80

70-

60-

50-

40-

30 

20- 1 1 1 1 I 1 

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990
Years

Note: Morgan Guaranty defines the effective real exchange rate as domestic prices
divided by foreign prices A movement upwards indicates a real appreciation.

Source: Morgan Guaranty.



190 Adjustmtet atml lnvestment Performance

anti-inflation stabilization programs. Each change of regime brings about
major shifts in policy. Among industrialist and agro-exporting sectors the
uncertainty about the future compresses time horizons and diverts re-
sources from production to short-term speculative activities.

When a military coup overthrew the Peronist regime in 1976, Argentina
was on the verge of hyperinflation. The first priority of the new regime was
to stabilize inflation. Because inflation failed to decline below the 150
percent range, pol icyma kers opted for an "expectations-mnanaged approach."
Beginning in 1979 they fixed the rate of depreciation of the exchange rate in
advance using a tablita, which set forth gradually declining rates of depre-
ciation.5 Inflation gradually fell below 100 percent, but since that level
continually exceeded the rate of depreciation, the real exchange rate appre-
ciated. By 1980 overvaluation and colossal capital flight forced a large
devaluation. Over the next few years depreciation and inflation became
rampant. The budget deficit increased with the growing external interest
payments at the same time that the deterioration in the terms of trade and
the Malvinas war only amplified the devastation of the economy. The rate
of inflation reached 600 percent by the time President Raul Alfonsin came
to power in 1983. In 1985, his adnministration introduced the Austral Plan,
which used a price freeze to achieve disinflation. By 1987, however, the
acceleration of inflation was once more the central feature of the economy.
Inflation had proved impossible to stop, the external debt remained a
harrowing problem, and Argentina faced growing poverty.

In the same way as Argentina, Brazil traditionally has lived with high
rates of inflation. Between 1980 and 1985 the government's failure to absorb
the debt and oil shocks in a non-inflationary manner pushed inflation from
50 percent to220 percentand beyond. In February 19861Brazil embarked on
a major stabilization effort-the notorious Cruzado Plan. Among the
factors that led to the failure of the Cruzado Plan, the most prominent was
the overheating of the economv through loose fiscal and monetary policies,
as well as through an overly generous wage policy. Very low interest rates
and increasing real wages prod uced a consumers' boom. When the govern-
ment removed the freeze a year later, prices exploded. The government
made new efforts to control inflation-the Bresser Plan in mid-1987 and the
Summer Plan in January 1989. Because President Jose Sarney lacked the
political will to implement measures of fiscal consolidation, the govern-
ment did not keep its promises to eliminate the budget deficits. Sarney also
lacked credibility, determination, and allies in Congress. With the budget
deficit left untouched all three plans merely amounted to attempts to stop
inflation by decree.

While in other high-inflation countries in Latin America flight from
money has meant capital flight into deposits in Miami or cash dollars, in
Brazil it has led to the creation of an even more perfect domestic money
market. A real rate of return on government securities in excess of the
economy's growth rate created, however, a rapidly growing stock of real
government interest-bearing debt per capita. By the end of 1989, the ratio
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of domestic debt to GDP in Brazil was 0.83, but more significantly the maturity
of this debt was explosively short. Debt maturity shrank as the government
avoided paying even higher risk premia, a stance that gave people illusory
liquidity. Debt repudiation seemed to bearound thecorner. There was also
the plausible alternative of a forced consolidation of the debt into long-term
bonds or into public enterprise ownership. The March 1990 Collor Plan
presented a third alternative: blocking financial assets for 18 months.

The government achieved a temporary consolidation of the domestic
debt by postponing debt service. It closed the banks for five days, blocked
part of the cruzados novos in bank accounts, and introduced a new currency,
the crtzeiro, to be exchanged on a one-to-one basis for the crizado novo. The
plan initially set an 18-month freeze on savings accounts of more than 50,000
cruzeiros (US$1,200) and limited withdrawals from bank deposits and
money market funds. The measure was to be temporary-either the
government would unfreeze the assets, write them off, or convert them into
interest-bearing nonmarketable loans.

The blocking of assets reduced government spending on the debt
service, so that the budget deficit was lowered, at least for a while. It also
limited the extent to which the desired substitution of monetary wealth into
commoditiescould take place. Asa resultof this process, production,sales,
fuel consumption, and employment plunged, and in April 1990 the economy
came to a halt. By July, despite pockets of recession, production in many
sectors was again approaching the levels before the plan, and most eco-
nomic indicators were pointing to a recovery. By then rapid remonetization
had spread fears that inflation would take off again. The extreme financial
instability of Brazil and Argentina at the end of the 1980s stands in radical
contrast to the stability Chile and Mexico recently achieved.

The Experience with adjustmnent: Chile a7ndi Mexico

The great instability of copper prices has traditionally harmed Chile's
economic performance. Between 1900 and 1985 the average deviation of
real copper prices from their trend was greater than 25 percent-an average
deviation higher than that of any other commodity. The three most serious
recessions in Chile (the 1930s, 1974-75, and 1982-83) all coincided with
declining copper prices. At the same time, Chile's poor economic perfor-
mance during the 1950s and 1960s derived in good measure from the
combination of growing protectionism and state intervention as a develop-
ment strategy. As prices lost their role as a guide to investment, fiscal and
credit subsidies increased, a trend that multiplied the distortions and
inefficiencies. At the same time budget deficits, inflation, and payments
crises became interminttent. Inward-lookinggrowth led to overdiversification
of production for domestic markets and a concentration of exports in a few
primary activities such as copper.

In the early 1970s the Allende regime, unable to finance its programs
with taxes, did sowith massive deficit spending. Although thegovernment
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managed to repressinflation for awhile with price controls, by August 1973
inflation had reached 300 percent a year. In the last quarter of that year a
military junta took over. It freed all prices, devalued the exchange rate,
controlled wages, and imposed restrictive fisca land monetary policies. The
result was a hyperstagflation.

To maintain the disinflation achieved in 1974, in mid-1975 the govern-
ment tightened fiscal policy. This move brought the fiscal deficit down to
3 percent of GDP, and Chile's gross national product (GNP) fell by 13
percent. Inflation was only partially reduced. Meanwhile, the government
undertook important economic reforms. It returned most activities in the
public sector to private hands. ltopened up trade: it reduced the tariffs from
an average rate of 94 percent in 1973 to an average rate of 33 percent in 1976,
and by mid-1979 it had lowered all tariff rates to 10 percent. Stubborn
inflation finally convinced policymakers that the answer was global
monetarism. By 1980 the public sector surplus exceeded 3 percent of GDP,
seignorage revenue was negative, and inflation was on its way down. The
real exchange rate appreciated dramatically, however, and in 1982 external
disequilibria finally forced a reversal of the exchange rate policy.

During the exchange rate-based stabilization a debt-led boom devel-
oped. It was followed by a financial crisis and a severe recession that
occasioned a 15 percent drop in GDP in 1982. The fragile condition of
financial institutions forced massive rescue operations and liquidations.
Starting in June 1982, the government undertook a number of discrete
devaluations to correct the accumulated overvaluation. From then on a
crawling peg continued to depreciate the exchange rate in real terms. Fiscal
and monetary policies were restrictive.

Since 1984 Chile has experienced six years of expansion with moderate
inflation and a reduction of the debt ratios. The annual growth rate of GDP
of 6.3 percent between 1984 and 1989, with inflation of only 20 percent a
year,occurredinthecontextofreducedcurrentaccountdeficits. Incontrast
to other Latin American countries, Chile was able to run a primary surplus
big enough to transfer resources to the central bank to cover the quasi-fiscal
budget deficit.

It took 15 years of reforms to cure Chile of both its accumulated past
policy mistakes and the mega-inflation of the mid-1970s. During the last
fiveyears a pragmatic exchange rate policy has supported a recoverydriven
by exportgrowthand therevival of public sector investment. The transition
to democracy without capital flight indicates that Chile might finally be on
a stable development path.

The same cannot yet be said of Mexico. Despite major economic
reforms in the 1980s Mexico still seems politically and economically far from
the Chilean miracle. Compared with Chile, Argentina, and Brazil, Mexico
enjoyed extremely low inflation until the mid-1970s. Between 1960 and
1973 the average for Mexico was around 3 percent. In the mid-1970s
inflation jumped to 15 percent and during the late 1970s rose further in large
measure as a result of the budget deficits of President Jose Lopez Portillo's
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government. Although public revenues from oil exports increased
twelvefold from 1977 to 1981, they lagged behind government expenditures.
To prevent further inflation, the government postponed increases in the
prices and tariffs of goods and services provided by the public sector. It
financed the government deficits by external borrowing. Continuing
deterioration of the balance of payments, despite devaluations in 1981 and
1982, gave rise to the expectation that grad ual depreciation of the exchange
rate would be insufficient to correct imbalances in the current account; as a
result, capital flight reached unprecedented levels.

Stabilization came at the end of 1982, and by late 1983 most of the fears
of financial disaster thathad prevailed the year before had vanished. Large
trade and current accounts surpluses were generated and the foreign debt
renegotiated. The debt service burden caused inflation to increase because
resources had to be extracted from the private sector to finance the external
debt of the public sector.

Between 1983 and 1988 the government implemented remarkable
reforms on the fiscal and trade fronts. There has been a dramatic turn-
around in the budget, witha consistent surpluson the primary balance since
1983. The improvement, amounting to 15 percent of GDP between 1982 and
1988, came mainly from cuts in expenditures, which fell by 11 percent of
GDP. The remaining gains resulted from a stronger effort to collect internal
revenue, including corrections of public prices, reform of the income tax
code, improvements in tax administration, and reduction of public enter-
prises. Between 1982 and 1988 the government privatized over 700 enter-
prises. The budget improved with the yearly return on sales of assets and
the reduction in subsidies. Trade reform followed the fiscal reform, espe-
cially since 1985, when the government reduced quantitative restrictions to
25 percent of imports. It also reduced the maximum tariff, which was 100
percent in 1982, to 20 percent in 1988; the average effective protection also
decreased substantially.

Despite these reforms and a falling per capita income over five years,
the orthodox program did not stop inflation. In October 1987 the collapse
of the stock market exposed the precariousness of Mexico's economic
situation. The increased interest rates were not enough to stop the capital
flight and fall in reserves. The government allowed the exchange rate to
depreciate, and inflation picked up again. In 1988 it introduced a new
program, the Pacto Social, which used a fixed exchange rate supported by
price controls and a wage freeze to halt inflation. As a result of the Pacto,
monthly rates of inflation dropped from an average of about 15 percent in
January 1988 to only 1 percent in the second half of the year. Of additional
help was Mexico's 1989 agreement with commercial bank creditors on a
multiyear financing package and two alternative debt-exchange options.
This development meant that debt amounting to about $22.5 billion would
be subject to reduced interest rates and that additional gross claims of about
$7 billion would be extinguished. The 1989 rate of per capita GDP growth
was 1 percent, the first real improvement since the onset of the debt crisis.
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Figure 7.5 Chile: The real exchange rate
(1980-82=100)
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Capital, after having flown abroad for years, began to return to Mexico.
The picture is not yet perfect. Although modernization and the pros-

pect of free trade with the United States have improved expectations, invest-
ment has not increased sufficiently to generate sustainable growth while
inflation is again rising. The 1990 increase in the oil price is good news for
Mexico and could provide the bridge to sustained growth. Nevertheless,
despite this rise in oil prices, Mexico still has balance-of-payments problems.

Mexico differs from Chile in two important areas. One is the exchange
rate policy it followed in the last four years (figures 7-5 and 7-6). The other
is in the realm of politics. While Chile has pursued an aggressive devalu-
ation policy since the mid-1980s, Mexico has maneuvered its exchange rate
very carefully to avoid any inflationary impact. After a 20 percent devalu-
ation, the government fixed the peso's exchange rate against the dollar in
February 1988. Later it began to devalue daily, but at a rate equivalent to
only 14 percent a year, well below the economy's rate of inflation. Since May
1990 the rate of devaluation has been even slower.
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Figure 7.6 Mexico: The real exchange rate
(1980-82=1(0))
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Mexico also differs from Chile in its political development. The
transition to democracy in Chile owes much to the tradition of strong,
competitive politicalparties. Bycontrast, thistraditionis absentinMexico.
PresidentCarlosSalinasisincreasinglypopular,butitisunclearhowmuch
popular support the undemocratic government actually has. Most Mexi-
cans are worse off than they were in 1981, and if politics go wrong, capital
flight could resume and scare prospective investors.

Exchange rate dynamics and the stock market

This section focuses on a simple model of the real exchange rate and the real
price of capital to understand the mechanisms that affect these two vari-
ables. Itis argued that the negativecorrelation between investment and real
exchange rates observed in the 1980s derives from shocks that simulta-
neously reduce the real price of capital and generate a real depreciation,
rather thatn from a causal relationship runtiing from real devaluations to
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desired lower levels of investment. This section develops the argument
in the context of economies where the central bank chooses the nominal
exchange rate. (Appendix 7-2 examines the case of flexible exchange
rates.)

There are two separate strands of literature on monetary policy. The
closed economy models emphasize the impactof monetary policy on yields
fromand prices of assetsand the resulting link to investmentand aggregate
demand. By contrast, the open economy literature shows that, under
conditions of capital mobility and flexible exchange rates, changes in net
exports, not investment, are the chief result of monetary policy. Cardoso
(1983) and Gavin (1989) integrate the two approaches by introducing the
real price of capital as an additional key variable in the open economy
macroeconomic model.6

In the Mundell-Fleming model, monetary expansion leads to an in-
crease in aggregate demand. The expansion in income is entirely attribut-
able to depreciation of the exchange rate, induced by incipient outflows of
capital. As long as foreign interest rates remain fixed, the monetary
expansion has no effects on investment spending. Dombusch (1976)
extends the Mundell-Fleming model to expectations about exchange rates
and price flexibility in the long run. In this model, given the differential
speeds of adjustment in the markets for goods and assets, a monetary
expansion leads to an initial overshooting of exchange rates. Similar to the
Mundell-Fleming model, however, the effects of monetary expansion de-
rive entirely from the change in the relative price of domestic goods, and
investment spending is not emphasized as a transmission channel of
monetary policy.

These results contrast with the conclusions of the closed economy
models, where the main channel of transmission from monetary expansion
to aggregate demand is the stock market and investment (as, for example,
in Tobin's analysis). In closed economy IS/LM models, a monetary expan-
sion increases aggregate demand because it reduces interest rates, raises the
price of capital, and thus induces more investment.

The model developed in this section reconciles the two views, showing
that in an open economy with flexible exchange rates a monetary expansion
affects exchange rates and the price of stocks, so that both investment and
net exports expand.

The model

Consider a small open economy with flexible exchange rates and four
assets-money, stocks, short-term domestic bonds, and foreign bonds.
Nonmoney assets are assumed to be perfect substitutes, and arbitrage
ensures they have the same expected short-run rate of return. Therefore the
expected real interest rate on domestic bonds, r*, must equal the given real
interest rate on foreign bonds, r, plus the expected real depreciation rate,
e*/e - jf/p:
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(7-1) =r + e*/e-p/p,

where r*= expected real interest rate on domestic bonds
r = real interest rate on foreign bonds
e nominal exchange rate
p = level of prices

= a time derivative
* = an expectation.

It isassumed in equation (7-1) thattherate of foreign inflation iszero, so that
the real interest rate on foreign bonds is equal to its nominal interest rate.

Arbitrage also ensures that the expected real interest on bonds equals
the real profit rate, p/q, plus expected capital gains, q*/q:

(7-2) r* = p/q + */q

where p is profits per unit of physical capital and q is the real price of stocks
in terms of domestic goods. Under the assumption of full employment and
a constantcapital stock, p is constant. (Appendix 7-2considersaneconomy
with less than full employment and a cyclical relationship between output
and expected profits per unit of physical capital.)

Equations (7-1) and (7-2) describe arbitrage among stocks and bonds.
Money is assumed to be an inverse function of the common nominal return
on nonmoney assets, i = r* + p*/p. A balanced portfolio results when the
demand for real cash balances equals the real money stock. Under a
managed exchange rate money becomes endogenous, and equilibrium in
the money market does not need to be considered explicitly, as it is in
appendix 7-2.

Assume that the central bank avoids overvaluation by following a
crawling peg and devaluing the exchange rate in response to increases in
domestic pricesinexcessof increases in foreign prices. Thecentral bankalso
looks at the current account and devalues faster if the exchange rate is
overvalued. The central bank adopts the following devaluation rule:

(7-3) e/e = P/P - a (x - x )

where x is the real exchange rate and - is steady state values.
The system is now formed by equations (7-1), (7-2), and (7-3). In steady

state, the real price of capital and the real exchange rate are constant:

(7-4) q/q=O= r-ca(x- x)-p/q

(7-5) x/x=O=-a(x- x),i.e.,x= x

where r is the real interest rate on foreign bonds and p is profits per unit of
physical capital.
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Figure 7.7 Phase diagram: Dynamics of the real price of capita and the real
exchange rate
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This system is represented in figure 7-7. The upward-sloping schedule,
q/q = 0, represents the combinations between the real exchange rate, x, and
the real price of capital, q, for which the real price of capital is constant. To
the left of the schedule q/q = 0, the real price of capital is increasing; it is
declining to its right. The vertical schedule x/x = 0 cuts the x axis at the
equilibrium real exchange rate, x. If x > x, the real exchange rate is falling;
if x < x, it is rising. Figure 7-7 also shows the unique path to equilibrium.
The real price of capital can jump at any time, but the real exchange rate
slowly follows the central bank rule.

An adverse terms of trade sihock

A permanent decline in the terms of trade requires a higher real exchange
rate in the new equilibrium and shifts both schedules to the right, as shown
in figure 7-8. In response to the shock the real price of capital immediately
falls because the expected real depreciation increases the domestic real
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Figure 7.8 A deterioration in the terms of trade
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interest rate above the foreign interest rate. From then on, as the real
exchange rate depreciates, the real price of capital slowly recovers. During
the adjustment the real price of capital and investment are below their
equilibrium levels.

It might be expected that a permanentdeterioration of the terms of trade
would also reduce the real profit rate, p. In that case the schedule qlq = O
would shift further to the right, and the new equilibrium would move to a
point below the one represented in figure 7-8. In this case the real price of
capital wouid instantaneously fall more than before. Although it would
increase during the adjustment, it would be permanently lower than under
the hypothesis represented in figure 7-8.

Terms of trade and investment

This section considers the effects of fluctuations in the terms of trade on
investment. The focus is on two mechanisms. First is the effect of a change
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in the terms of trade on real income, as well as its impact on the profitability
of the export sector and the extent to which this impact is multiplied if
profits are positively correlated across sectors. This effect is called here the
"Manaus Opera House effect." Second is the way a deterioration in the
terms of trade affects the current account and induces contractionary
measures. This second channel is here called the "IMF effect."

The Manauis Opera Houise effect

A deterioration in the terms of trade reduces real income and has at least a
transitory negative effect on investment. Because a deterioration in the
terms of trade directly affects the profitability of investment in the export
sector, it also reduces investment in that sector. If profits are positively
correlated across sectors, bad news for the export sector is bad news for the
economy as a whole, and an adverse terms of trade shock means poorer
business prospects.

Conversely, a positive terms of trade shock will spread its benefits
throughout the economy. The case of Brazilian natural rubber offers a good
example. Between 1840 and 1911 the price of rubber increased from £45 to
£512 per ton, as the industrial applications of rubber multiplied rapidly in
the last quarter of the nineteenth century. Brazil exported 6,600 tons of
natural rubberin 1870. By 1911 shipmentsamounted to38,500(tons. Rubber
gatherers spread throughout the Amazon valley, a phenomenon thatgave
new stimulus to the economic life of the region and led to the first effective
settlement in the jungle, the city of Manaus. Built 1,000 miles up the river,
it was the first city in South America to have streetcars; its residents sent
their laundry to Lisbon to be washed. The Opera House, where the Ballet
Russe once danced and Beniamino Gigli once sang, was completed in 1910,
just before the collapse of the rubber boom. After 1911, a catastrophic
decline in the price of rubber set in. Gatherers retired, and 10 years later
Manaus scarcely retained a shadow of its former splendor. Investment
vanished. Numerous similar examples abound. Buenos Aires before
World War I was a monument to the impactof the rising terms of trade. The
adverse terms of trade shock of the 1930s provoked a fantastic deflation to
which the response was the implementation of import-substitution policies.

A deterioration in the terms of tradealso affects the budgetadversely-
either directly if the government owns the export sector or indirectly by
reducing the tax base. A deterioration in the budget will require corrective
measures, and its deflationary effect will reduce investment. Even in the
absence of corrective action, when the government spends what it earns, a
reduction in taxes will automatically reduce spending, profits, and invest-
ment.

A movement in the terms of trade directly affects government revenues
in countries where the main export sector is in the hands of public enter-
prises, such as in Chile (copper) and Mexico (oil). It is no accident that
Chile's major recessions (in 1975 and 1982) coincided with a collapse in
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copper prices or that the Mexican investment boom in the second half of the
1970s accompanied an oil boom.

The IMF effect

A deterioration in the terms of trade will worsen the current account
balance. If people perceive the deterioration as permanent, the government
will have to take corrective measures. Even if the deterioration is transitory
but cannot be financed, it will have to take corrective measures. These
measures may include fiscal and monetary policies that reduce expendi-
tures, a step that will affect investment adversely. They may also include a
devaluation of the exchange rate, which can only be translated into a real
devaluation in the context of tight money.

Tight money works through differentchannelsdepending on a nation's
financial structureand thedetails of financial intermediation. One possibil-
ity (with a deep capital market) is that it will raise the costof capital and thus
reduce the desired stock of capital and the optimal rate of investment. A
second possibility, which may be parallel, associates tight money with tight
credit. Credit rationing in turn reduces the rate of investment that can be
financed. A third possibility is that tight money causes reduced profit flows
and thus a reduced ability to self-finance. It may also lower the value of
collateral. In one way or another these mechanisms convert tight money
into reduced investment. Brazil in 1981-82 and Peru in 1983-84 provide
good examples of the IMF effect.

The empirical evidence

This section discusses the empirical evidence from regressions of the share
of private investment in GDP on a group of variables, including the log of
the terms of trade. The regressions use quadrennial panel data for the
period 1970-85 in Argentina, Brazil, Chile, Colombia, Mexico, and Venezu-
ela. These countries accounted for 86 percent of total GDP in Latin America.
(Thesourcesof thedata are proviided inappendix 7-3.) Theequationsdo not
use the real interest rate or any other variable as a proxy for the cost of
capital. There are no continuous data for all countries in the sample.
Moreover, theextremexvariabilityof inflation and taxation suggests thatno
single variable will correctly capture the average opportunity cost of
investment for all firms in the medium term. In different countries and at
different times the long-term instruments in the credit market have van-
ished, and retained earnings have become the primary source of finance for
significant periods.

Real exchange rates and investment

The positive correlation between the decline in the shares of investment in
GDP in the 1980s and the real depreciation observed after the debt shock
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(table 7-1) can lead to a mistaken belief that the real depreciation caused the
decline in investment. Serven and Solimano (1990) survey mechanisms that
link devaluation with investment, as well as empirical studies that find a
negative impact of deval uations on investment (see, for instance, Faini and
de Melo 1990). The rationiale for these findings include the following. First,
theadversereal incomeeffectof a real depreciation (following the lineof the
"contractionary devaluation" literature) could reduce firms' desired capac-
ity. Second, without monetarv accommodation exchange rate depreciation
may result in higher interest rates and depress investment. If these are the
channels of transmission, a significant negative coefficient of real deprecia-
tion would not be expected in an investment regression that includes both
income and interest rates. A third argument is that because a devaluation
might raise the cost of imported capital, it could lead to a decline in
investment. This argument would apply in the nontraded goois sector but
not for investment in the traded goods sector. Thus, the effect of real
devaluations on aggregate investment is uncertain. It should also be
observed that the higher cost of imported capital could encourage invest-
ment with a high domestic content rather than investment with a high
foreign exchange content without affecting the level of investment.

Serven (1990) assumes an exogenous real exchange rate. He shows that
the long-run effect of a real devaluation is ambiguous, although an antici-
pated depreciation in the real exchange rate provides the incentive for a
speculative reallocation of investment over time. When a real depreciation
is expected, an investment boom is likely to develop if the import content
of capital goods is high relative to thedegree of capital mobility. The reason
is that the expected depreciation promotes flight into foreign goods. A
slump will follow the boom when the depreciation takes place because such
devaluation amounts to a removal of a subsidy for investment. With high
capital mobility the anticipated depreciation promotes flight into foreign
assets and an investment pattern opposite to that described above.

The previous section presented a model with a crawling peg where the
real exchange rate is determined jointly with the real price of capital. In that
model an expected rateof real depreciation (in response to an adverse terms
of trade shock) temporarily raises the domestic real rate of interest and
reduces the real price of capital below its equilibrium level. The deteriora-
tion in the terms of tradecauses both the real depreciation and the reduction
in the real price of capital and investment. The results presented here,
obtained using a model with perfect capital mobility, are consistent with
Serven's results for his case of high capital mobility.

The first regression in table 74 shows the strong positive effect of an
improvement in the terms of trade on investment. Table 7-4 also reports the
reaction of the share of private investment in GDP in response to growth, to
movements in the share of public investment in GDP, to the index of the real
exchange rate, and to the rate of real appreciation. The hypothesis that the
coefficients of the real exchange rateand of real appreciation are zero cannot
be rejected. Growth, the share of public investment in GDP, and the terms
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Table 7.4 Regression analysis
(dependent variable: share of private investment in GDP)

Independent variables
Rate of

Share of Index of appreciation
Growth pulilic Log of the real of the real
rate of invest went terms exclunge exchange
GDP in GDP of trade rate rate R2

0.81 0.89 -6.77
(6.72) (4.39) (-2.62) 0.74

0.81 0.75 0.003
(5.04) (3.24) (0.07) 0.65

0.81 0.75 0.002
(5.67) (3.20) (0.02) 0.65

Note: Quadrennial panel data, periods 1970-73, 1974-77,1978-81, and 1982-85.
T1he countnes are Argentina, Brazil, Chile, Colombia, Mexico, and Venezuela.
The number of observationis is 24.
Constant term is not reported. The t-statistics are in parentheses.
Soatrce: Author's calculations.

of trade explain 74 percent of the variation in the share of private investment
in output. 7

Private and public investment

In Latin America the public sector accounts for a high proportion of
investment. Between 1985 and 1988 public investment accounted for more
than half of total investment in Bolivia, for approximately half of total
investment in Argentina, Chile, and Colombia, and for more than one-third
of investment in Brazil, Uruguay, and Venezuela. Public enterprises
dominate a wide range of economic activities, including the banking,
transport, and mining ind ustries. In many countries the explanation for the
large participation of government in production lies in considerations such
as the absence of a private sector able to undertake major projects. Even
though the performanceof the public sector has been strongly criticized, the
empirical evidence shows an important complementarity between public
and private investment. Government investment in fixed capital crowds in
private investment, possibly because it increases productivity by providing
infrastructure and services. In the regressions presented here a 1 percentage
point increase in the share of public investment in GDP raises the share of
private investment in GDP by more than half a percentage point.

Complementarity between private and public investment does not rule
out the possibility that an increase in total government spending, rather
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Table 7.5 Regression analysis
(dependent variable: share of private investment in GDP)

Independent variables

Stock Flow
slhare of slare of

claims on claims ont
Slhare of government government

Growth public Log of in total in total
rate of investment terms domestic domestic
GDP inl GDP of tralde credit credit R2

0.74 0.62 -1.06
(5.26) (2.64) (-1.48) 0.68

0.76 0.78 -6.21 0.78
(5.98) (3.52) (-2.39) (-1.18) 0.76

0.74 0.75 -1.38
(5.17) (3.47) (-1.42) 0.68

0.76 0.88 -6.25 -1.00
(5.89) (4.35) (-2.39) (-1.13) 0.76

Note: Quadreniial panel data, periods 1970-73, 1974-77,1978-81, and 1982-85.
The countries are Argentina, Brazil, Chile, Colombia, Mexico, and Venezuela.
The number of observatiorns is 24.
Cornstant term is not reported. The t-statistics are in parentheses.
Soturce: Author's calculations.

than just an investment outlay, could crowd out private investment. An
increase in total spending that is not financed by an increase in taxes
provokes a deficit that is in part financed by borrowing from the local credit
market. This form of financing can have a detrimental effect on private
investment. High fiscal deficits push up interest rates and reduce the
availability of credit to the private sector.

Departing from the hypothesis of perfectcapital markets, crowding out
is tested for here by introd ucing the share of claims on government in total
domestic credit as a variable in the regressions (table 7-5). One equation
uses the share of the stock of claims on government in the stock of domestic
credit; and the other uses the share of the flow of claims on government in
the total domestic credit flow. In all equations the coefficients are negative
as expected, but the t-statistics are small.

Bernanke (1983) shows that irreversible investment invites delay, as
entrepreneurs wait for the resolution of uncertainty. Firms are cautious in
their decisions to expand capacity under uncertainty because investment
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Table 7.6 Regression analysis
(dependent variable: share of private investment in GDP)

Independent variables

Log of
Share of Index the ratio

Groutth public Log of of of external
rate of investment terms econiomic debts to
GDP in GDP of trade instability exports R2

0.81 0.89 -6.77
(6.72) (4.39) (-2.62) 0.74

0.66 0.69 -1.55
(4.23) (3.25) (-1.79) 0.70

0.71 0.83 -5.86 -1.07
(4.90) (4.06) (-2.22) (-1.29) 0.76

0.70 0.63 -3.55
(4.98) (2.93) (-2.01) 0.71

0.74 0.79 -5.49 -2.23
(5.59) (3.65) (-2.00) (-1.26) 0.76

Note: Quadreuijal panel data, periods 1970-73, 1974-77,1978-81, and 1982-85.
The countries are Argentina, Brazil, Chile, Colombia, Mexico, and Venezuela.
The number of observationLs is 24.
Constant term is not reported. The t-statistics are in parentheses.
Soturce: Author's calculations.

today can lead to excessive capacity tomorrow if circumstances change.
Substantial budget deficits have created financial instability in many Latin
American countries such as Argentina and Peru. In these countries,
volatility of output, interest rates, relative prices, and inflation increase
uncertainty and thus reduce investment. Another source of uncertainty in
the investment climate is the need in the future to carry out an external
transfer to creditors, since that transfer might require increases in taxes and
changes in relative prices.

The regressions in table 7-6 test the hypothesis that uncertainty affects
the share of private investment in Latin America by bringing two additional
variables into the picture, one at a time. One of the new variables is the log
of the ratio of the total external debt to exports. The coefficient of the
variable standing for the debt overhang has the expected negative sign. Its
t-statistic is larger than 2 in the equation that does not include the terms of
trade, but in the equation that includes the terms of trade the coefficient for
the debt overhang is not significant.
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Theother variableis an index of instability builtbyadding the logof the
debt ratio, the log of one plus the rate of inflation, and the log of the
coefficient of the variation in the real exchange rate (calculated from
monthly data during each of the four-year periods). Once again the
coefficient has the expected negative sign but is not significant in the
equation that includes the log of the terms of trade. Regressions with the
three different uncertainty proxies entered separately were run; they did
not obtain better results.

Concluding remarks

The regressions in tables 74, 7-5, and 7-6 show that growth, the share of
public investment in GDP, and the log of the terms of trade explain 74
percent of the variation in the share of private investment in output. The
coefficients of these variables are significant and stable across specifica-
tions. A 1 percentage point increase in the growth rate increases the share
of private investment in output by less than 1 percentage point. This result
is consistent with other empirical studies that find a strong response of
investment to changes in output.8 The regressions presented here dampen
the scope for any "excessive"' output-related variability of investment in
the cycle by using four-year averages for the variables.

In the present regressions a I percentage point increase in the share of
public investment in GDP raises the share of private investment in GDP by
more than half a percentage point, a result that confirms the hypothesis of
complementarity between private and public investment. This
complementarity does not rule out the possibility that an increase in the
budgetdeficitcrowds out private investment. When testing the hypothesis
thatgovernmentborrowing from the local credit marketcrowds outprivate
investment, as expected the coefficients in all equations were negative, but
the t-statistics were small.

The coefficients of the variables standing for the debt overhang and
macroeconomic volatility had the expected negative signs, but the t-statis-
tics in the regressions that included the terms of trade were small. In all
equations, the effect of an improvement in the terms of trade on investment
was large and significant. Both the real exchange rate and the real rate of
depreciation had no effect on investment behavior.
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Appendix 7A. Empirical studies of investment
in Latin America

Investment regressions for Latin America use models that combine ele-
ments of different theories. Behrman (1972) explores the validity of putty-
putty versus putty-clay assumptions across a number of different economic
sectors in Chile. He finds that investment functions differed across sectors.
Bilsborrow (1977) shows that the availability of foreign exchange to imple-
ment planned capital formation and the internal flow of funds were the
most important determinants of investment in Colombia. Dailami (1987)
finds a negative relation between the cyclical behavior of private invest-
ment in Brazil and the volatility of the stock market. Musalem (1989) shows
that investment in Mexico was responsive to the real interest rate, the
relative priceof investment, and the rate of capital utilization and that there
werecomplementary'linksbetweenpublicand privateinvestment. Ocampo
(1990) surveys the literature on determinants of investment in Colombia.
The evidence suggests that domestic demand was the major determinan1t of
investment in Colombia. Simple accelerator models explain a large propor-
tion of the variance in manufacturing investment. Investment was also
sensitive to the relative price of capital goods, to direct import controls, to
the internal funds of the manufacturing firms, and to the long-term avail-
abilityofcredit. Pinheiroand Matesco(1988,1989)calculatehistoricalseries
for theincrementalcapital/output ratio(ICOR) in Brazil since 1948. Solimano
(1989) studies the impact of cycles of economic activity, relative prices, and
policy inconsistencies on investment in Chile.

Appendix 7B. The price of capital and the real
exchange rate

This appendix develops a model of the real exchange rate and the real price
of capital. The special features of the model are the presence of a stock
market, full long-run flexibility of prices, and stickiness of the priceof goods
in the short run. The prices of stocks and exchange rates can jump at any
time.

Initially it is assumed that the model incorporates full employment and
a price level that rises when demand for domestic output exceeds its full
employment level. The closed form solution of the dynamic system is
discussed next. An extension of the model covers the case of an economy
with less than full employment. Finally the model is discussed with a
crawling peg regime.

The mnodel

Consider a small open economy with flexible exchange rates and four
assets: money, stocks, short-term domestic bonds, and foreign bonds.
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Nonmoney assets are assumed to be perfect substitutes, and arbitrage
ensures they have the sameexpected short-run rate of return. Therefore the
expected real interest rate on domestic bonds, r*, must equal the given real
interest rate on foreign bonds, r, plus the expected rea l rate of depreciation,
e*/e -P*1p:

(7B-1) e = r + i*le - I)/p.

It is assumed in equation (713-1) that the rate of foreign inflation is zero, and
thus the real interest rate on foreign bonds is equal to its nominal interest
rate.

Arbitrage also ensures that the expected real interest rate on domestic
bonds, r*, equals the real profit rate, p/l, plus expected capital gains, q*/q:

(7B-2) r* = p/q + 4*1q.

Under the assumption of full employment and a constant capital stock, p is
constant. (Analysis of an economy with less than full employment and a
cyclical relationship between output and expected profits for a unit of
physical capital is considered later.)

The expected real rate of interest on domestic bonds is defined as the
difference between the nominal interest rate, i, and the expected inflation
rate:

(7B-3) = -)/

where i is the nominal interest rate.
Equations (713-1), (7B-2), and (713-3) describe arbitrage among stocks

and bonds. Since money is held for transactions, money is assumed to be
an increasing function of income, y, and an inverse function of the common
nominal return on nonmoney assets, that is, the nominal interest rate. A
portfolio is balanced when thedemand for real cash balances equals the real
money stock, in - M/p:

(713-4) tin = y/vi.

where in is the real money stock, y is income, and v is a constant.
It is assumed in equation (7B-4), in keeping with Mundell (1965), that

velocity is a linear function of the opportunity cost of holding money. The
nominal interest rate is assumed to be positive.

Equations (7B-1)-(7B-4) determine the price of capital, the nominal
exchange rate, and domestic nominal and real interest rates (q, e, i, and r*)
as functions of: the foreign interest rate, r; the policy variable, M; the price
level, p; and expectations, )*, q*, and e*.

The behavior of the price level is specified next. It isassumed that prices
increase whenever aggregate demand for domestic goods exceeds the full
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employment level of output. The aggregate demand for domestic goods is
composed of investment spending, consumer and government expendi-
tures, and net exports. Following Tobin, investment is an increasing
function of the real price of stocks. Consumption is assumed to depend on
permanent and transitory income and is constant under the assumption of
full employment and a constant tax structure. Net exports depend on the
real exchange rate, defined as x - e/ll. A real depreciation raises the
competitiveness of domestic goods relative to foreign goods while increas-
ing the demand for domestic goods and reducing domestic demand for
foreign goods. It is further assumed that an increase in the real exchange
rate expands net exports. From this argument it follows that the demand for
domestic goods exceeds its full employment level whenever the real ex-
change rate or the real price of stocks exceeds its steady state level. The
equation for the rate of change in the level of prices can be written as:

(7B-5) p/p = (x - x ) + o(q - q)

where e is the product of the elasticity of aggregate demand relative to the
real exchange rate times the speed of adjustment of prices and 0 is the
product of the elasticity of aggregate demand relative to the real price of
stocks times the speed of adjustment of prices.

The model is closed by assuming rational expectations. It reduces to
three differential equations describing the behavior of the real price of
stocks, the real exchange rate, and the real money stock:

(7B-6) q/q =y/vtn -p/q - (x - x )-(q -q)

(7B-7) x/x y/vtn - ((x - x) - 4(q - q) - r

(7B-8) ?fl n - )(x - x) - 4(q - q).

It is assumed in equation (7B-8) that the nominal money stock is constant.
Thus the growth rate of the real money stock equals the rate of deflation.

In a steady state, q = x = in = p) = 0, and the real price of stocks is equal
to the ratio between the real profit rate and the real interest rate, or q = p/ r.

The dynanmics

Linearization of the system formed by equations (7B-6)-(7B-8) around its
steady state is presented in the lastsection of thisappendix. Thesystem has
three characteristic roots:

r
, 3 =- A +(A 2 + rTO)1 /2

where A = ( xe + qO)/2. Two roots are positive, and one is negative. The
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absolute value of the negative root is defined as X. The steady state is a
saddle point equilibrium. Given the value of the real money stock, there is
a unique combination of the price of stocks and the exchange rate such that
the economy converges to the steady state. The equations of motion along
the stable arm are:

(7B-9) tn(t) = [n(O) - in]eTM + in

(7B-10) q(t) = ( q/ln-)in(t)

(7B-11) x(t) = (xr/m)B[m(t) - In] + x

where B = 1 + r/X. Observe that B > 1. Equations (7B-9), (7B-10), and (7B-
11) are derived in the last section of this appendix.

In response to a shock, granted that the price of stocks and the exchange
rate jump and move the economy onto a stable path to equilibrium,
adjustment is faster (a) the larger the elasticities of aggregate demand are in
relation to the real price of stocks and the exchange rate, (b) the faster prices
move in response to excess demand, and (c) the higher the foreign interest
rate is.

Comnparative dlynamnics

Consider an unanticipated monetary expansion. The steady state real price
of capital, interest rates, and real exchange rates are invariant to nominal
money, which only affects prices proportionately in the long run. To
understand the short-run effects of a monetary expansion, it is assumed that
theeconomy is initially in steady state when the unanticipated expansion in
nominal money occurs. When it does take place, real balances increase since
the price level does not adjust instantaneouslv. The nominal interest rate
fails to maintain portfolio equilibrium, and the expected rate of inflation
furtherdecreases the expected real interest rateon domestic bonds. Arbitrage
causes an immediate depreciation of the exchange rate and an immediate
jump in the price of stocks. As the price level increases, real balances fall.
Consequently, interest rates start to rise, the exchange rate slowly appreci-
ates, the real price of capital falls, and the economy returns to steady state
equilibrium. The adjustment is illustrated in figure 7B.1.

Observe that initially the movement of the exchange rate exceeds that
of the price of capital. At t = 0, when the monetary expansion takes place,
the exchange rate relative to the value of stocks is:

(7B-12) e(0)/p(0)q(0) - B.r/q

where x and q are the values of x and q in the initial steady state and B > 1.
The reason the depreciation in the exchange rate has to exceed the initial
increase in the price of stocks is that expected movements in the real price
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Figure 7B.1 Unanticipated monetary expansion: Dynamics of the real
price of capital and the real exchange rate

q,x

o x(O)

t(O)

C)~~~~~~(I

0

C)
D.

a)~~~~~~~ 0

Time (t)

Note: In the model the real exchange rate is defined as foreign prces divided by

domestic prices. An increase in the real exchange rate indicates a real depreciation.

Source: Authors elaboration.

of capital affect both the real profit rate and the expected capital gains,
whereas movements in the exchange rate only affect expected capital gains,
as can be seen in the following arbitrage equation:

(7B-13) i - p*/p = p/q + q*/q = r + e*/e - 1i*Ip.

The initial jump in the price of stocks increases investment. The initial
jump in the exchange rate makes domestic goods more competitive. Both
effects contribute to an increase in aggregate demand and create inflation.
As the price level rises, the economy returns to the steady state.

An extensionfor economnies with less thanfill employ?nent

The analysis is now extended to the case of the economies described by IS/
LM-type models, where it is assumed that output is determined by aggre-
gate demand, yd:
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(7B-14) y = yd.

Equation (7B-15) is rewritten for the slow adjustment of prices as follows:

(7B-15) I/y = h(l - yd / y ) = E(x - x ) + o(q - q )

where h is the speed of adjustment of prices. It follows that:

(7B-16) yd/y - 1 = (z/h)(x - x ) + (p/h)(q - q).

The cyclical behavior of profits is considered next. IS/LM models
assume mark-up pricing and a constant capital stock. These assumptions
imply that the profits for a unit of physical capital are an increasing function
of output:

(7B-17) p = ay.

Equations (7B-14) and (7B-17) are substituted into the system of differ-
ential equations formed by (7B-6)-(7B-8). Linearization of this system
around its steady state gives:

(7B-18) -q qo - r q q/ mii q-q
x + IxOry x()y rx/ml [x- x =0O

where y-1 - r/h.
This system has three characteristic roots: z, = r and z2 ,3 = - F (P +

F;F)1/2 where F_ ( qo + xEty)/2. As before, two roots are positive, and one
is negative. The steady state is a saddle point equilibrium. _

Two cases can be distinguished. If prices move fast, h > r and 1 > y > 0.
In this case the absolute value of the negative root is called z.

If prices move very slowly, h < r, y < 0 and qo < xO ly 1. Under those last
assumptions the absolute value of the negative root is called z. It is possible
to verify immediately that z < z- < y, where y is the absolute value of the
negative root in the model with full employment. It can be concluded that
the speed of adjustment to monetary shocks in an economy with less than
full employment is slower than in the case of a full employment economy.
During the adjustment to the steady state, in addition to inflation (or
deflation), levels of activity above(orbelow) theactivitylevel in steady state
are observed.

For economies with less than full employment where prices move
relatively quickly, the equations of motion along the stable arm are:

(7B-19) m(t) = [rn(O) - nl]e,' + in

(7B-20) q(t) = (q/m)1n(t)
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(7B-21) x(t) = (x/ n)H[n(t) - In] + x

where H - 1 + r [(1/z ) - (1/h)].
If prices move rapidly, h is large, and H > 0. In this case the effects of a

monetary expansion are qualitatively the same as in the case of the full
employment economy. It leads to an overshooting of the exchange rate, a
jump in the price of stocks, and an increase in aggregate demand. To the
inflationary effects obtained in the full employment economy must now be
added an expansion in output. The rise in output boosts the demand for real
balances, a shift that leads to an initial reduction in the interest rate that is
smaller than in the case of the full employment economy. It follows that the
overshooting of the exchange rate in the present case is smaller than in the
case of the full employment economy."0

Note that in equations (7B-10) and (7B-20), q(O) is the same. This result
can be readily understood. The expected cyclical profits that did not exist
in the full employment case are now discounted at higher interest rates,
which arise from the cyclical increase in the demand for real cash balances.

The model developed here is also useful in analyzing external shocks.
Consider, for instance, an increase in the steady state foreign interest rate.
It raises expected domestic interest rates by the same amount, so that the
demand for real cash balances is reduced; the exchange rate immediately
depreciates; and the price of stocks immediately falls. As a consequence the
composition of aggregate demand changes, as investment spending is
substituted by net exports.

Calcutlating tlhe charactcristic roots

Linearization of the system formed by equations (7B-6)-(7B-8) gives:

(7B-22) [q [q - r q9 rq ir q -q 1
r +(P r8 rx/tn II x -x =0

I n_ mnQ Inin-i () nIn _

The system has three roots: X, and 2 are positive; and 3 is negative.
To obtain equations (7B-9), (7B-10), and (7B-11), the system is solved:

(7B-23) (i) [ q - r + k3 qO rq/ml N,
(ii) Xi -+ xf iX + 3 rx/n N NJ = 0
(iii) LIn_Lnn x 3 N 3

Substitution of (iii) into (ii) gives

(iv) N, = B(x-/rn)N1

where B _=1 + r/k anid x - lk L.
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Substitution of (iv) into (i) gives

N,= -(q/m)[(Bxz + r)/(q+ X3 - r)]N3

Observe that [(Bxz + r)/qO + ?, - r)] = -1, since

(7B-24) X23+ (q- +x(3) 3- x iib=0.

The choice of the initial money stock establishes the value of N3, and
equations (7B-9), (7B-10), and (7B-11) immediately follow.

Appendix 7C: Data used in the regressions

Share of private investmnent in GDP and share of public investment in GDP:
average of the annual shares during each of the four-year periods.
Source: World Bank, except for Brazil becauseof thediscontinuity in the
World Bank data, as discussed in appendix 7D. The shares of private
and public total fixed capital formation, as reported in Contas Nacionais
(National Accounts), were used for Brazil.

Growth rate of real GDP: average of the annual rates during the four-year
period. Source: Economic Commission for Latin America and the
Caribbean.

Log of the terns of trade: log of the average of the yearly indices relative to the
country average for the whole period. The log of the average of the
yearly indices was used with almost the same results. Source: World
Bank, World Tables, 1989-90 edition.

Index of the real effective exchannge rate: average of the monthly indices during
the four-year period. Deviations from the country average for the
whole period were also used with basically the same results. Source:
Morgan Guaranty.

Average real appreciation rate duiring the period: average of the yearly real
appreciation during the four-year period, calculated from the index
above.

Log of the coefficient of variation of the real exchange rate: the coefficient of
variation was calculated from Morgan Guaranty monthly data during
each of the four-year periods.

Log of one plius the inflation rate: the inflation rate is the four-year period
average inflation rate per year of consumer prices. Source: Interna-
tional Monetary Fund, lnternational Financial Statistics.

Log of the debt/exports ratio: total external debt outstanding at the end of the
year/exports of goods and services: both the total external debt and
exports are from World Bank, Worldl Tables, 1989-90 edition.

Log of the ratio of the stock of claiins on gover1lnent to the stock of domnestic credit:
the ratio is [1 - (line 32d /line32)], where line 32d in the International
Financial Statistics represents claims on the private sector. The data for
Chile are reported only until 1984. The 1985 numbers wereobtained by
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telephone. Source: International Monetary Fund, International Financial
Statistics.

Appendix 7D: Looking at investment shares in GDP

The data on the share of investment in GDP in Latin America from different
sources present many discrepancies. This section compares the statistics
from a number of sources and discusses the reasons for the differences.
Table 7D.1 shows the data for 19 Latin American countries" from Summers
and Heston (1988), and table 7D.2 shows the data for 13 Latin American
countries from the World Bank. Both represent the share of total gross
investment, including variations in stocks in GDP. Summers and Heston's
data show real gross investment divided by real GDP, whereas the World
Bank data show nominal gross investment divided by nominal GDP. Much
of the difference between the two series derives from the investment and
GDP deflators Summers and Heston use.

These differences are explored a bit further here by looking at the data
for Chile and Brazil. Table 7D.3 shows that the World Bank data for total
nominal investment shares in the case of Chile are exactly the same as the
data published by the Banco Central de Chile. Figure 7D.1 plots the shares
of total gross investment in GDP as well as the share of gross fixed capital
formation in GDP. The shares of total investment (which include variation
in stocks) move more widely than do the shares of fixed capital formation.
Strangely, the variation in stocks in a given year can appear positive when
expressed in nominal terms and negative when expressed in real terms. The
explanation is that variations in stocks in Chile are calculated as a residual.

The Banco Central de Chile also provides information on real invest-
ment shares (table 7D.3). Figure 7D.2 shows the shares of total nominal
investment in nominal GDP and the shares of total real investment in real
GDP. After 1974, when the principal episodes of Chilean inflation came to
an end, the two series are very similar. Because the relative price of capital
can move, there is no reason to expect that the real and nominal shares
should coincide. In general, however, very high inflation seems to intro-
duce uncertainty about the accuracy of deflators in many Latin American
countries.

Figure 7D.3 shows Summers and Heston's data for real gross invest-
ment divided by real GDP and the same data from the Banco Central. They
broadly follow the same pattern, but the shares reported by Summers and
Heston are almost twice as large as the data reported by the Banco Central.
This large discrepancy is attributable to the very different deflators used in
the two sources. Data from Summers and Heston also show much larger
shares than are likely for Argentina but not for the other Latin American
countries.

Table 7D.4 shows the investment shares in Brazil between 1970 and
1988. The national accounts methodology changed recently, and the data
for the years prior to 1970 have not been revised. The Instituto Brasileiro de
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Table 7D.1 Share of investment in GDP, 1950-85
(percent)

Year Argentina Bolivia Brazil Chiile Colombia Costa Rica

1950 n.a. 8.20 n.a. n.a. 21.11 11.06
1951 n.a. 11.79 n.a. n.a. 19.70 11.92
1952 n.a. 11.16 n.a. n.a. 19.63 13.88
1953 n.a. 7.41 n.a. n.a. 21.01 13.07
1954 n.a. 9.90 n.a. n.a. 23.75 11.94
1955 n.a. 15.30 29.10 n.a. 24.14 12.21
1956 n.a. 14.29 26.91 n.a. 23.65 13.63
1957 n.a. 12.91 32.17 30.67 21.53 14.30
1958 n.a. 11.87 29.87 29.85 18.54 11.14
1959 20.13 9.14 34.02 27.87 18.44 13.77

1960 26.80 12.11 30.53 33.33 20.36 12.17
1961 27.26 9.41 23.19 35.69 21.24 12.33
1962 25.77 14.38 23.04 34.18 18.49 13.81
1963 22.08 13.73 20.52 36.05 17.50 15.12
1964 24.96 13.88 21.62 33.70 18.47 11.21
1965 24.59 15.21 22.94 34.83 17.72 17.15
1966 22.90 14.56 23.82 33.94 19.67 13.26
1967 23.23 13.11 20.84 31.98 16.85 13.48
1968 24.50 16.87 22.92 32.99 19.(9 12.46
1969 27.22 15.10 25.95 34.03 18.15 13.67

1970 27.80 15.28 24.35 33.93 19.25 14.34
1971 29.43 15.86 24.89 31.55 18.59 16.76
1972 28.93 17.97 24.67 26.88 17.22 14.58
1973 26.93 15.54 26.62 26.99 17.56 16.20
1974 26.06 14.39 28.88 32.01 19.74 16.62
1975 26.60 19.77 30.30 18.55 16.02 14.76
1976 28.08 16.70 27.69 21.27 16.32 17.64
1977 31.19 16.35 25.50 25.14 17.81 19.63
1978 29.02 16.07 24.29 28.86 17.29 18.42
1979 28.33 14.83 22.65 30.55 16.19 19.20

1980 29.68 11.45 23.31 35.52 16.79 20.43
1981 24.84 9.73 19.71 35.24 18.29 13.46
1982 22.72 5.46 18.79 20.44 18.82 7.67
1983 19.99 5.82 16.51 21.53 18.63 8.01
1984 16.16 5.36 15.55 22.28 16.79 15.04
1985 13.76 8.22 16.07 21.68 16.09 15.17

(continued)
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Doniinicani
Year Remublic Ecuador El SalVador Guatemala Haiti Honduras

1950 10.12 17.80 5.39 7.94 n.a. 11.43
1951 10.10 20.89 6.15 7.66 n.a. 13.79
1952 17.20 17.18 6.07 5.84 n.a. 16.18
1953 14.83 21.73 5.88 6.26 n.a. 15.04
1954 13.07 24.70 5.58 5.96 n.a. 12.07
1955 15.86 25.81 5.49 9.20 n.a. 13.12
1956 15.70 25.14 7.23 12.22 n.a. 12.55
1957 15.54 24.28 7.60 12.23 n.a. 12.94
1958 15.56 23.25 6.28 9.90 n.a. 10.66
1959 11.68 23.89 4.61 8.56 n.a. 10.12

1960 9.16 24.43 8.65 7.72 3.73 11.05
1961 6.95 24.38 7.43 6.54 3.50 9.70
1962 9.92 22.47 6.82 6.45 3.58 12.20
1963 13.00 22.90 7.18 8.06 3.61 13.53
1964 14.97 22.33 9.58 9.27 3.29 12.85
1965 8.12 21.03 8.52 9.15 3.20 12.69
1966 12.44 18.99 9.31 7.67 2.79 13.50
1967 12.86 21.14 7.69 8.90 2.97 16.79
1968 12.75 22.78 5.75 10.67 3.19 15.65
1969 15.35 25.09 6.22 7.75 3.68 15.75

1970 16.70 25.62 6.69 8.83 5.48 14.97
1971 17.77 29.80 7.86 9.69 5.15 11.84
1972 18.42 23.75 6.89 7.59 6.03 11.75
1973 20.81 21.71 8.45 8.48 7.07 14.02
1974 22.75 26.67 10.23 10.89 7.44 18.07
1975 23.43 28.86 8.67 8.90 9.35 12.89
1976 20.82 25.58 9.04 11.64 10.16 12.05
1977 21.46 28.43 12.22 12.02 10.54 18.47
1978 21.66 29.87 11.85 12.59 11.20 16.91
1979 22.45 27.88 9.29 10.41 12.44 17.40

1980 21.01 28.59 6.85 8.52 11.79 17.60
1981 22.96 26.62 7.08 9.66 11.34 13.56
1982 16.47 24.05 6.35 8.05 9.23 9.85
1983 17.56 18.60 6.68 6.94 10.47 9.76
1984 22.62 21.62 7.23 6.79 12.18 14.52
1985 24.21 21.76 6.59 5.93 11.25 12.80

(continued)
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Table 7D.1 (continued)

Year Mexico Nicaragua Paraguay Paiianaa Peru Veniezuela Urugguay

1950 13.18 8.60 2.92 18.42 13.34 11.75 15.60
1951 14.50 10.88 4.03 15.29 17.19 11.19 16.66
1952 15.44 12.58 5.61 13.99 19.03 13.95 15.41
1953 15.47 13.39 7.10 19.73 18.41 13.67 12.22
1954 15.77 14.52 5.72 15.85 13.42 14.51 15.07
1955 16.15 13.95 4.32 17.57 15.25 12.60 12.86
1956 18.76 12.87 4.14 20.23 17.55 12.06 11.63
1957 18.54 11.91 6.89 19.21 18.87 11.50 12.46
1958 16.61 11.52 6.39 21.16 15.76 11.62 9.08
1959 16.16 12.88 5.64 22.94 11.48 11.00 10.63

1960 16.87 11.27 6.78 19.32 13.65 7.39 11.49
1961 16.72 11.42 7.11 22.09 14.19 6.73 12.40
1962 15.86 13.06 6.60 22.82 14.39 6.53 11.06
1963 17.27 13.31 6.12 23.62 13.03 6.05 9,96
1964 18.50 15.97 6.58 20.79 13.07 7.38 8.29
1965 19.61 16.76 8.17 21.70 13.84 7.03 7.92
1966 18.93 17.83 9.22 26.34 16.16 6.67 7.91
1967 19.42 16.60 9.61 25.61 15.24 6.60 8.88
1968 18.82 14.46 8.87 26.98 10.39 7.81 7.80
1969 19.30 16.03 8.90 28.67 10.30 7.10 9.35

1970 20.48 15.97 7.87 30.93 10.40 7.70 9.52
1971 18.73 15.84 8.21 34.14 11.43 8.81 9.51
1972 19.09 10.86 8.98 36.66 7.70 9.15 8.36
1973 20.27 18.63 11.70 36.32 13.59 10.21 5.93
1974 22.35 22.70 12.12 33.82 17.79 11.42 6.86
1975 22.24 14.01 12.19 31.97 16.19 14.32 9.95
1976 20.86 13.57 13.88 31.11 13.82 15.63 12.51
1977 20.22 20.06 15.28 21.9(0 10.21 19.16 15.14
1978 20.84 9.46 16.87 24.83 8.96 19.60 17.27
1979 22.33 n.a. 18.60 25.51 8.79 18.60 21.20

1980 24.96 11.81 19.40 26.62 12.11 17.88 20.07
1981 26.60 17.96 19.81 28.14 13.70 19.00 20.08
1982 19.40 14.23 17.87 25.79 11.14 19.23 17.64
1983 15.05 12.23 18.09 22.41 8.97 12.24 13.38
1984 16.64 14.39 12.45 17.44 8.07 12.79 13.31
1985 18.05 11.8( 12.95 15.44 6.39 12.55 10.39

n.a. Not available.
Source: Sunumers and Heston (1988).
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Table 7D.2 Total gross investment as a share of GDP, 1970-88
(percent)

Countries 1970 1971 1972 1973 1974 1975 1976

Argentina 21.6 20.8 20.7 18.1 19.3 25.9 26.8
Bolivia 14.3 14.5 15.1 17.4 15.1 18.4 19.(
Brazil 23.8 24.7 25.2 25.8 27.9 29.6 26.7
Chile 16.4 14.5 12.2 7.9 21.2 14.0 12.8
Colombia 20.2 19.4 18.1 18.3 21.5 17.0 17.6
Costa Rica 19.4 22.1 21.9 n.a. n.a. n.a 23.5
Ecuador 16.6 21.8 18.0 17.6 18.2 23.2 22.2
Guatemala 12.5 13.3 13.0 13.9 14.8 15.7 20.6
Mexico 19.8 17.8 18.9 19.2 19.9 21.4 21.0
Paraguay 14.8 14.0 15.5 15.6 17.9 19.9 21.7
Peru 13.3 13.9 13.7 15.7 18.3 18.6 17.4
Uruguay 11.8 11.5 9.8 9.0 10.3 13.3 15.5
Venezuela 22.2 23.3 25.8 25.4 18.6 24.3 31.6

Counttries 1977 Z978 1979 7980 1981 7982

Argentina 27.3 24.4 22.7 22.2 18.8 17.0
Bolivia 19.1 20.2 16.6 14.3 16.6 13.8
Brazil 25.2 24.4 22.3 22.9 22.8 21.4
Chile 14.4 17.8 17.8 21.0 22.7 11.3
Colombia 18.8 18.3 18.2 19.1 20.6 20.5
Costa Rica 22.4 23.0 26.2 23.9 24.1 20.3
Ecuador 23.6 26.2 23.7 23.6 22.3 22.6
Guatemala 19.0 20.1 18.6 16.4 16.8 15.0
Mexico 19.7 21.2 23.7 24.8 26.4 23.0
Paraguay 23.4 25.2 27.3 31.0 30.9 27.2
Peru 15.7 14.2 14.1 17.1 19.0 20.4
Uruguay 15.2 16.0 16.2 16.7 15.8 15.1
Venezuela 38.8 42.5 31.5 25.3 24.4 24.1

Countries 1983 1984 1985 7986 1987 7988

Argentina 17.4 14.5 12.3 13.0 13.0 14.0
Bolivia 16.4 8.7 7.4 9.5 10.2 13.5
Brazil 17.9 16.5 17.0 19.2 22.3 23.2
Chile 9.8 13.6 13.7 14.6 16.9 17.0
Colombia 19.9 19.0 19.0 18.0 19.3 19.6
Costa Rica 18.0 20.1 19.3 18.6 19.9 18.3
Ecuador 16.5 15.4 16.1 18.8 22.8 21.1
Guatemala 10.5 9.6 11.0 10.1 12.2 13.6
Mexico 17.6 17.9 19.2 19.4 18.9 18.5
Paraguay 25.6 21.6 20.7 23.6 23.7 23.1
Peru 23.7 22.6 22.4 23.3 23.6 28.5
Uruguay 11.0 9.3 7.5 7.9 9.0 9.6
Venezuela 16.7 16.4 16.8 19.0 19.1 21.5

n.a. Not available
Source: World Bank
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Table 7D.3 Share of gross investment in GDP, Chile, 1957-88
(percent)

Banco Central de Chile
Nominal Real
fixed Nominal fixed Real
capital gross capital gross Summers

fornation! inviestnientt fornationi investment and World
Year nomtinTal GDP inominal GDP Ireal GDP Ireal GDP Heston Bank

1957 n.a. n.a. n.a. n.a 30.67 n.a.
1958 n.a. n.a. n.a. n.a. 29.85 n.a.
1959 n.a. n.a. n.a. n.a. 27.87 n.a.

1960 14.7 14.0 20.7 14.6 33.33 n.a.
1961 15.1 15.3 20.0 n.a. 35.69 n.a.
1962 15.2 12.5 21.4 13.9 34.18 n.a.
1963 16.1 14.9 23.1 15.6 36.05 n.a.
1964 15.3 14.2 21.4 18.6 33.70 n.a.
1965 14.7 14.9 19.9 17.9 34.83 n.a.
1966 14.2 16.3 18.5 23.1 33.94 n.a.
1967 14.2 16.1 18.3 20.3 31.98 n.a.
1968 14.7 16.3 19.3 21.3 32.99 n.a.
1969 14.3 15.1 19.6 22.0 34.03 n.a.

1970 15.0 16.4 20.4 23.3 33.93 16.4
1971 14.6 14.5 18.3 20.8 31.55 14.5
1972 13.1 12.2 14.8 15.2 26.88 12.2
1973 12.8 7.9 14.7 14.3 26.99 7.9
1974 16.9 21.1 17.4 25.8 32.01 21.2
1975 17.7 13.1 15.4 14.0 18.55 14.0
1976 13.3 12.8 12.7 13.6 21.27 12.8
1977 13.3 14.4 13.3 14.4 25.14 14.4
1978 14.7 17.8 14.5 16.5 28.86 17.8
1979 14.9 17.8 15.6 19.6 30.55 17.8

1980 16.6 20.9 17.6 23.8 35.52 21.0
1981 18.6 22.7 19.5 27.6 35.24 22.7
1982 14.6 11.3 15.0 11.1 20.44 11.3
1983 12.0 9.8 12.9 9.3 21.53 9.8
1984 12.3 13.6 13.2 15.3 22.28 13.6
1985 14.2 13.7 14.8 14.0 21.68 13.7
1986 14.6 14.6 15.0 15.1 n.a. 14.6
1987 16.0 16.9 16.5 17.9 n.a. 16.9
1988 16.3 17.0 17.0 18.1 n.a. 17.0

n.a. Not available.
Source: Banco Central de Chile (1990), Summers and Heston (1988), and World Bank.
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Table 7D.4 Share of gross investment in GDP, Brazil, 1970-88

Conttas Nacionais
Su mmers

and Heston,
Nominal Real Real Real real
capital capital variation gross gross

formation/ formation ofstocks investment investmenit World
Year nominal GDP /real GDP /real GDP /real GDP /real GDP Banka

1970 20.6 18.8 0.9 19.7 24.35 23.8
1971 21.3 19.9 0.7 20.6 24.89 24.7
1972 22.2 20.3 0.7 21.0 24.67 25.2
1973 23.6 20.4 1.4 21.8 26.62 25.8
1974 24.7 21.8 2.2 24.0 28.88 27.9

1975 25.8 23.3 2.4 25.7 30.30 29.6
1976 25.0 22.4 0.7 23.1 27.69 26.7
1977 23.6 21.3 1.0 22.3 25.50 25.2
1978 23.5 22.3 0.6 22.9 24.29 24.4
1979 22.9 23.4 -0.2 23.2 22.65 22.3

1980 22.9 22.9 0.4 23.3 23.31 22.9
1981 22.8 21.0 0.2 21.2 19.71 22.8
1982 21.4 19.5 -0.3 19.2 18.79 21.4
1983 17.9 16.9 -1.5 15.4 16.51 17.9
1984 16.5 16.1 -1.1 15.0 15.55 16.5

1985 17.0 16.7 n.a. n.a. 16.07 17.0
1986 19.2 19.0 n.a. n.a. n.a. 19.2
1987 22.1 18.1 n.a. n.a. n.a. 22.3
1988 21.8 17.3 n.a. n.a. n.a. 23.2

n.a. Not available.
a. Until 1980 World Bank nominal shares include increases in stocks. From 1980 on they are
approximately the same as column 1.
Source: Brazil, Fundacao Getulio Vargas (June 1990), Summers and Heston (1988), and World
Bank.
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Table 7D.5 Public investmnent as a percent of GDP in Latin America,
1970-88

Countries 1970 197] 1972 1973 1974 1975 1976

Argentina 8.2 7.8 8.4 7.3 8.3 8.8 12.9
Bolivia 8.0 8.7 8.9 6.5 5.l 7.5 10.6
Brazil 7.2 6.5 7.6 6.1 8.2 8.7 10.6
Chile 6.9 8.0 7.7 7.4 12.0 10.7 8.0
Colombia 5.7 6.4 5.8 7.0 5.2 5.2 5.5
Costa Rica 4.4 5.7 6.8 n.a. n.a. n.a. 8.4
Ecuador 6.7 7.1 6.6 6.8 8.0 8.7 9.2
Guatemala 2.4 2.9 3.2 3.4 2.9 3.5 6.6
Mexico 6.6 4.6 6.1 7.5 7.6 9.0 8.2
Paraguay 4.0 3.7 4.5 3.3 2.7 4.2 8.1
Peru 3.6 3.4 4.1 4.6 7.8 6.6 5.8
Uruguay 3.0 3.2 2.3 1.9 2.6 4.6 6.5
Venezuela 5.2 5.4 9.8 9.0 6.0 8.5 13.0

Countries 7977 1978 7979 7980 7987 7982 7983

Argentina 12.9 11.9 10.2 9.2 9.4 8.1 9.5
Bolivia 12.2 13.4 9.7 7.0 11.1 7.8 11.4
Brazil 9.5 10.8 7.7 8.1 9.0 8.3 6.5
Chile 6.9 6.4 5.2 5.4 5.4 5.4 5.4
Colombia 9.1 6.8 5.8 7.6 8.6 9.4 8.9
Costa Rica 8.2 7.4 8.9 9.2 8.9 7.2 6.4
Ecuador 10.2 9.4 9.2 9.5 10.6 9.6 7.9
Guatemala 5.9 5.6 6.3 6.7 8.4 6.3 4.6
Mexico 7.8 8.4 10.2 10.9 11.7 10.3 7.6
Paraguay 7.2 6.8 6.0 5.3 5.2 4.8 8.3
Peru 4.9 3.7 4.6 5.6 6.4 7.9 6.8
Uruguay 7.0 8.0 6.5 5.3 5.1 7.2 4.1
Venezuela 15.2 18.0 13.4 12.3 14.6 16.4 11.7

Countries 1984 7985 7986 1987 1988

Argentina 7.6 6.8 7.0 6.2 6.0
Bolivia 3.7 3.7 4.9 6.3 8.2
Brazil 6.0 6.3 6.4 6.9 7.2
Chile 6.4 7.0 7.5 6.9 7.0
Colombia 9.0 9.6 8.6 8.4 8.1
Costa Rica 6.4 7.0 5.8 4.8 3,2
Ecuador 6.4 6.6 9.0 9.0 7.9
Guatemala 3.8 2.7 2.0 2.8 2.8
Mexico 7.1 7.0 6.1 5.4 2.6
Paraguay 8.0 5.7 4.8 4.3 4.8
I'eru 7.5 6.6 5.5 6.0 6.0
Uruguay 4.1 3.0 3.2 3.2 3.4
Venezuela 7.4 6.4 7.2 7.5 7.4

n.a. Not available.
Softrce: World Bank.
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Figure 7D.1 Gross investment and fixed capital formation, Chile, 1965-88
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Figure 7D.2 Nominal and real investment shares, Chile, 1965-85
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Figure 7D.3 Share of real investment in real GDP, Chile, 1965-85
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Figure 7D.5 Share of Fixed Capital Formation in GDP, Brazil, 1970-1988
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Geografia e Estatistica, which is responsible for the Contas Nacionais
published in Conijuntitra Econlomtlica, recommends that the new data not be
linked with those of different series. Also observe that there is no informa-
tion on the variation in stocks after 1985. The only data after 1985 are for
fixed capital formation, not total investment. Comparison of the first and
last columns in table 7D.4 shows that the World Bank links data for total
investment between 1970 and 1979 with data for fixed capital formation
between 1980 and 1986.

Figure 7D.4 compares the shares of real total investment in real GDP
reported by Summers and Heston with the information reported by Contas
Nacionais, Contjun tutrn Ecotornica. After 1978 the two sources reportalmost
the same numbers. Summers' shares are larger in the 1970s and thus show
a much bigger decline in the real share of investment in the 1980s relative to
the 1970s than is true for the data recorded by Conjiunttra Econo?nica.

Figure 7D.5 shows real and nominal shares as reported by Conjuintiura
Econornica. They broadly follow the same pattern until 1986. Inflation
accelerated after 1986, and relative prices moved significantly. The price of
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investment goods increased less than the price of other components of GDP
in 1987.

Table 7D.5 shows public investment as a percent of GDP in 13 Latin
American countries.

Notes

1. I thank Rudi Dombusch, Luis Serven, and Andres Solimano for their
comments and suggestions.

2. See Williamson (1990) fora discussionof theextent towhich adjustment
has occurred in Latin America.

3. Appendix 7-2 uses a model of a small open economy with flexible
exchange rates and four assets to discuss the dynamics of both the real
price of capital and the real exchange rate in response to different
shocks, including a change in monetary policy and an increase in
external interest rates.

4. Since1989, however, theBraziliangovernmenthasletthereaI exchange
rate appreciate in an attempt to control inflation (figure 7-3). For the
time being it has been able to live with the overvaluation by sticking to
the external debt moratorium.

5. They expected this policy to lower inflation in three ways: by reducing
the rate of inflation of import prices; by imposing discipline on price
setters, who would have to competewith cheaper imports; and by provid-
ing a benchmark to which expectations about inflation could converge.

6. Murphy (1 989) differs from Cardoso (1983) and Gavin (1989) by leav ing
aside the monetary question and allowing for capital accumulation in
the context of an explicitly optimizing model.

7. Regressions that include both the terms of trade and the real exchange
rateleadtosimilarresults. Neitherthesignificanceofthetermsoftrade
nor the lack of significance of the real exchange rate is affected when
both variables are included in the same equation.

8. See regressions for 24 developing countries in Blejer and Khan (1984).
They find that the degree of capacity utilization and availability of
credit have an important positive effect on private investment. They
also find evidence that public investment in infrastructure crowds in
private investment.

9. High coefficients of the variable standing for change in output in
investment regressions are considered excessive because part of the
fluctuations in output is transitory.

10. Observe that H < B. In economies where prices move very slowly, the
possibility of undershooting arises. For this perverse case to obtain, the
elasticity of aggregate demand relative to the real price of capital has to
be large enough to generate an expansion in income and thus an
increase in the demand for money that exceeds the initial expansion in
real balances.

11. Latin America includes 20 counitries. Table 7D.1 excludes Cuba.
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Investment and Macroeconomic Adjustment:
The Case of East Asia

Felipe Larrain
and

Rodrigo Vergara

Every success in East Asia has unique features that have led some analysts
to see each one as a special case.' Others have attempted to generalize and
find thecommon East Asianpattern. Itwould benice to beable to claim that
all the countries had pursued a singlestrategyand that strategy was the key
to economic development. That claim would, however, be mistaken.
Further, it would not be accurate to describe all the successes as the victory
of free enterprise, as Milton Friedman has argued:

...every successful country (Taiwan, South Korea, Singapore,
Hong Kong, Japan) has relied primarily on private enterprise
and free markets to achieve economic development. Every
country in trouble has relied primarily on government to guide
and direct its economic development. (Friedman 1983, 96, and
as quoted in Sachs 1985)

In fact, only Hong Kong is a pure case of a free market with minimal
government intervention.

Mostanalysts of East Asia tend to agree that the pictureis more complex
than that free market scenario. Governments there have used industrial and
trade policies widely, and state intervention has been important (see, for
example, Sachs 1985; Dornbusch and Park 1987; Sachs and Sundberg 1988;
Collins 1988a; Collins and Park 1989), although with significant variations
across countries. Even Lee Kuan Yew, the former prime minister of
Singapore, described his country-although he was surely exaggerating-
as a case of "socialism that works" (as quoted in Sachs and Sundberg 1988,
6). In reality, for the most part thepolicies pursued can bebroadly described
as "inspired intervention." The economic authorities have directly affected
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the allocation of resources through credit guidelines and trade restrictions.
Nonetheless, they have generally respected basic economic principles such
as fiscal and monetary restraint and have let the private sector take the
leading role in the economy. Their intervention has tended to be pro-export,
as opposed to the import-substituting bias in Latin America.

In spite of their differences, there are still factors common to almost all
the successful East Asian economies. They share such elements as competi-
tive real exchange rates, a stable macroeconomic environment, high saving/
investment ratios, relatively low degrees of income inequality, and rapid
response to external shocks, all of which have been identified as keys to their
success (see Kuznets 1988; Sachs 1985; Sachs and Sundberg 1988; Collins
and Park 1989; Lin 1988; and Serven and Solimano 1990a, 1990b for a more
detailed analysis of these and other points, also chapter 2 and 6, this volume).

One of the most impressive features of the East Asian economies has
been their ability to maintain very high rates of investment. Beyond any
doubt this factor has been crucial in determining their growth performance
over the past three decades. This chapter presents an explanation of the
evolution of investment in East Asian economies for the period from the
early 1960s to the late 1980s. In particular, it identifies the determinants of
private investment and measures its response to different variables.

The next section discusses the macroeconomic background of four East
Asian economies-Korea, Singapore, Thailand, and Malaysia-over the
last few decades. The following section describes the evolution of invest-
ment,distinguishingamongseveralcategories (publicand private, machin-
ery and equipment, infrastructure, and tradable and nontradable) and the
sou rces of financing for investment. The fourth section presents an analysis at
a conceptual level of the effect of different variables on investment; it draws a
distinction between macroeconomic policies and structural variables. An
econometric analysis of private investment is the subject of the subsequent
section. Some conclusions and policy recommendations close the paper.

Macroeconomic background

This section briefly describes the macroeconomic background of the four
countries covered in this chapter.' The choice of countries was determined
largely by the availability of data: since the main purpose was to study
investment in East Asia, only countries with reliable and sufficiently long
series of private and public investment were included. This prerequisite
disqualified other interesting experiences such as those of Hong Kong,
Indonesia, and Taiwan. Occasionally, however, reference is made to other
countries.

Tables 8-1 to 8-4 present a summary of the major macroeconomic
indicators for each of the four countries, averaged over relevant subperiods.
The latter were chosen to coincide either with a change in policies or with
intemal or external events in each country that had an important impact on
the economy.
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Korea

After the devastation of the Korean War, in which about one million people
died, the country pursued an inward-oriented economic strategy sup-
ported by massive flows of American aid. The results, however, were
disappointing. Political turmoil at the beginning of the 1960s gave way in
1961 to a military coup led by General Park Chung Hee.

General Park held power for the next 18 years, presiding over a massive
transformation of the economy. In 1962 Korea started to organize its long-
term economic policy according to five-year plans. The primary objective
of the first plan was to switch from an import-substitution model to an
active export-promotion strategy. To achieve this objective, the plan
identified key variables that would have to be emphasized. First among
these was a strong emphasis on investment. Other key parts of the plan
were heavy intervention by the government in the credit market and an
industrial policy to promote the tradable sectors. These policies were
combined with moderate liberalization of trade. The authorities also
recognized early on that overall macroeconomic stability and a high and
stable real exchange rate to maintain external competitiveness were essential.

The results of this first phase were so good that they must have
surprised even the strongest advocates of the new policy. Gross domestic
product (GDP) grew at an average yearly rate of 9.8 percent between 1964
and 1969, which amounted to growth in per capita GDP of 6.9 percent a year
(table 8-1). Exports increased from US$87 million in 1963 to US$658 million
in 1969, a 40).2 percent yearly increase.3 Inflation was relatively high,

Table 8.1 Korea's major economic indicators

Inidicate rsa 1964-69 1970-72 1973-78 1979-82 1983-88

GDP growth rate (%) 9.8 8.0 10.6 4.4 9.9
Percapita CDl growth rate(%) 6.9 5.8 8.8 2.7 8.7
Export growth rate (%)b 40.2 36.8 42.6 13.5 19.8
Inflation (CPI) (%) 16.6 13.7 15.5 18.9 3.5
Current account deficit (°' of GDP) 3.7 6.4 4.2 6.3 -2.7
Fixed investment (% of GDP)c 20.0 22.5 25.9 29.6 28.5
Domestic saving (% of CDI))d 17.8 17.8 23.8 24.5 32.4
External debt (% of GDII) 15.0 31.3 33.4 43.3 42.8
Real exchange rate (1980=100) 90.5 89.4 108.1 95.6 110.4

a. Every figure corresponds to the average of the period.
b. Export growtli rate refers to growth in dollar terms.
c. Fixed investment (39/ of CDP) in current prices.
d. Domesticsaving(%ofGDP)inccurrent prices. Definedastotalinvestmeit (fixed pluschange
in stocks) miniis the current accoLuit deficit.
Sourct: International Monetary FLund (various issues, Interntational Finiancial Statistics), World
Bank data base, and Collins anid Park (1989).
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however, reachingan averageof 16.6 percenta yearduring the same period.
The current account was almost balanced for two years but then started
showing a deficit that reached 7.5 percent of GDP on average during 1968-
69. Fixed investment surged from 11.4 percent of GDP in 1964 to 26.1
percent in 1969. Given that saving did not grow as fast, the government
financed the current account deficit with foreign credits. As a result,
external debt went from 6.2 percent of GDP in 1964 to 27.5 percent in 1969.
After two years in which growth slowed (to 7.6 percent a year on average
during 1971-72) and savingdropped, thegovernment decided to amend the
economic strategy. It sensed that Korea's competitive position in the world
markets would be eroded if the heavy focus on light manufacturing was
maintained. In 1973 the authorities initiated a new phase known as the "Big
Push," an industrialization program directed toward the creation of heavy
and chemical industries (for a detailed description see Collins and Park
1989). To this end the government increased its involvement in the
economy, especially through selective credit practices and import restric-
tions. When the first oil shock hit, Korea relaxed its monetary and fiscal
policies. At the same time, and unlike manydevelopingcountries, it passed
the increase in theworld priceofoil on to domestic prices. Inflation climbed
to 24.8 percent in 1974-75, while the budget deficit reached over 4 percent
of GDP. Saving fell. Since investment did not decline, the gap was again
financed through external borrowing. The current account deficit reached
10.8 percent of GDP in 1974 and 8.9 percent in 1975.

Thus Korea, by pursuing a combination of expansive internal policies
and external borrowing, made it through the first oil shock relatively
unscathed. In 1976 GDP started to grow again at rates of over 10 percent.
By 1978 fixed investment had surpassed 30 percent of GDP, while an
amazing surge in domestic saving resulted in a drop in the current account
deficit, which fell to 2.2 percent of GDP in 1978. The pace at which external
debt was accumulating was reduced that year. The real exchange rate
appreciated, and real wages increased beyond the rise in productivity
toward the end of the 1970s.

The government instituted a change in strategy in 1979. Concerned
about the distortions introduced during the "Big Push" era and about a
stubborn rate of inflation, it decided to implement a program of gradual
reduction of regulations and of fiscal and monetary restraint. However,
internal problems and the second oil shock led to bad times. In 1980 GDP
fell 3 percent, the first drop in output since the 1950s, and Korea faced a debt
crisis. Fears that a big recession would bring an end to the "miracle" began
to arise.

Once more Korea decided to apply expansionary internal policies and
to use external borrowing to overcome the situation. In the period 1979-82
thecurrent accountdeficit was, on average,6.3 percentof GDP. The budget
deficit surpassed 4 percent of gross domestic product (GDP) in 1981 and
1982 (4.7 percent and 4.4 percent respectively), and inflation averaged 18.9
percent. By 1982 external debt had climbed to more than 50 percent of GDP.
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In 1983 Korea resumed its path of high growth. Between 1983 and 1988
GDP grew 9.9 percent annually. After two decades of deficits in 1986 the
current account ran its first surplus, which reached 8.1 percent of GDP in
1987and 1988. Some problems surfaced after 1988, particularly labor unrest
and sharp increases in wages at the end of the authoritarian period and
during the first years of the new democratic government. Nonetheless,
GDP growth has continued at rates that Latin America would envy,
although they were lower than what Korea was used to. External debt fell
so dramatically that it would be incorrect to call Korea one of the highly
indebted countries, a league to which it once belonged.

In summary, Korea's economic performance over the last three decades
has been extraordinary. High rates of investment, saving, and growth,
combined with external borrowing when necessary, have been some of the
elements of Korea's success.4 The promotion of exports has always been a
top priority (in 1988 exports of goods and services were almost $60 billion,
about 700 times their dollar value in 1963). The government has played a
fundamental role in this strategy. Industrial and trade policies that promote
the tradable sector have been the norm. In addition, the importance of a
stable macroeconomic environment cannot be minimized. An excellent
exampleof this stability has been the small variance in the real exchange rate
(see table 8-1).

Korea's experience has not been without problems. The most serious
came in 1979-80. What is most impressive about the country, however, has
been its ability to overcome these problems rapidly and to resume growth.

Singapore

Singapore, as is true of Hong Kong, is a city-state. A young nation with a
small population (2.7 million people in 1988) and an excellent geographic
location between the Indian Ocean and the South China Sea, Singapore
started its own government under British tutelage in 1959. In 1965 itbecame
fully independent following its expulsion from the Malaysian Federation
(which included Malaya and the British-controlled parts of Borneo). One
prime minister, Lee Kuan Yew of the Peoples Action Party, led the country
from 1959 to November 1990. During this period Singapore experienced
breathtaking economic growth. Whereas in 1965 per capita GDP was
US$1,753, by 1988 it was US$11,680 (Summers and Heston 1988).5

As in the case of Korea, Singapore has pursued an outward-oriented
development strategy. In both cases, foreign capital has been crucial to
financing investment. In Singapore, however, foreign investment was the
most important form of foreign financing, whereas in Korea it was external
credits. As a resultof Singapore's policy of encouraging foreign investment,
foreign firms accounted for 63 percent of manufacturing value added, 83
percent of manufacturing exports, and 70 percent of investment commit-
ments to manufacturing in 1983 (Islam and Kirkpatrick 1986).

Singapore shifted to an export-led growth economy well before Korea
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did. By 1965 exports of goods were alreadly 95 percent of GDP, and in 1988
the ratio of exports to GDP reached 155 percent, a level that made this city-
state the most open economy in the world.

In 1967, two years after the Malaysian Federation expelled Singapore,
Britain announced the end of its military presence. This decision posed a
problem because the British employed about 20 percent of the labor force
(Krause 1988). A concerned government decided to take a much more
active role in the economy and to push for industrialization. Low wages, a
large supply of relatively skilled labor, and open access to foreign investors
made Singapore an ideal environment for foreign firms. Multinationals
established themselves there and1 exported their prod uction to the restof the
world.

The first stage was an astounding success. Between 1965 and 1973 per
capita GDP grew at an average rate of 10 percent per year, manufacturing
productionat20percent(table8-2). Grossfixedinvestment"wentfrom21.1
percent of GDP in 1965 to an average 36.5 percent for the three years 1971-
73. Given that saving was relatively low in this first phase, the government
financed the resulting gap on the current account mostly through foreign
investment. External credits were relatively unimportant, and the accumu-
lation of foreign debt was low. In sharp contrast to Korea, Singapore was
able to keep inflation at very low levels: the average rate for 1965-73 was 3.3
percent, and only in 1973 did it climb to 10 percent.

In the early 1970s the rapid economic expansion produced a tightening
of the labor market. The government, fearing an uncontrolled increase in

Table 8.2 Singapore's major economic indicators

Indicatorsu 1965-73 1974-75 1976-84 1985-88

CDP growth rate(°) 12.1 5.2 8.4 5.0
Per capita GDP growth rate (%) 10.0 3.6 7.1 3.7
Export growth rateb (%) 18.1 27.0 18.7 15.3
Inflation (CPI) % 3.3 12.5 3.8 0.3
Current account deficit (%o of GDII) 13.9 15.1 7.3 -3.2
Fixed investment (% of GDIP)C 28.0 37.1 41.0 37.5
Domestic saving (%O of CDlP)d 17.1 26.0 36.7 42.4
External debt (% of GDP)eC n a. 10(n 11.9 11.6
Real exchange rate (1980=100) n.a. n.a. 94.6 105.8

n.a. Not available
a. Every figure corresponds to the average of the period.
b. Export growth rate refers to growth in dollar terms.
c. Fixed investment ('.% of GDP) in current prices.
d. Domestic saving (% of GDP) in currenit prices. Defined as total investment (fixed plius
change in stocks) minus the currenit accounwt deficit.
e. Externial debt includes public and publicly gtiaraniteed debt only.
Source: InteTnationial Monetary Ftund (various isSues, International Fin}acial Statistics), World
Bank data base, and Collirls and Park (1989).
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wages, created the National Wages Council in 1972. Formed by represen-
tatives of workers, entrepreneurs, and the government, its main mission
was to recommend wage increases that would maintain thecountry's exter-
nal competitiveness. After the introduction of the New Economic Policies
in 1979, the Wage Council started to suggest much larger wage increases.
The objective was to move production out of low-skill, labor-intensive
processes so as to reduce the economy's dependence on foreign workers.

The world recession caused by the first oil shock slowed Singapore's
economy. In 1974-75 output grew at 5.2 percent a year, inflation reached
22.4 percent in 1974, and the current account deficit increased. After two
years, however, in 1976, high growth resumed, and inflation fell to its
previous level of 3-4 percent.

Singapore did not suffer the debt crisis of the 1980s, and its economy
performed impressively until 1984. In that year saving climbed to more
than 46 percentof GDP,a world record. Then in 1985 thecountry suffered
its first recession since 1964, with output falling 1.6 percent. Although high
growth resumed only in 1987, in 1986Singapore did achieve its firstcurrent
account surplus since 1966.

One effect of the 1985-86 crisis was to make many people wonder
whether the government should lessen its involvement in the economy
(Krause 1988). One of the often cited reasons for the 1985 recession was the
government's policy of promoting large wage increases, a policy it had
pursued since theend of the 1970s. It reduced Singapore's competitiveness
in the very industries in which the country had been successful. The
government reversed the policy soon after the recession.

Since its independence Singapore has had high rates of growth, high
and increasing rates of saving and investment, and very low inflation. The
economy has flourished in a regime of unrestricted capital mobility and
virtually total openness to trade under a fixed exchange rate. Despite
government involvement in other areas, it basically left trade to the market-
place. In 1988 total exports of goods were about $38 billion, with more than
70 percent of them comprised of manufactured goods (compared with a less
than 30 percent share in 1963). In addition, Singapore is recognized for its
macroeconomic stability, an achievement that has yielded a high level of
confidenceon the partof business. At thesame time thecountry has shown
great ability to adapt to external shocks.

Thailantd

In contrast to Singapore (and to a lesser extent Korea), Thailand is a
resource-abundant country, with important reserves of tin, coal, iron,
manganese, natural gas, and precious stones (especially sapphires and
rubies). Agricultural land covers about 40 percent of its territory, forests
almost another 30 percent. Despite its abundance of natural resources,
Thailand has successfully managed a transition from a mostly agrarian to
a modern economy based mainly on industry and services.
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Thailand's growth performance over the last two decades is impressive
by almost any standard, although it is not as high as Korea's and Singa-
pore's. 6 Its 7.2 percent average rate of growth from 1965 to 1988 was still
more than 1.5 percent lower than that of the other two countries. In per
capita terms the difference is larger because of Thailand's higher rate of
population growth. The country has also been successful in keeping
inflation under control. Except for theyears immediately following the two
oil crises, inflation has been one-digit. Starting in 1959 and up to the early
1970s, Thailand implemented an import-substitution strategy. Low wages,
tax exemptions for imported machinery, and guarantees against national-
ization and competition from state enterprises encouraged domestic and
foreign investment. In contrast to other countries that pursued import
substitution, however, the government kept tariff rates relatively low-
they ranged from 15 percent to 30 percent in this period. The Thai mix of
import substitution and strict fiscal policies produced much better results
than elsewhere, especially in Latin America. GDP grew at an average rate
of 7.7 percent a year from 1960 to 1970, with the manufacturing sector
leading theway. The government began to shift toward an industrial policy
of export promotion in the early 1970s. Since 1972, for example, investment
incentives started to discriminate in favor of exports. Exports grew an
average of 14.5 percent a year between 1965 and 1976, although most of this
growth occurred in the period 1971-76. The first oil shock, combined with
the decline in American military spending in Vietnam, proluced a slow-
down in Thailand's economy. Growth dropped to 4.6 percent in 1974-75,
and inflation peaked at 24.3 percent in 1974 (table 8-3). In 1976, during the
fourth economic plan, Thailand moved further along the export promo-
tion path.

The second oil shock did significant damage to the Thai economy.7 In
the beginning Thailand resorted to external borrowing to solve the prob-
lem, and the current account deficit climbed to 7.1 percent of GDP on
average during 1979-81. Although growth declined a bit, external borrow-
ing kept it at reasonable levels. Inflation went up-to 14.1 percent on
average-but never reached worrisome proportions. Implementation of a
sound set of macro policies-a willingness to adjust-and the low initial
ratio of external debt to GDP allowed Thailand to obtain support from
official lenders and thus to finance its current account deficit at a relatively
low cost.

In 1984 the government devalued the baht to restore competitiveness,
after a period of mild appreciation. Helped by the fall in oil prices during
1986, Thailand had its first current account surplus in 20 years. By the end
of the 1980s the problems of the first part of the decade seemed mostly
overcome. Between 1985 and 1988 exports more than doubled. Private
investment was booming, and saving was on the rise. Growth was strong
and inflation low.

A dominant characteristic of Thailand's economic performance has
been the stability of its macroeconomic variables. Growth, for instance, has
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Table 8.3 Thailand's major economic indicators

Indicatorsa 1965-73 1974-75 1976-78 1979-81 1982-88

GDP growth rate (%) 8.2 4.6 9.9 5.5 6.4
Per capita GDP growth rate (°'%) 4.9 1.9 7.2 3.1 4.4
Export growth rateb (%) 12.1 24.6 23.3 19.9 13.8
Inflation (CPI) (%) 3.7 14.8 6.5 14.1 2.9
Current account (% GDP) 1.5 2.4 4.3 7.1 3.2
Fixed investment (% GDP)C 22.4 23.1 24.7 25.2 23.8
Domestic saving (O/o GDP)d 22.7 24.3 22.1 19.5 21.3
Extemal debt (% of GDP) 10.0e 8.8 15.9 27.0 39.4
Real exchange rate (1980=100) 96.3e 99.9 103.5 101.8 108.1

a. Every figure corresponds to the average of the period.
b. Export growth rate refers to growtlh in dollar terms.
c. Fixed investment (% of GDP) in curren-t prices.
d. Domestic saving (%ofGDl) in current prices. De>fi ned as total investment (fixed pluschange
in stocks) minus the current account deficit.
e. Average 1970-73.
Source: International Monetary Fund (various issues, Internationial Financial Statistics), World
Bank data base, and CoUins and Park (1989).

never been under 3.5 percent since 1965. Investment and saving have been
very steady, the former at around 24-26 percent of GDP and the latter 2 or
3 percentage points below (with the exception of 1966 and 1986). The eco-
nomy's almost permanent current account deficit has resulted in an exter-
nal debt that grew from 10 percent of GDP in 1970 to 41 percent in 1986-88.

Thailand's story is similar to that of Korea and Singapore. High rates
of growth and investment, increased saving,and low levels of inflation have
characterized this economy. Although the government financed the gap
between investment and saving with external borrowing and external debt
has reached significant proportions, the growth of exports has prevented it
from becoming an issue to the extent it is in, for instance, Latin America.

Malaysia

Malaysia isa multiracial society in which the Malays constituteslightlyover
half the population and the Chinese and Indians are very significant
minorities. The racial situation has, as discussed below, been a central
concern of Malaysian society.' The country is also endowed with a wealth
of natural resources that still form the vast majority of its exports (rubber,
tin, petroleum, timber, and palm oil).

Malaysia's growth has been the lowest of the four East Asian countries
reviewed here. Since 1970 the average rate of GDP growth has been 6.7
percent, for a rate of per capita growth of 3.9 percent a year.9 Although this
rate of growth seems poor compared with that of Korea, Singapore, and
even Thailand, it would be enviable in almost any other region of the world.
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Since independence in 1957 the Government of Malaysia has been
pursuing a strategy of structural change, attempting to move from a rural-
to an industry-based economy. In the early years the approach was to
provide fiscal and financial incentives for industrial investment, as well as
tariff protection. Since the 1970s the government has decided to speed the
process by investing directly in some industries. It has also lowered the
level of tariff protection.

The New Economic Policies introduced in 1970 not only set a goal of
transforming the traditional rural economy into a modem one by the 1990s,
it also intended to reduce poverty and the inequality of income, variables
that in the case of Malaysia were correlated with race."0 Indeed, the majority
race, the Malays, has the highest incidence of poverty compared with other
racial groups (especially the Chinese).

Malaysia's sound economic policies, such as the open trade regime,
commitment to growth, and low levels of inflation, have, despite govern-
ment intervention, kept government-induced distortions at a relatively low
level. As in Thailand, the early years (until the mid- to late 1960s) were
characterized by an import-substitution strategy. Since then exports have
played the leading role in the economy. Among them, manufactured
exports have become increasingly important, going from 4 percent of
merchandise exports in 1960-64 to more than 20 percent in the early 1980s.
Primary products (such as rubber, palm oil products, timber, and petro-
leum) are still, however, the main sourceof foreign earnings, accounting for
about 70 percent of the total.

One distinguishing feature of Malaysia's economy has been its current
account. Since 1965 the current account in Malaysia has run a surplus in
moreyears than not. ltdid,however, run deficits forsix years in a row (1980-
85), and by 1986 they had raised external debt to about 80 percent of GDP.
Surpluses in the years since have reduced this ratio to less than 60 percent.
In contrast, Korea, Singapore, and Thailand experienced current account
deficits for about two decades and only reversed that pattern in the late 1980s.

The first decade and a half of the National Economic Policies was a big
success. A high rate of growth (7.6 percent on average between 1971 and
1984), a low level of inflation (it reached twodigits only in 1974-75), climbing
exports (more than a tenfold increase between 1970 and 1984), and gross
fixed investment that averaged 28 percent of GDP (financed almost entirely
by domestic saving) are evidence of this golden period. In the early 1980s,
however, some imbalances began to develop. Large current account
deficits (11.6 percentofGDPon averageduring 1981-86), big budgetdeficits
(22 percent of GDP in 1981), a corresponding increase in domestic and
external debt, and an increasing setof policy-induced distortions were signs
that something was wrong.

The recession of 1985-86, during which per capita GDP fell 4.1 percent
and 1.5 percent respectively, convinced the govemment that deep changes
were necessary. A first step was to implement policies to recover
macroeconomic stability, such as a reduction in the budget deficit (which
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Table 8.4 Malaysia's major economic indicators

Indicatorsa 1971-80 1981-84 1985-86 1987-88

GDP growth rate (%) 8.0 6.7 0.1 7.0
Per capita GDP growth rate (%) 5.0 4.1 -2.8 4.4
Export growth rateb (°,,%) 25.3 6.9 -8.6 23.8
Inflation (CPI) (%) 6.0 5.8 0.5 1.5
Current account deficit (% of GDP) 0.5 10.0 0.9 -6.8
Fixed investment (% of GDP)C 26.1 35.1 28.1 23.5
Domestic saving (% of GDP) 25.7 25.1 27.2 30.3
External debt (% of GDP) 19.8 50.5 72.3 65.5
Real exchange rate (1980=100) 101.8 108.8 101.5 83.7

a. Every figure corresponds to the average of the periods.
b. Export growth rate refers to growth in dollar terms.
c. Fixed investment (% of GDP) in current prices.
d. Domestic saving (%ofGDP) in current prices. Defined as fixed investment minus the current
account deficit. Hence, it excludes the change in stocks.
Source: Internationial Monetary Fund (various issues, Internationtal Financial Statistics), World
Bank data base, and Collins and Park (1989).

had fallen to about 5 percent of GDP by 1987) and a prudent monetary
policy. These austerity measures resulted in a current account surplus (6.8
percent of GDP on average during 1987-88), very low rates of inflation (1.5
percent on average during the same period), and a rate of saving that
climbed to 30.3 percent of GDP (table 8-4). The second-and most pro-
found-step was the implementation of a program of structural reforms.
Among the steps the government has been taking are liberalization of the
foreign investment code; reform of major public enterprises, with the
development of a privatization program underway; reform of the banking
system to eliminate the subsidies and discretion in the allocation of credit;
freeing up of the labor market; and simplification of the tax and tariff
systems. In summary, this resource-abundant country is moving toward a
more free market-oriented strategy. In 1989 fixed investment-at 29 per-
cent of GDP-returned to its usual level, with a strong performance by
private investment and a drop in public investment to about 10 percent of
GDP in 1988-89 from almost 20 percent in 1980-81.

Trends in investment

Over the past two decades East Asian countries have attained unprec-
edented levels of investment,as shown in table8-5. Among them,Singapore
is in a league of its own, with an average ratio of investment to GDPof over
40percent in the 1970-88 period. This rategrew substantially during the late
1970s and early 1980s, reaching a high of almost 50 percent of GDP in 1983-
84. Since then it has declined to about 35 percent. Korea's rate of investment
increased by almost 10 percentage points of GDP, from just under 25 percent



Table 8.5 Public and private fixed investment as a percentage of GDP
(in constant 1980 prices)

Korea Singapore Thailanid Malaysia
Private Puiblic Total Private Public Total Private Public Total Private Public Total

1970 19.2 6.4 25.6 29.6 7.2 36.8 18.8 7.9 26.7 13.0 6.2 19.2
1971 16.5 5.8 22.3 34.2 6.9 41.1 18.3 7.4 25.7 15.0 6.4 21.4
1972 16.1 5.7 21.8 30.8 9.2 40.0 17.6 7.4 25.0 14.1 8.0 22.1
1973 19.0 4.1 23.1 30.2 7.5 37.7 19.1 5.6 24.7 16.0 6.9 22.9
1974 19.8 4.0 23.8 31.1 9.1 40.2 20.1 3.8 23.9 18.7 7.4 26.1

1975 19.9 4.6 24.5 27.5 10.5 38.0 17.7 5.2 22.9 15.2 9.2 24.4
1976 20.5 5.1 25.6 25.2 11.9 37.1 16.5 6.9 23.4 13.7 9.3 23.0
1977 24.3 5.9 30.2 23.3 12.0 35.3 19.3 7.7 27.0 14.5 10.5 25.0
1978 29.2 6.1 35.3 25.3 11.4 36.7 18.7 8.2 26.9 15.7 9.0 24.7
1979 29.1 6.5 35.6 28.0 8.8 36.8 18.0 7.6 25.6 16.7 8.5 25.2

1980 24.3 5.5 29.8 30.7 9.9 40.6 16.3 8.9 25.2 19.6 11.7 31.3
1981 21.0 5.4 26.4 32.3 10.4 42.7 16.4 9.3 25.7 19.1 15.4 34.5
1982 25.2 6.8 32.0 34.3 13.9 48.2 15.6 8.2 23.8 17.6 17.6 35.2
1983 25.2 6.1 31.3 33.2 16.5 49.7 16.5 8.4 24.9 17.1 17.8 34.9
1984 25.0 6.3 31.3 33.4 16.5 49.9 17.3 9.1 26.4 17.9 16.2 34.1

1985 24.2 6.1 30.3 28.5 16.1 44.6 15.0 9.3 24.3 14.8 16.7 31.5
1986 24.1 5.8 29.9 23.0 16.6 39.6 14.2 7.7 21.9 10.2 15.0 25.2
1987 25.6 5.6 31.2 23.7 12.9 36.6 16.4 6.0 22.4 11.2 11.7 22.9
1988 26.2 5.3 31.5 26.6 8.3 34.9 18.8 5.4 24.2 15.1 9.2 24.3

Average 22.9 5.6 28.5 29.0 11.3 40.3 17.4 7.4 24.8 15.5 11.2 26.7

Note: These figures do not match exactly with the figures in tables 8.1-8.4, as those are in current prices.
Source: World Bank data base.
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to just over 35 percent, between 1975 and 1979 (the time of the Big Push). It
stabilized in the 1980s at slightly over 30 percent. The rates of investment
in Malaysia and Thailand were the most stable (and lowest) of the four
countries, at around 27 percent and 25 percent of GDP, respectively, during
the 1970-88 period. Although this level of investment is not spectacular by
East Asian standards, it would be a record in Latin America.

Public and private investment

Traditionally the economic literature has seen an increase in public invest-
ment as crowding out private investment because it raises the interest rate.
Recent contributions, however, challenge this view, stating that public
investment may actually crowd in the formation of privatecapital (Aschauer
1989a, 1989b). According to this theory, public investment may increase the
rate of return on private investment. Public capital-especially infrastruc-
ture such as roads, ports, and airports-appears to be complementary to
private capital in production. Thus a mix of public and private investment
may be very important to the overall production capacity of an economy.

Several studies have tried to verify this point empirically. Blejer and
Khan (1984) use pooled data for 24 developing countries over the period
1971-79. They find that private investment is complementary with public
investment in infrastructure, although that pattern is not necessarily true
for other types of public investment. Greene and Villanueva (1990), using
a sample of 23 developing countries for the period 1975-87, find evidence
that the rate of private investment is positively related to the rate of public
investment. This matter is investigated econometrically in a later section of
this chapter for the four countries that are highlighted here besides chapter
6 and chapter 7 in this volume. At this point the emphasis is on the main
trends in public and private investment.

Table 8-5 shows data on public, private, and total investment over the
period 1970-88 for the four countries. Public investment accounted, on
average, for slightly less than 30 percent of total investment in Singapore,
about 19 percent in Korea, 30 percent in Thailand, and 42 percent in
Malaysia. Interestingly, the simple average for the 12 Latin American
countries included in Greene and Villanueva (1990) yields a 42.8 percent
share for public investment." Only Malaysia seems more in line with the
Latin American countries than with the East Asian ones.12 Since the rate of
total investment was much higher in East Asia than in Latin America, the
ratio of public investment to GDP was higher on average in the four East
Asian countries (8.9' percent) than in the sample of 12 Latin American
countries (7.9 percent).

The figures alone do not show a clear correlation between public and
private investment across countries. Singapore, the country with the
highest private investment ratio, also has the highest public investment
ratio. Korea, however, has a lower public investment ratio than Thailand
and Malaysia do, and a higher private investment one. Given that the
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correlation being discussed is justa simple one-the effect of other variables
has not been controlled for-this conclusion is not robust. The fifth section
pursues a more definitive answer through econometric analysis.

Investment in the traded and nontraded sectors

Specific data on investment by sector are not available. Nonetheless, the
figures in table 8-6 make clear that a big proportion of investment has gone
to the traded sector. An indirect way to estimate the share of investment
going to tradables is to analyze thie evolution of the share of exports in GDP.
As the table shows, the share of exports of goods and nonfactor services rose
substantially after 1965. In Korea exports increased from8.6 percent of GDP
in 1965 to39.9 percent in 1988, while inThailand they went from 18.3 percent
to 34.5 percent. In Singapore the share of exports of goods alone went from
95 percent of GDP in 1965 to 155 percent in 1988. Malaysia's exports were
47.6 percent of GDP in 1965 and 67.8 percent in 1988.

Constrnction and inifrastruicture versus mtiachinery and equiipment

In an interesting recent article, De Long and Summers (1990) find evidence
that investment in equipment has a larger influence on economic growth
than investmentin infrastructure. Usinga cross-section of 25countriesover
the period 1960-85, they find that on average for the group of countries each
percentage point of GDP invested in equipment is associated with an
increase in the rate of growth of GDPofa third of a percentagepointayear.' 3

When they use a 61-country sample, the explanatory power of the equation
worsens, but investment in equipment remains significant.

Three of the countries highlighted here-Korea, Malaysia, and Thai-
land-are included in the 61 country sample. None has an impressive rate
of investment in equipment. While Korea's is5.57 percentof GDP, Malaysia's
is 4.46 percent and Thailand's 3.95 percent. 4 De Long and Summers
conclude from their regression analysis that investment in equipment was
quite significant in explaining the growth in these three countries.

Table 8.6 Exports of goods and nonfactor services
(% GDP)

Countries 1965 1988

Korea 8.6 39.9
Malaysia 47.6 67.8
Singaporea 93() 155.0
Thailand 18.3 34.5

a. Goods only.
Source: International Monetary Ftu3d (various issues, Inlernatioual Financial Sfalislics), World
Bank data base, and Collins and Park (1 989).
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Thefinancinig of investmnent

Table 8-7 presents a decomposition of total saving for each of the countries
in question. By definition total saving equals total investment (which
includes fixed capital formation and inventory accumulation). Because
there are no data on the accumulation of inventory, table 8-7 does not
include it. The table breaks total saving into a national component and
foreign saving(equal to thecurrentaccountdeficit). In tum, national saving
is divided between public and private (except for Malaysia where the data
were not available). This decomposition gives an accurate idea of the
financing of investment.

Did thesecountries rely primarily on domestic or foreign saving? What
were the relativecontributions of private and public saving to the financing
of investment? The figures clearly show that all the countries counted on a
substantial savings base at home. Public saving was important in all three
countries for which there were data, especially in Singapore. Fiscal auster-
ity was theinorm, although in difficLilt moments theirgovernments resorted
widely to fiscal expansion. Based on Malaysia's large budget deficits, it is
likely that public saving were less important there. In Korea and Thailand
private saving on average financed about 70 percent of investment. In
Singapore the figure was substantially lower, about 45 percent. Foreign
saving was also an important part of the overall picture.

For a long time Korea, Singapore, and Thailand used foreign saving
extensively to finance their high levels of investment. As investment was
directed toward the tradable sector, these countries did not have a foreign
debt problem afterwards. In aLddition, when domestic saving dropped,
these countries preferred to increase external borrowing rather than curb
investment. Foreign saving supported the financing of investment tremen-
dously, especially in Singapore (and in Korea) during the 1970s and early
1980s. Singapore ran current account deficits on the order of 20 percent to
30 percent of GDP in the early 1970s; Korea and Thailand experienced
deficits of between 5 percent and i1) percent of GDP for sustained periods
over the last two decades.

Why have foreigners been willing to finance these large deficits for so
long? Two explanationsare likely: first,as noted,each country had a strong
domestic savings base; and second, and most important, the current ac-
countdeficit was attributable mainly to booming investment in the tradable
sector. In the end the strategy of a high level of investment in tradables paid
off. Since 1986 Korea, Singapore, and Thailand have started to run current
account surpluses, which have reduced their net external liabilities in
nominal terms."R The case of Malaysia is somewhat different. It did not run
current account deficits for long periods, but when it did run them in the
early 1980s, they were so huge that external debt problems resulted. Except
in that period Malaysia has relied almost entirely on domestic saving to
finance its investment. In the last three years it has ran largecurrentaccount
surpluses that have eased its external debt problems.
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Table 8.7 Components of Savings
(current prices, % of GDP)

Korea SinSapore
Dormestic saving lForeign Total Domestic saving Foreign Total

Priuae Public Total Savying SavinS Private Puiblic Total Sating Saving

1970 11.6 6.2 17.8 7.1 24.9 -4.3 6.3 2.0 30.5 32.5
1971 8.2 5.5 13.7 8.7 22.4 -1.6 6.1 4.5 32.2 36.7
1972 15.4 1.5 16.9 3.4 20.3 10.6 10.0 20.6 17.1 37.7
1973 17.2 3.6 20.8 2.2 23.0 15.8 6.9 22.7 12.5 35.2
1974 12.6 2.0 14.6 10.8 25.4 8.2 10.2 18.4 19.8 38.2

1975 13.3 2.7 16.0 8.9 24.9 14.7 10.8 25.5 10.4 35.9
1976 19.5 3.4 22.9 1.1 24.0 14.7 11.8 26.5 9.6 36.1
1977 23.5 3.4 26.9 0.0 26.9 16.9 12.6 29.5 4.5 34.0
1978 24.6 4.1 28.7 2.2 30.9 18.0 11.9 29.9 5.8 35.7
1979 21.9 4.3 26.2 6.4 32.6 17.7 11.1 28.8 7.8 36.6

1980 18.0 3.3 21.3 8.5 29.8 15.4 12.0 27.4 13.3 40.7
1981 17.1 1.9 19.0 6.7 25.7 21.7 11.3 33.0 10.6 43.6
1982 23.0 3.4 26.4 3.7 30.1 22.0 17.0 39.0 8.5 47.5
1983 22.5 4.7 27.2 2.0 29.2 26.4 17.6 44.0 3.5 47.5
1984 22.7 4.6 27.3 1.6 28.9 25.7 19.9 45.6 2.1 47.7
1985 22.7 4.5 27.2 1.0 28.2 24.8 17.4 42.2 0.0 42.2
1986 27.0 5.3 32.3 -4.7 27.6 23.4 17.1 40.5 -3.1 37.4
1987 31.0 5.5 36.5 -8.1 28.4 28.5 9.8 38.3 -2.8 35.5
1988 30.4 6.5 36.9 -8.1 28.8 33.4 8.3 41.7 -6.8 34.9

Average 20.1 4.0 24.1 2.8 26.9 17.5 12.0 29.5 9.2 38.7

Thailand Malaysia

Donestic saving Foreign Total Domnestic savping Foreign Total

Priuate Public Total Saving Sating Private P,,blic Total Saving Saving

1970 13.1 7.1 20.2 3.5 23.7 n.a. n.a. 20.2 -0.2 20.0
1971 14.2 6.7 20.9 2.4 23.3 n.a. n.a. 20.6 2.5 23.1
1972 19.6 2.5 22.1 0.6 22.7 n.a. n.a. 20.1 4.9 25.0
1973 20.2 1.9 22.1 0.4 22.5 n.a. n.a. 26.3 -1.4 24.9
1974 18.1 4.6 22.7 0.6 23.3 n.a. n.a. 22.4 5.7 28.1

1975 15.6 3.1 18.7 4.2 22.9 n.a. n.a. 22.5 5.3 27.8
1976 17.5 2.8 20.3 2.6 22.9 n.a. n.a. 29.7 -5.2 24.5
1977 16.3 4.1 20.4 5.5 25.9 n.a. n.a. 28.8 -3.3 25.5
1978 16.4 4.1 20.5 4.8 25.3 n.a. n.a. 25.5 -0.7 24.8
1979 14.1 3.9 18.( 7.6 25.6 n.a. n.a. 30.8 -4.4 26.4

1980 14.8 4.0 18.8 6.4 25.2 n.a. n.a. 29.9 1.2 31.1
1981 11.8 5.5 17.3 7.4 24.7 n.a. na.L1 26.1 9.9 36.0

(continued)



linrstment anLd Macroecononmic Adjustnent :The Case of East Asia 245

Table 8.7 Components of Savings (continued)

Thailartd Malaysia
Domestic savzng Foreign Total Domestic saving Foreign Total

Private Public Total Savinig Saving Private Pujblic Total Saviting Saving

1982 19.1 1.5 20.6 2.8 23.4 n.a. n.a. 22.9 13.4 36.3
1983 12.6 4.1 16.7 7.3 24.0 n.a. n.a. 24.4 11.6 36.0
1984 14.5 4.9 19.4 5.1 24.5 n.a. n.a. 27.0 4.9 31.9
1985 16.0 3.6 19.6 4.1 23.7 n.a. n.a. 27.8 2.02 9.8
1986 19.1 3.2 22.3 -0.6 21.7 n.a. n.a. 26.5 -0.22 6.3
1987 18.7 4.0 22.7 0.8 23.5 n.a. n.a. 31.0 -8.12 2.9
1988 16.1 6.8 22.9 2.9 25.8 n a. n.a. 29.5 -5.4 24.1

Average 16.2 4.1 20.3 3.6 23.9 25.9 1.7 27.6

Note: The figures exclude change in stocks. Thus, total saving in the table corresponds to fixed
investment in currenit prices (figures I to 4). For the same reason, domestic saving in this table
is slightly different from the figures shown in tables 8.1-8.3. The difference is the change in
stocks, which is excluded because data that *vould enable the change in stocks to be divided
between private and public was unavailable.
n.a. Not available.
Soturce: Intermational Monetary Fund (various issues, Intiernational Financial Statistics), World
Bank data base, and Collins and [lark (1989).

Macroeconomic policies and their effect on investment

This section looks at the economic policies and characteristics of the four
economies that havehad an important influence on the formation of capital.
Theanalysis emphasizes the determinants of private investment, which are
also the focus of the econometric analysis in the next section.

Monetary and credit policies

The literature emphasizes monetary and credit policies as important deter-
minants of private investment. Restrictive monetary and credit policies
depress investment by inducing an increase in the cost of credit and a
reduction in the availability of credit (if quantitative constraints exist).

Credit policy can directly affect investment in repressed or controlled
credit markets. The availability of funds will determine whether firms with
investment opportunities can pursue them. Those firms or sectors with
preferential access to the credit market will have higher levels of invest-
ment. This point is particularly important in developing countries, where
repressed financial marketsaremoregenerally thenorm than theexception.
Different studies find that credit has a positive direct effect on investment,
among them Blejer and Khan (1984) and van Wijnbergen (1982). Greene and
Villanueva (1990) and Solimano (1989) find that higher interest rates have
a negative effect on investment.
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The figures on credit for Korea, Singapore, Thailand, and Malaysia,
presented in table 8-8, show the growing importance of credit in these
economies from 1965 to 1988. In Korea credit from the financial sector and
the monetary authorities to the private sector climbed from 10.7 percent of
GDP in 1965 to 56.1 percent in 1987, in Singapore from 37.6 percent to 87.6
percent, in Thailand from 14.0 percent to 5t).0 percent; and in Malaysia from
12.7 percent to 64.0 percent."6

Korea pursued a rule of selective allocation of credit. The main
objective was to promote certain ind ustries, and thegovernment used credit
to achieve that goal. Its approach to development strategy was a highly
controlled banking system that directed its credit mainly to target sectors

Table 8.8 Credit to the private sector
(% of GDP)

Year Korea Singapore Thiailand Malaysia

1965 10.7 37.6 14.0 12.7
1966 11.6 37.8 14.0 13.2
1967 17.6 36.2 16.0 14.3
1968 26.5 38.6 16.0 16.5
1969 33.1 42.3 17.0 15.8

1970 33.7 45.9 20.0 18.5
1971 35.5 45.6 20.0 19.9
1972 35.1 51.2 20.0 21.2
1973 35.1 60.2 22.0 24.5
1974 37.8 54.5 23.0 23.1

1975 34.8 57.5 26.0 27.2
1976 31.8 58.7 27.0 26.6
1977 31.1 59.3 29.0 27.7
1978 34.1 61.9 31.0 30.7
1979 36.8 66.6 32.0 31.5

1980 42.3 71.0 29.0 38.2
1981 43.1 77.9 30.0 43.4
1982 47.9 83.3 33.0 46.7
1983 48.9 88.7 40.0 50.9
1984 49.5 88.9 44.0 52.8

1985 53.7 92.9 46.0 61.7
1986 53.9 91.3 46.0 71.5
1987 56.1 87.6 50.0 64.0
1988 55.5 82.6 54.0 61.5

Source: International Monetary Fund (various issues, Inerntatitoal Financial Statistics), World
Bank data base, and Collins and Park (1989).
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and big conglomerates. A financial nonbanking system (the curb market),
which was less controlled, provided credit to other sectors basically along
free market lines.

Korea partially liberalized its financial markets in 1965,atthebeginning
of the period of an outward orientation. Since 1982, and after some scandals,
the financial sector was further liberalized in part. Subsequently the less
regulated nonbanking financial sector experienced spectacular growth.
Korea's financial market is, however, still far from being driven by mnarket
forces alone.

In Singapore monetary policy has been constrained by the openness of
the country to foreign trade and capital. Typically the government main-
tained a restrictive monetary policy, but the access of the banking system to
foreign capital markets eased liquidity pressures. Although the monetary
authority did not control the money supply completely, it managed to keep
inflation low and to producea very favorable environment for domestic and
foreign financial institutions.

The Government of Singapore, as noted, has intervened widely in the
credit market, alongside private financial institutions. The government
owns the largest saving bank (Post Office Saving Bank). Despite its
involvement thegovernment has always been mindful of the need to let the
market take the lead. Thus i t has kept interest rates in government financial
institutions more or less in line with market conditions (that is, at rnoder-
ately positive real levels) and has allowed broad participation by foreign
banks. In terms of the allocaton of credit, the huge surpluses generated by
a compulsory savings mechanism and by government financial institutions
allowed the government to undertake big infrastructure projects and to
direct credit to priority areas.

In Thailand private banks have had a dominant role in the financial
sector, with strong links to business groups and trading houses. The
banking system, however, has been highly concentrated, with the five
largest banks accounting for over 65 percent of bank assets (Robinson and
others 1991). Although government involvement in the granting of credits
has been minimal, banks have not been adequately efficient in allocating
credit because big business interests have used them widely for cheap loans.
The World Bank, among others, has proposed encouraging more competi-
tion in the financial sector to avoid this practice.

Malaysia has used directed credit widely to promote industrialization.
In addition, especially after the New Economic Policies, credit policy has
also reflected the government's objective of income redistribution. In 1970
foreign interests owned some 63 percent of company equity, non-Malay
nationals 34 percent, and Malays only 1 percent (Young, Bussink, and
Hasan 1980). Thus the government has promoted Malay ownership of
equity capital through easy access to preferential credit (and through
purchases of shares by government agencies).

Malaysia has allowed strong participation by foreign banks to encour-
age competition. The structural reforms of the late 1980s included liberal-
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ization of the financial markets as an important objective. Since 1985 direct
credit practices and subsidies have become less important.

Financial deepenting

McKinnon (1973) stresses the importance of an efficient financial marketas
a cornerstone of economic development. According to this point of view,
"financial deepening" (the growth of the share of financial assets in the
economy), which reflects an increasing use of financial intermediation by
savers and investors and the monetization of the economy, allows the
efficient flow of resources among people and institutions over time. This
deepeningcan only occur in aneconomy with liberalized financial markets.
Dornbusch and Reinoso (1989), however, challenge this conclusion, argu-
ing that financial liberalization may be quite dangerous in periods of
financial instability. The fact that financial deepening has paralleled
improved growth performance in several cases does not, they contend,
imply causality, since the better performance might be the result of other
factors (such as adaptability to a change in financial resources).

Table 8-9 presents measures of financial deepening for the East Asian
countries for selective years in the period 1962-88. The ratio of M2 (money
plus quasi-money) to GDP is used. This ratio rose in all four countries. In
Korea it went from 11.7 percent in 1962-65 to 39.0 percent in 1985-88; in
Singapore from 52.6 percent to 81.8 percent; in Thailand from 23.9 percent
to62.9percent;and in Malaysia from27.3 percentto 68.9 percent. The policy
of keeping real interest rates on deposits positive, as discussed below, was
one of the factors behind this increase in financial savings.

Singapore has joined Hong Kong as an international financial center,
and its high level of monetization comes as no surprise.17 At the same time
the relatively low degree of financial deepening in Korea likely is associated
with its controlled financial market. The Malaysian government pursued
an interest rate policy that favored saving with relatively few controls. This

Table 8.9 Financial deepening
(M2/GDP, percent)a

Years Korea Singavrce Thtailatnd Malaysia

1962-65 11.7 52.6 23.9 27.3
1970 33.3 66.3 27.8 33.9
1975 30.7 61.0 33.9 44.8
1980 33.0 64.0 38.2 51.5
1985-88 39.0 81.8 62.9 68.9

a. Currency and demand savings and time deposits as a percentage of CDP.
Source: International Monetary Fund (various issues, Internationial Financial Statistics), World
Bank data base, and Collins and Park (1989).
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policy, as well as Malaysia's commitment to an anti-inflationary policy, has
resulted in a high level of financial savings.

Interest rate policy

It can be argued that Korea used credit policy quite actively (as did
Singapore and Malaysia, although to a lesser extent) to direct investment to
certain sectors deemed to be of high potential. In addition, it used ceilings
on interest rates.

All four countries, with the exception of Thailand in the 1970s, main-
tained real interest rates that were positive and moderately high."8 Al-
though the market did not allocate investment entirely, private companies
using the funds had to pay positive real rates. The government did not
subsidize credit flagrantly even though it directed it. To some extent price
has limited the demand for credit.

Maintenance of moderately high real interest ratesappears to beclosely
associated with economic performance and financial deepening at the
intemational level. The empirical evidence indicates that countries that
have maintained moderately high real interest rates have outperformed by
a considerable margin those that have favored negative real interest rates.'9

In the former group of countries the rate of growth of financial assets has
been much larger, as the rate of expansion of output has been. Table 8-10
presents evidence on these issues for a group of 21 countries for the period
1971-80. Overa medium- to long-termhorizon, theallocationof moderately
positive real interest rates with higher growth rates is consistent with
positive interest rates encouraging more efficient investment. The 21
countries in the table are divided into three groups according to their
interest rate policies in the 1970s. Symptomatically those economies that
espoused moderately positive real interest rates experienced the fastest
growth in financial assets20(9.6 percent a year on average) and the quickest
expansion in output (6.4 percent on average). At the other extreme,
countries with severely negative real interest rates had dismal performance:
on average their rate of growth of GDP was only 1.6 percent, and real
financial assets declined. The group of countries with mnoderately negative
real interest rates performed in between the other two groups, although
closer to the group with positive real interest rates. The evidence is
suggestive.

The quantitative controls on credit in East Asia (especially in Korea) are
likely to have resulted in interest rates below their free market equilibrium,
although positive in real terms. What justifications might a government
have made for this policy? One may have been industrial policy, that is, the
decision to favor certain economic sectors thought to have higher potential
(a "pick-the-winners" strategy). Another one may have been adverse
selection. At some point firms that are in financial distress will want to
borrow at any interest rate to remain alive and pay wages. They could
continue to demand large, and ultimately inflationary, amounts of credit
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Table 8.10 Interest rate policy, growth of financial assets, and rate of GDP
expansion-selected developing countries, 1971-80
(percent)

Growvtlh offinzanicial Growth of
Country/categorics assets GDP

Countries wit/l moderately
positive real interest rates

Malaysia 13.8 8.0
Korea 11.1 8.6
Sri Lanka 10.1 4.7
Nepal 9.6 2.0
Singapore 7.6 9.1
Philippines 5.6 6.2

Average 9.6 6.4

Countries with nmodferately
negative real itnterest rates

Pakistan 9.9 5.4
Thailand 8.5 6.9
Morocco 8.2 5.5
Colombia 5.5 5.8
Greece 5.4 4.7
South Africa 4.3 3.7
Kenya 3.6 5.7
Myanmar 3.5 4.3
Portugal 1.8 4.7
Zambia -1.1 0.8

Average 5.0 4.8

Countries with severely
negative real interest rates

Peru 3.2 3.4
Turkey 2.2 5.1
Jamaica -1.9 -0.7
Zaire -6.8 0.1
Ghana -7.6 -0.1

Average -2.2 1.6

Source: McKinnon (1989, table 3).
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even with very high interest rates. For this reason monetary policy mnay
require managing the interest rate to make sure that credit does not rise
rapidly to bail out firms (both in the state sector and in the private sector)
that should be pushed out of operation.

Fiscal policy

Expansionary fiscal policies push interest rates up and reduce the availabil-
ity of credit for the private sector. Hence, these policies crowd out private
investment. As mentioned, however, a distinction must be made between
currentand capital public expenditures. An expansion in public investment
(for example, in infrastructure) may actually encourage private investment
and thereby offset the interest rate/credit effect.

Korea, Singapore, and Thailand in general have had very responsible
fiscal policies. Public saving has been positive every year since 1970 (see
table 8-7), and the budget deficit, which includes public investment as an
outlay, has never reached worrisome proportions. They used a moderate
fiscal expansion for only very short periods to stimulate theeconomy when
growth was sluggish. Moreover, when their budgetdeficits increased, the
governments showed a remarkable ability to bring them down quickly, so
that they did not jeopardize macroeconomic stability.

Thailand, however, ran fiscal deficits of around 5 percent of GDP from
1980 to 1985. Nevertheless, the Bank of Thailand has been as careful as
possible to avoid the path of monetary finance, honoring its conservative
reputation.2' In 1987 the govemment made significant progress in restrain-
ing public spending and brought the budget into balance by 1988. The
improvement is attributable to three main factors: the effect of economic
growth on tax revenues; more conservative estimates of tax revenues in the
fiscal budget; and an austere policy on public wages.

Malaysia has experienced even higher public deficits that Thailand has,
with an annual average of over 6 percent of GDP during the 1970s and over
10 percent of GDP in several years of the 1980s.22 The government,
nonetheless, has carefully avoided resort to monetary financing, and since
1987 it has reducel the deficits significantly.

Thus, both Thailand and Malaysia have had access to credit markets
(domestic and foreign) to finance their deficits. In no other way can the fact
be explained that neither country has had inflation in excess of 6 percent
since 1982, with Thailand having an annual average of 3.1 percent for 1980-
88 and Malaysia a mere 1.3 percent (figure 8-1).

In short, in the four countries the public sector has managed to leave
enough space for the private sector, which has taken the leading role in the
economy. Table 8-11 shows the size of the state as measured by total
government outlays as a percentage of GDP. On this basis Korea and
Thailand have rather small governments (less than 20 percent of GDP in
both cases). Govemmentoutlays inSingapore, the country with the highest
per capita income in the sample, have risen above 30 percent since 1985, a
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Figure 8.1 Rate of inflation
(annual rate of change in the Consumer Price Index, percent)
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level that is comparable with that of a developed country with a relatively
small government (such as Japan, the United States, and Canada). Malaysia
has had the largest ratio of government spending to GDP in the group,
having been at times over 40 percent of GDP. By 1987, however, it had
scaled expenditures down to 35 percent of GDP.

Exchange rate policy

The effect of the exchange rate on aggregate investment is theoretically
ambiguous. If investment goods use both local and foreign inputs in their
production, a devaluation encourages investment in the tradable sector and
discourages investment in nontradables. In other terms, a high real ex-
change rate improves the profitability of investment in tradables. If im-
ported inputs are a big share of the production of investment goods, and if
tradables are relatively unimportant, a devaluation will tend to depress



Table 8.11 Fiscal indicators-general government
(% of GDP)

Korea a,b Singapore Thailand Malaysia

Year Tax revenue Govt. expenditure Tax revenue Govt. expenditure Tax revenue Govt. expenditure Total revenueb Govt. expenditure

1973 10.8 12.5 14.2 21.3 11.7 17.0 21.7 29.6
1974 12.2 13.6 15.2 19.9 14.4 14.4 24.1 31.2

1975 13.8 15.2 16.6 23.9 12.5 16.4 26.4 36.8
1976 15.1 16.4 16.1 23.2 12.2 18.2 26.1 33.3
1977 14.8 15.6 16.6 23.2 12.8 17.7 28.3 35.6
1978 15.3 15.6 15.8 22.2 13.3 18.8 27.2 33.1
1979 15.5 16.7 15.7 21.8 13.7 19.0 28.4 30.3

1980 15.6 17.3 16.8 23.3 14.0 20.5 31.1 37.7
1981 15.7 17.1 17.9 28.1 14.2 19.6 32.2 49.5
1982 16.1 19.1 19.1 26.7 13.6 21.8 31.9 49.3
1983 16.7 17.5 19.0 29.4 15.2 21.0 31.2 43.0
1984 16.1 17.2 18.5 25.3 15.1 20.6 30.3 n.a.

1985 16.0 17.7 16.5 36.0 14.9 22.4 31.2 n.a.
1986 16.0 17.3 13.3 36.8 15.0 21.8 32.9 44.2
1987 16.7 17.0 13.7 34.4 15.7 20.4 27.9 35.9
1988 15.9 15.2 n.a. n.a. 17.8 18.8 28.4 n.a.

Average 15.1 16.3 16.3 26.4 14.2 19.3 28.7 37.7

n.a. Not available.
a. The figures for Korea correspond to the central goveniment. Data for the general government until 1978 show that tax revenue as a percentage of CDP
wasbetween I and 2 points higher than the same figure for the central government. Government expendimre isbetween2 and 5 points higher for the general
government than for the central government.
b. Tax revenue figures are not available.
Source: International Monetary Fund (various issues, Government Finance Statistics).
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Figure 8.2 Real exchange rate
(1980=100)
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total investment. Since the tradable sector is so dominant in the East Asian
countries, however, the presumption is that a devaluation stimulates aggre-
gate investment.23

The cornerstone of exchange rate policy in Korea, Singapore, Thailand,
and Malaysia has been to maintain external competitiveness. With this
purpose in mind they have kept the real exchange rate competitive and
stable, supported by generally austere fiscal and wage policies. Figure 8-
2 gives a clear picture of the stability of the real exchange rate in these four
countries. Korea has experimented with different exchange rate systems.
During 1975-80 it had a fixed exchange rate. Since 1980 it has followed a
system of gradual adjustments to the nominal exchange rate, determined
relative to a basket of currencies. After periods of real appreciation or
external difficulties, the government has used one-shot devaluations to
restore the competitiveness of exports. In Singapore, in contrast, the
movement of the real exchange rate has been very mild, dominated by flows
of foreign capital.
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Thailand pegged its exchange rate to the dollar for most of the last three
decades, with two devaluations-10 percent in 1981 and 14 percent in
1984.24 In November 1984 it formally replaced the dollar peg with a basket
of currencies. In reality, however, the 17aht follows the dollar closely. In
general, low inflation has permitted a relatively high real exchange rate, and
after periods of mild appreciation the government has used devaluations to
restore competitiveness.

Malaysia has kept a stable and convertible currency, with the real
exchange rate particularly stable over the last two decades. Only in recent
years (1985-88) has the local currency, the ringgit, appreciated by a signifi-
cant amount (almost 30 percent). Large inflows of foreign investment,
which pushed up international reserves, were mostly responsible for the
appreciation of the ringgit. This inflow of foreign investment is, however,
a sign of a healthy economy and of confidence in the liberalization. At the
same time, it is a causeof concern because of its effect on liquidity (and thus
on potential inflation) and on competitiveness (through the exchange rate
channel).

Industrial and trade policies

All four countries have in some way used industrial and trade policies to
promote target sectors, especially exportables. They haveestablished many
kinds of investment incentives to this end. Korea has used import restric-
tions widely, particularly during the industrialization stage of the 1970s.
Although tariffs have not been high,2s quantitative trade restrictions have
implied a high degree of protection for some domestic industries. The idea
has been to nurture some infant industries so that they can eventually grow
up and become competitive in the world markets. This strategy, which
worked so badly in Latin America, has produced some positive results in
specific industries such as automobiles and steel (Collins and Park 1989).
The government also made mistakes, however, which the authorities
amended when they abandoned the Big Push strategy. Export subsidies
have been used, mainly during periods of real appreciation such as in the
late 1970s.

In terms of industrial policy, the five-year macroeconomic plans tar-
geted certain industries that were to be helped with easy credit, tax incen-
tives, subsidies, and other benefits. Thegovemment also, however, encour-
aged efficiency, and many of these industries have been exporting their
production successfully. The experience of Hyundai in automobiles is a
case in point, although lately it has run into some difficulties in the U.S.
market.

After a brief period of import substitution (1965-67), Singapore has to
a large extent left foreign trade to market forces. Its average nominal tariff
rate in 1983 was only 6.4 percent, and it placed almost no other restrictions
on imports. The government, however, has intervened in selected target
sectors eitherby providing incentives (such as tax relief, subsidies, and easy
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credit) or by getting involved directly. As with Korea during the 1970s,
Singapore has also promoted heavy industry.

Thailand followed an import-substitution strategy until the late 1960s,
with high tariffs and other import restrictions, so as to promote domestic
industries. The Investment Promotion Act of 1960, however, exempted
taxes on imported capital machinery. This exemption encouraged invest-
ment and the use of modern technologies. In the early 1970s the strategy
shifted toward export promotion, and a wide range of export incentives
helped offset the effects of continued protection from imports (in the form
of both tariff and nontariff barriers). Since the early 1980s the government
has gradually phased out nontariff barriers. Tariffs have been more
resilient.

Malaysia has maintained an open trade regime with very few nontariff
restrictions and a low average tariff rate, although with a relatively high
dispersion. According to some authors this low level of protectionism is
related to the belief of the authorities that the beneficiaries of protectionism
would be Chinese-run businesses (Ja mes, Naya, and Meier 1987). Industrial
policies have also been influenced by racial factors. State involvement
has pursued the development of Malay businesses vis-a-vis Chinese-run
firms.

Malaysia has had active industrial policies since independence. All
economic plans have included modernizing the country by developing a
leading industrial sector. In 1958 the authorities provided fiscal incentives
for industrial investment through the Pioneer Industrial Ordinance. A
decade later they provided broader incentives under the Investment Incen-
tives Act. With the New Economic Policies thegovernment started to invest
directly in some priority areas. In 1975 the new Industrial Coordination Act
was in7troduced to accelerate achievement of the objectives of the New
Economic Policies. As a result the manufacturing sector has led growth in
Malaysia during the last two decades, going from 8.5 percent of GDP in 1961
to more than 20 percent in the 198(0s.

Role of the stltec

Given the information presented so far, it miglht be temptingtodescribe East
Asian successstories ascountries with very interventionistgovernments, in
which market mechanisms have played a minor role. That conclusion
would be wrong. Although the governmenits have been somewhat inter-
ventionist, they have relied mainly on the market. Further, there has been
less government involvement in these four countries than in the less
successful Soutlh Asian and Latin American countries. In East Asia inter-
vention has always been directed toward promoting an outward orienta-
tion. Inaddition,asisstressedbelow,muchofthe governmentintervention
in East Asia has been directed toward reducing economic uncertaintv
through stableand credible policies. For the most partstate intervention has
leaned in favor of, not against, market forces.
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Among the successful East Asian economies Hong Kong has had the
most laissez-faire government, while Korea is recognized as the most
interventionist. In Korea the government has participated in the investment
of the largest companies and helped organize export activities. Korean
officials have been highly selective about foreign investment, allowing only
that which brings a technology or marketing expertise unavailable at home.
Economic decisions have been heavily centralized in the planning author-
ity, which does the budgeting and coordinates fiscal and monetary policies,
as well as industrial and trade policies. The Bank of Korea has depended on
the Ministry of Finance, who is also the head of the monetary board. In
short, monetary authorities have been subordinated to planners. Business
conglomerates, on the other hand, have had close relationships with state-
owned banks (Chu 1989).

Singapore's government has exercised less control over the economy
than has Korea's,2 6 and it has put more emphasis on state incentives to affect
market outcomes. The financial markets, for example, have operated
mostly outside the government's control. Of five local banks, only one is
state-owned; foreign banks have provided hvo-thirds of domestic credit. In
an effort to establish Singapore as a main international financial center, the
government has progressively liberalized the capital markets. Foreign
investment laws have been extremely liberal. A strong state enterprise
sector has existed, however, in construction, health, petrochemicals, and
shipbuilding; the state has provided for almost all basic needs. The financial
requirements of public companies have nonetheless been subordinated to
fiscal and monetary restraint. Singapore's central bank has been highly
autonomous and by law has been precluded from lending money to the
government.

In Thailand government involvement has been important during most
of the 1960s, 1970s, and 1980s. The problems of the early 1980s, however,
convinced the authorities that the market-based economic system needed to
be strengthened. Liberalization of the financial system, lowering of trade
barriers, elimination of most export taxes, a prudent wage policy, and so on
have been part of the reorientation of the economic strategy.

The quesfion remains, however, whether a freer economic system
would have resu Ited in even better performance in these fourcountries. There
is considerable debate and little agreement on this point. Some authors,
while recognizing government mistakes, tend to give intervention signifi-
cant credit for the success (for example, Collins and Park 1988). Others
argue that theseeconomies have been successful despite their governments.
In the words of Vito Tanzi, a prominent exponent of the latter view,

...through its credit policies, incentive legislation and regu-
lation of investments, the government [in Asia] has played
too large a role in determining the area where investment
should go, and for sure it has played too large a role in
determiningthecomposition of importsandeven the users
of these imports. (Tanzi 1988, p.31)
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Stability and credibility of policy

Authors such as Rodrik (1989), and Serv6n and Solimano (1990a and b,
chapter 6, this volume) have emphasized the role of uncertainty in invest-
ment. It is generally associated with the irreversibility of investment
(Pindyck 1989, chapter3, this volume). The basic argument is as follows. If
macroeconomic conditions are uncertain, and given that once investment is
in place it is impossible to undo, it may pay to wait. The greater the
uncertainty and macroeconomic instability are, the lower the level of
investment is.

Korea, Singapore, Thailand, and Malaysia are examples of economies
characterized by a high degree of stability. They have instituted no major
policy changes since the mid-1960s. Perhaps the most important was
Thailand's switch to an export-led growth strategy in the mid-1970s.
Korea's Big Push phase was an intensification of some policies started in the
1960s, and it did not last long; Malaysia's liberalization of the late 1980s was
a reorientation of a system that was becoming increasingly interventionist.
These changes are minor (and relatively few) compared with those in other
regions of the world. Latin American countries, for instance, have suffered
wide policy changes over the last 30 years. In addition to structural
adjustments, stabilization programs were the norm there throughout the
1980s, with resultant economic recession and relative price volatility. Many
countries have undertaken several stabilization efforts in the short period
of a few years, Argentina, Brazil, and Peru being the most prominent. There
have been few stabilization programs in the successful economies of East
Asia because they have rarely been necessary.

In addition, and in contrast to Latin America, the East Asian countries
in general have maintained conservative fiscal policies that have helped
maintain the stable macroeconomic environment. As discussed, except for
Malaysia the public sector has madea significant contribution to the overall
saving effort.

A measure of the stability in East Asia is the low variability of the real
exchange rate. Table 8-12 shows the average of the moving-average
coefficients of variation of the real exchange rate for the period 1975-88 in
the four East Asian countries, as well as in some Latin American economies.
The average of this measure for Korea, Singapore, Thailand, and Malaysia
is 0.041; the figure for a sample of seven Latin American countries is more
than twice this, 0.095. The figures for Singapore and Malaysia, the East
Asian countries with highestcoefficientsof variation (0.043), are lower than
the figure for any of the seven Latin American countries. The second
column in table 8-12 shows the coefficient of variation for GDP growth.
Again, the variability in East Asia is significantly lower than that in Latin
America. Here the difference is even more pronounced.

Credibility in government policies, as stressed by Rodrik (1989,1990),
can also affect private investment significantly. Again, it may pay to wait
until being sure that a government is going to hold to a given program.
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Table 8.12 Economic instability, 1975-88

Average coefficient of variationa
Real exchange rate GDP growth

East Asia

Korea 0.039 0.456
Singapore 0.043 0.422
Thailand 0.037 0.265
Malaysia 0.043 0.515

Average 0.041 0.414

Latin Anmerica

Argentina 0.170 11.362
Brazil 0.049 1.061
Chile 0.1(5 13.891
Colombia 0.065 0.340
Mexico 0.102 4.455
Peru 0.084 1.374
Uruguay 0.088 1.412

Average 0.095 4.842

a. Defined as the average of the moving-average coefficients of variation between periods t -
2andt(from t =1975until t=1988). Tlecoefficientsofvariationiaredefinedinabsoluteterms.
Source: World Bank data base.

Although difficult to measure, it can be argued convincingly that govern-
ment policies in the four East Asian countries have been credible and
consistent. Their governments have emphasized the promotion of exports,
saving and investment, and industrialization of the economy. Business
people inside and outside the countries have perceived these goals as
permanent, and government behavior has validated these expectations.
This situation has produced an extraordinarily good environment for
investment, as witnessed by the very high rates of private investment. The
absence of major policy changes over the last three decades, as mentioned,
has no doubt enhanced credibility.

lncomne distribuition

One reason Latin American governments have been so erratic in their
macroeconomic policies may be the significant inequality in income in these
countries. It leads to social pressures that governments have attempted to
relieve through populist policies. After one or two years of economic
expansion inflation soars, real wages fall, unemployment starts to increase,
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and output declines. The policies prove unsustainable, and the government
has to switch to another set of policies. Many countries in the region have
suffered this populist cycle, some of them more than once.27

In East Asia the situation has been the opposite. A very equitable
distribution of income has facilitated macroeconomic stability. Table 8-13
presents figures on income distribution for a group of East Asian and Latin
American countries. The summary measure used is the share of national
income of the top and the bottom quintiles of the income distribution. As
the figures show, the ratio of top to bottom income is much lower for East
Asian countries than for Latin American ones. In East Asia the richest 20
percent of the population on averagehas 8.7 times the incomeof the poorest
20 percent. In Latin America the ratio is 21.5 times. Moreover, with the
exception of Malaysia the distribution of income in East Asia is within the
range shown by developed economies. It is also worth mentioning that
reduction of income inequality has been a major objective of the Malaysian
government, as stressed in the New Economic Policies implemented since
the early 1970s.

Recent work suggests that income inequality has a negative effect on
economic growth (Alesina and Rodrik 1991). It may be conjectured that a
key channel for this relationship is investment. More equitable distribu-
tions of income lead to less social conflict, a situation that reduces uncer-
tainty and creates a more stable economic environment for investment.
Unfortunately, no time series data on income distribution exist to test this
point empirically for the four East Asian countries. For this reason an
income distribution variable is not included in the empirical section.

Debt overhnzag

According to thedebt overhang argument, emphasized by Krugman (1988)
and Sachs (1989b), the larger the external debt burden is, the lower private
investment is. The reason is two different yet complementary arguments.
First, a high external debt can be seen as a source of macro instability
because an external bu rden that is not known with certainty (as it depends
on world interest rates and terms of trade, which are beyond the control of the
country) will surely affect economic policies. From another point of view,
an excessive level of debt acts as a potential tax on domestic investment.2 8

Empirically, Greene and Villanueva (1990) find that private investment is
negatively correlated with the debt service ratio and the debt to GDP ratio,
see also chapter 6, this volume.

Korea and Malaysia are the clearest cases of successful East Asian
countries that have experienced external debt problems; in the early 1980s
Korea's debt to GDP ratio rose to over 50 percent. Since 1985, however, the
ratio has fallen dramatically. The huge current account deficits of the early
1980s in Malaysia resulted in a debt toGDP ratio reachingalmost8() percent
in 1986. Since then surpluses have brought this ratio to below 60 percent.

External debt increased rapidly in Thailand during the 1980s. Although
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Table 8.13 Income distribution: An international comparison
(circa, 1988)

Percent of national income Per capita income
Bofttom 20% Top 20% Ratio (US$)

(1) (2) (2/7) (3)

Asia

Hong Kong 5.4 47.0 8.70 9,220
Indonesia 8.8 41.3 4.69 440
Korea 5.7 45.3 7.95 3,600
Malaysia 4.6 51.2 11.13 1,940
Singapore 5.1 48.9 9.59 9.070
Taiwan 8.8 37.2 4.23 2,530
Thailand 5.6 49.8 8.89 1,000

Average 6.3 45.8 7.27 3,971

Latin America

Argentina 4.4 50.3 11.43 2,520
Brazil 2.4 62.6 26.08 2,160
Chile 4.2 60.4 14.38 1,510
Mexico 2.9 57.7 19.90 1.760
Peru 1.9 61.0 32.11 1,285
Venezuela 3.0 54.0 18.00 3,250

Average 3.1 57.7 18.61 2,080

Industrialized countries

France 6.3 40.8 6.48 16,090
England 5.8 39.5 6.81 12,810
Italy 6.8 41.0 6.03 13,330
Japan 8.7 37.5 4.31 21,020
United States 4.7 41.9 8.91 19,840
Fed. Rep. of Germany 6.8 38.7 5.69 18,480

Average 6.5 39.9 6.14 16,928

Source: World Bank.

it remained moderate by international standards (only between 1985 and
1987 did Thailand's foreign debt surpass 40 percent of GDP), it became a
source of concern for the authorities. Since 1987, however, the debt burden
has been falling steadily.

In Singapore external debt has never reached worrisome proportions.
At its peak in 1977, public and publicly guaranteed external debt was only
15 percent of GDP.
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Empirical analysis

This section presents an empirical test of some of the hypotheses outlined
above. How the different variables help explain private investment in
Korea, Singapore, Thailand, and Malaysia is investigated with pooled
cross-section-time series (panel) data. First, however, the efficiency of
investment is reviewed briefly.

The efficiency of investmnent

East Asian countries have achieved both high rates of economic growth and
high rates of investment. The question is whether their rates of growth are
as high as they should be given the resources invested. The higher the level
of investment, the less consumption there is today. Thus it is very important
to invest efficiently so that the sacrifice is adequately compensated in the
future.

Table 8-14 shows incremental capital/output ratios (ICORs) for the
four East Asian countries. The same definition used by Faini and de Melo
(1990) was used in computing them. That study distinguishes three groups
of countries: manufacturing exporters; primary' exporters; and developed
countries. The ICORs for the period 1970-86 in the three groups are 2.72,
2.16, and 2.50, respectively.

A comparison of the four East Asian countries with those in the Faini
and de Melo study reveals that investment in Korea, Thailand, and Malay-
sia was quite efficient. Their ICORs were within the range shown by the
most efficient countries. The sharp and short-lived increase in Malaysia's
figures during the mid-1980s was associated with the 1985-86 recession; in
subsequent years its ICORs showed a marked improvement.

Only Singapore seems somewhat less efficient in terms of the growth
associated with its ratesof investment. Its ICORs seem relativelyhighwhen
compared with those of other countries. Between 1971 and 1988, for example,
Singapore's average rate of growth of GDP of 8 percent was lower than that
of Korea (8.6 percent), while its rates of investment were substantially
higher (tables 8-1 and 8-2). As with Malaysia, the economic recession in the
mid-1980s greatly influenced Singapore's ICORs. In 1987 and 1988, how-
ever, the situation improved dramatically. Singapore's ICORs declined to
levels below the average for the most efficient group in the Faini and de Melo
sample, although not lower than those of the other three East Asian countries.

Econometric estimnation and resiults

A private investment function for Korea, Singapore, Thailand, and Malay-
sia is estimated here. The period of estimation-1975 to 1988-was largely
determined by the availabilitv of data.

According to the earlier discussion, private investment is considered to
be a function of:
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Table 8.14 The efficiency of investment, as measured by the incremental
capital/output ratio (ICOR)

Year Korea C;.%gapvjre Tlailand Malaysia

1971 1.47 2.37 2.25 1.78
1972 1.83 2.23 2.39 1.48
1973 1.23 2.30 1.61 1.37
1974 1.63 3.12 2.21 1.85

1975 1.80 3.61 2.04 3.14
1976 1.42 2.81 1.56 1.38
1977 1.86 2.57 1.78 1.82
1978 2.18 2.56 1.69 1.93
1979 2.65 2.48 2.23 1.69

1980 7.77 2.67 2.26 2.33
1981 2.03 2.82 2.06 2.65
1982 2.39 3.71 2.24 2.89
1983 1.84 3.55 1.88 2.80
1984 2.07 3.53 2.00 2.49

1985 2.33 8.07 2.39 5.21
1986 1.72 4.54 2.00 3.10
1987 1.85 2.44 1.61 1.96
1988 1.92 2.14 1.50 1.68

Average 1971-88 2.22 3.20 1.98 2.31
Average 1971-75 1.59 2.73 2.10 1.92
Average 1976-80 3.18 2.62 1.90 1.83
Average 1981-88 2.02 3.85 1.96 2.85

Notes: ICOR = Investment (t)/LGDP(t)-(l-d)GDP(t-1)l. d = depredation = 0.07.
Investment and GDP in constant prices.
Source: World Bank data base.

(a) Public investment. Theoretically two factors relate public and private
investment. On the one hand, as public investment increases, the produc-
tivity of private investment increases, with the resultant expectation of a
positive correlation. On the other hand, there is the usual argument that
crowding out results in reduced private investment. Thus, in this study
there was no a priori expectation about the sign of public investment in the
equation. It would depend on which effect dominated.

(b) External debt as a percentage of GDP. The debt overhang argument
implies a negative correlation between the external debt burden (in this case
measured by the debt to GDP ratio) and private investment.

(c) Credit as a percentage of GDP. The greater. the amount of credit
available to the privatesector, the more projects will be carried out. As such,
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a positive correlation of credit and private investment is expected.
(d) Interest rates. Higher real interest rates make investment more

costly. At the same time positive interest rates are often needed to promote
saving and thus to have an efficient financial sector, an argument advanced
by McKinnon (1973). This second factor would mean a positive correlation
between interest rates and private investment. Therefore there is a range
within which the correlation between both variables is unclear. Another
source of ambiguity about the effect of the real interest rate is that the
published interest rate in repressed credit markets probably does not mean
much. In all four countries the free market forces operating in the financial
sector have to some extent been repressed.

(e) Uncertainty and stability. The more predictable the future environ-
ment is, the larger private investment will be. The coefficient of variation
of the real exchange rate will be used as a proxy for this variable.

(f) Per capita growth. Although not discussed in the previous sections,
percapita growth is usually included in investmentequations tocapturethe
predictions of the flexible accelerator model. To avoid simultaneity prob-
lems the lagged value for this variable is used.

(g) Country-specificfactors,captured bya dummy variableforeach country.
Thus the equation takes the following form:

(8-1) IP/Y =flPCGR(t - 1), IPU, XD, CR, RIR, CVAR, WI

where IPIY = real private investment as a percentage of real GDP
(source as described in table 8-4).

PCGR(t - 1) = lagged percentage change in per capita GDP
(sources as described in tables 8-1-8-4).

IPU = real public investment as a percentage of real GDP
(source as described in table 8-4).

XD = extemal debt as a percentage of GDP
(sources as described in tables 8-1-8-4).

CR = credit to the private sector as a percentage of GDP
(source as described in table 8-7).

RIR = real interest rate (from the World Bank data base).
CVAR = Coefficient of variation of the real exchange rate

between year (t - 2) and year t
(source as described in table 8-11).

W = A vector of dummy variables, one for each country
in the sample, which takes the value of one for that
country and zero for the others.

The econometric results are presented in column 1 of table 8-15. All
signs confirm the previous hypotheses. Growth in per capita GDlP enters
with a positive sign and is highly significant. Public investment also enters
with a positive sign and is significant at less than 1 percent. This finding
supports the results obtained by Aschauer (1989a and b) for the United
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Table 8.15 Determinants of private investment-Korea, Singapore,
Thailand, and Malaysia
[Dependent variable: log (private investment as a percentage of GDP))

Variable (1) (2)

PCGR (t - 1) 0.019 0.018
(4.764) (4.466)

log(IPU) 0.178 0.180
(2.781) (2.778)

log(XD) 4)0153 -0.153
(-3.391) (-3.357)

log(CR) 0.177 0.177
(2.480) (2.458)

RIR -0.015 -0.016
(-2.204) (-2.210)

CVAR -1.402 -1.467
(-2.939) (-2.873)

log(RER) 0.052
(0.386)

Adjusted R2 0.919 0.918

S.E. of regression 0.082 0.083

No. of observations 54 54

Note: t-statistics are in parentheses.
Source: Authors' calculations.

States, by Greene and Villanueva (1990) for a group of developing countries,
and by Blejer and Khan (1984) for a different group of developing econo-
mies, also chapter 6 and chapter 7, this volume. Thus it appears that the
productivity effect dominates, so that public and private investment are
complementary. 2 9

As expected, external debt over GDP enters with a negative sign and is
highly significant. The coefficient of credlit as a percentage of GDP is
positive and significant, as explained.

Thereal interest rateenterssignificantly in theequation with a negative
sign. The implication is the interest rate's usual effects on the cost of credit
are more important than those of the repressed financial market, the
argument stressed by McKinnon (1973) and discussed above. This conclu-
sion is in line with the findings of Greene and Villanueva (1990) in their
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study of private investment in 23 developing countries, where they find a
negative relation between private investment and the real interest rate.

Finally, the measure of instability used here-the coefficient of varia-
tion of the real exchange rate-enters with a negative sign, significant at less
than the 1 percent level. This resultconfirms thehypothesis that uncertainty
and stability are important determinants of private investment. Further-
more, it is consistent with the findings of Solimano (1989) and Serven and
Solimano (1990b).

Another variable that may be related to private investment is the real
exchange rate, RER. As discussed, the sign of this variable is theoretically
ambiguous. Column (2) of table 8-14 shows the results when the real
exchange rate is included in the equation.30 As observed, the real exchange
ratedoes nothave any importanteffect in the regression: itscoefficient is not
significant, and the rest of the variables have very similar coefficients and
levels of significance.

The same regressions were run using lagged instead of contemporary
values for the different explanatory variables (except for per capita GDP,
which is already lagged). The signs remain the same, and the coefficients
remain significant in almost all possible combinations. in sum, the results
obtained here seem quite robust.

Conclusions

East Asian countries have achieved unparalleled economic performance
over the last two and a half decades. A distinctive characteristic of these
economies has been their high rates of growth, which have been possible
because of their major, sustained investment efforts. The ratios of invest-
ment to GDP in East Asia have reached world record levels. The high level
of investment has been supported by a strong base of domestic saving and
quite significant foreign saving. This performance has made important
social improvements possible.

Table 8-16 provides some summary economic and social indicators for
these countries. For purposes of comparison, the countries are divided into
three groups-East Asia, Southeast Asia (in general, the term East Asia has
been used in this chapter to refer to both regions), and Latin America. The
primary distinguishing characteristics of the two groups of Asian countries
are not only location, but-most important-natural resource endow-
ments. The East Asian economies of Korea, Hong Kong, Taiwan"1, and
Singapore are poor in natural resources, while the Southeast Asian coun-
tries (Malaysia, Thailand, and Indonesia) are rich. This division is impor-
tant for international comparisons, because the major Latin American
countries have abundant natural resources.

Althougih it may seem paradoxical, the poorly endowed economies
have significantly outperformed their natural resource-rich neighbors.
Malaysia, which had the highest fiscal deficits and the worst income
distribution of the countries analyzed in this chapter, has also been the
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Table 8.16 East Asia, Southeast Asia, and Latin America - economic and social
indicators

GNP per Inflation Life Infatit mortality rate
capita (anniual cxpectancy Adult (per 1,000 live births)

Regionsl (% growth, avyerage, (years, illiteracy
countries 1965-88) 1980-88) 1988) (%,1985) 1965 1988 %change

East Asia

Hong Kong 6.3 6.7 77 15.5 27 7 -74
Korea 6.8 5.0 70 - 62 24 -61
Singapore 7.2 1.2 74 17.5 26 7 -73

Average 6.8 4.3 73.7 16.5 38.3 12.7 -69.3

Southeast Asia

Indonesia 4.0 8.5 61 30.5 128 68 -47
Malaysia 4.0 1.3 70 30.5 55 23 -54
Thailand 4.3 3.1 65 10.5 88 30 -66

Average 4.1 4.3 65.3 23.8 90.3 40.3 -55

Latinr America

Argentina 0.( 290.5 71 5.0 58 31 -47
Brazil 3.6 188.7 65 23.0 104 61 -41
Colombia 2.4 24.1 68 12.5 86 39 -55
Chile 0.1 20.8 72 6.0 101 20 -80
Mexico 2.3 73.8 69 11.0 82 46 -44
Peru 0.1 119.1 62 18.5 130 86 -34
Uruguay 1.3 57.0 72 4.5 47 23 -51

Average 1.4 110.6 68.4 11.5 86.9 43.7 -50.3

Source: World Bank (various issues, 1990).

worst performer in everything but inflation. Consider growth in per capita

GDPover the period 1965-88. The averageannual increase in East Asia was

6.8 percent, whereas Southeast Asia achieved "only" 4.1 percent. Moreover,

every East Asian country has a rate of GDPgrowth atleast50 percent higher

than that of any Southeast Asian economy.

The rates of investment and saving in East Asia have been significantly

higher than in Southeast Asia, especially in recent years, with the differ-

ences usually around 10 percentage points of GDP. A qualification about

the efficiency of investment in Singapore is, however, necessary. Although

its efficiency appears to have been lower than that in the other countries



268 Adijustrtient an,d Investinoet Perfonnance

during the mid-1980s, it has since recovered significantly. Regarding
inflation, the results have been remarkable and much better than those of
industrialized economies. During the 1980s, for example, the average
annual rate of inflation in both regions was 4.3 percent, with Singapore and
Malaysia at slightly over than 1 percent. Here, there is no clear dominance
of East Asia over Southeast Asia.

The differences between East and Southeast Asia appear to be minor
when Latin America enters the picture. Average growth in per capita GDP
amounted to only 1.4 percent during 1965-88 for the seven countries in the
table. The rate of inflation was, at 110.6 percent on average, over 25 times
higher than that of Asia. The gaps in these two indicators are indeed
remarkable.

The progress in Asia has involved not just the economic scene. The
social indicators have improved dramafically as well. The rate of infant
mortality in East Asia declined by almost 70 percent on average between
1965 and 1988; in Southeast Asia the same indicator fell by 56 percent over
the same period and in Latin America by 50 percent. Once more, the first
region outperforms the second, which, in turn, outperforms the third.
Furthermore, infant mortality rates in Singapore and Hong Kong (at 7 per
1,000 live births) are the lowest in the worldi after Japan, Finland, and
Sweden. Life expectancy at birth in 1988 averaged 73.7 years in East Asia,
65.3 years in Southeast Asia, and 68.4 percent in Latin America. Adult
illiteracy in 1985 was 16.5 percent, 23.8 percent, and 11.5 percent in the three
regions, respectively.32 Latin American performance as measured by these
last two indicators improves. Moreover, in the case of the latter indicator,
it shows the best performance.

Private investment has been a dominant factor in East Asia's growth. In
Korea, the share of private investment in total investment has been over 80
percent, in both Singapore and Thailand over 70 percent, and in Malaysia
about 58 percent. Thus the participation of private investment in total
capital formation has been significantly higher in East Asia than in other
developing regions, such as Latin America (with the exception of Malaysia,
which has been comparable to Latin America). If the fact that total investment
rates are much higher than in other regions is taken into account, it is clear
that the rate of private investment to GDP is much higher in East Asia.

A handful of variables explains well econometrically the performance
of private investment in East Asia. An increase in GDP growth, public
investment, orcreditavailabilitv exerts a strong and positive influence over
private investment. Higher external debt, real interest rates, or variability
in the real exchange rate are clear disincentives to private investment.

With these results it is tempting to make some international compari-
sons. Why has private investment been so much stronger in East Asia than
in Latin America? Key differences appear to be the instability of
macroeconomic variables (measured here by the coefficient of variation of
the real exchange rate) and the ability (and willingness) toadjust to external
shocks. Byevery possible measure macroeconomic stability has been much
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higher in East Asia, a result of more stable and consistent policies. As a
result of these policies and the greater willingness to adjust, East Asia
weathered the debt crisis much better than Latin America did. Of the four
East Asian countries Singapore never had an external debt problem (it
privileged foreign direct investment over extemal debt), and Thailand's
problems with foreign debt were minor. By many indicators Korea had the
greatest problem with foreign debt among the four countries. It quickly
implemented an adjustment program, however, and also had the luck of
suffering itsdebtcrisis in 1979-80, before thegeneralized debtcrisis erupted.
According to Collins (1988a), in 1979-80 Korea was still able to borrow
overseas to support high rates of investment, a strategy that would have
been very difficult a few years later.

It is possible to conjecture that policy stability-and thus private
investment and growth-has been facilitated in Asia by a much more
equitable income distribution than Latin America's. Recent international
evidence (Alesina and Rodrik 1991) backs this argument but, because data
are not available, this issue could not be verified econometrically. The
relations among income distribution, private investment, and economic
growth remain a prominent issue on the research agenda.

Notes

1. We are very grateful to Susan Collins, Luis Serven, and And res Solimano
for their insightful comments annd suggestions. We have also benefitted
fromcomments at seminars held at theBanco Central deChile, Pontificia
Universidad Cat6lica de Chile, and the World Bank.

2. These four countries are referred to here as East Asian, although the
literature distinguishes between East Asian countries, or newly indus-
trialized countries (NICs) (Korea, Singapore, Taiwan, and Hong Kong),
and Southeast Asian ones (Indonesia, Thailand, Malaysia, and the
Philippines).

3. All dollars are current U.S. dollars unless otherwise specified.
4. Collins (1988b) has argued that one of the differences in the develop-

ment of Japan and Korea has been external borrowing. When personal
savings fell in Korea, the government financed investment through
increased external borrowing. In contrast, Japan curbed investment
when savings fell.

5. These figures are in real terms (1980dollars) at purchasing power parity
exchange rates. For the period 1986-88 growth rates from the national
accounts were used. Based on the same source, Korea's per capita GDP
went from US$797 in 1965 to US$4,112 in 1988, Thailand's from US$833
in 1965 to US$2,242 in 1988, and Malaysia's from US$1,309 to US$3,665.

6. Interestingly, whereas foreign authors consider Thailand to be a suc-
cess,Thai authors are much less enthusiastic (seeWarrand Nijathawom
1987).

7. Corden (1990) estimates the cost at about 4 percent of GDP.
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8. A World Bank book on Malaysia, for example, is suggestively titled
Malaysia: Growth and Equity in a MAultiracial Society (Young, Bussink, and
Hassan 1990).

9. There is no good set of data before 1970.
10. As will be discussed later, income inequality is one of the factors that

most strongly differentiates Malaysia from other East Asian countries.
11. The 12 countries are Argentina, Bolivia, Brazil, Chile, Colombia, Costa

Rica, Ecuador, Guatemala, Mexico, Peru, Uruguay, and Venezuela.
The period considered is 1975-87.

12. The government undertook austerity measures after the 1985-86 reces-
sion that included an important decline in public investment-from
16.5 percent of GDP in 1981-86 to 10.5 percent in 1987-88.

13. The criterion was to select countries with a 1960 per capita GDP at least
25 percent of the level in the United States. Data were taken from the
Summers and Heston data set.

14. For purposes of comparison the rate for Japan was 12.23 percent, the
United States 7.62 percent, and the United Kingdom 6.94 percent.

15. The pattern of going from current account deficits to surplus is embod-
ied in the theory of "balance of payments stages" originally suggested
by John Elliot Cairns in the nineteenth century. If the surpluses
continue, in the next stage some of these countries will become net
creditors vis-a-vis the rest of the world.

16. Total credit to the private sector is not, however,a perfect measureof the
importance of credit policies in these economies. A more complete
picture must include the allocationi of credit across sectors. A lack of
data precluded more work on this issue.

17. Hong Kong, however, pursued a more market-oriented strategy in the
financial sector. This approach may be the reason the indicators of
financial deepening show Hong Kong ahead of Singapore. The ratio of
money plus quasi-money to GDP in Hong Kong was about I 10 percent
in 1988.

18. The controls the government imposed on nominal interest rates in
Thailand during the 1970s resulted in negative real interest rates. In the
early 1980s the government relaxed these controls and raised the
ceilings on interest rates. This move, coupled with declining inflation
rates, resulted in positive real interest rates after 1982.

19. Recall, however, the criticism of Dornbusch and Reinoso (1989) of this
view.

20. Defined as the sum of monetary and quasi-monetary deposits in the
banking system, deflated by the consumer price index.

21. Some trace the Bank of Thailand's conservatism to the rule of King
Rama V (1868-1910), who had British financiers as economic advisors
(Warr and Nijathaworn 1987).

22. This figure, however, might not include revenues from public compa-
nies, especially the oil sector.

23. Serv6n and Solimano (1990a and b and chapter 2 in this volume) present
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a detailed discussion of the effects of a devaluation on investment.
24. There was a brief period of floating rates between 1979 and 1981.
25. For example, the simple average tariff rate for 1982-83 was 23.5 percent

(James, Naya, and Meier 1987, p. 37).
26. Control over the private lives of its citizens may, however, be much

greater. The government, for example, concerned that highly educated
women were not marrying, created a matchmaking agency for gradu-
ates. Military service is extended for those considered too fat, as obesity
is almost considered a public offense.

27. Dornbusch and Edwards (1990) and Sachs (1989a) analyze the populist
pattern in Latin America.

28. See Servten and Solimano (1990a and b and chapter 2 in this volume) for
a discussion of the debt overhang argument.

29. The lagged value of the public investment to GDP ratio was also used,
as it avoids a possible problem of spurious positive correlation that
arises because both private and public investment are divided by GDP.
The sign of the coefficient remained positive, but its significance fell.

30. The real exchange rate series were obtained from the World Bank data
base and are the same as those in tables 8-1-8-4.

31. Taiwan is not included in the table because of a lack of data.
32. Unfortunately, there are no figures on adult illiteracy and life expect-

ancy in these countries as of the late 1960s or early 1970s.
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9

Policies for the Recovery of Investment:
Panel Presentations

This chapter presents edited versions of the panel presentations made
at the conference on "Private Investment and Macroeconomic Adjustment
in Developing Countries," held at the World Bank in March 1991.

Rudiger Dornbusch

The setting in which investment will flourish has several ingredients,
among them: opportunities; prosperity; coordination; rules of the game;
and finance.

Opportunities

Some regions are blessed; others can offer barely any opportunities, no
matter how hard they try. Some regions of Africa fall into the latter
category, and so do parts of Latin America, for example, Bolivia. They once
offered opportunities, when their primary commodities benefitted from
attractive world prices. Ruled by oligarchies or colonial administrations
that single-mindedly fostered respect of property and the established order,
they offered plausible outlets for foreign capital. Today the commodities
are not worth much in the world markets, and political systems are
unstable. It is hard to make up for the lack of a god-given opportunity. Scale
economies favor production in industrial centers, transport costs are not
extreme, and the result is that an economy may not be attractive for
substantial investment. It will become depressed, and there is not much that
can be done about it. Frankly, emigration may be the best answer. Note that
this conclusion was voiced even for Ireland.

It might be argued that there is a wage in dollars low enough to make
production for the domestic and world markets profitable. I doubt that
argument is valid, because a wage that low becomes a political problem.
That problem in turn creates new difficulties that get in the way of invest-

275
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ment. I may be exaggerating this point about opportunity, but I believe we
should be far more cautious in advancing the view that the right policies can
makeany place a place in the sun. A jointeconomicand political equilibrium
may simply not exist in parts of the world that had good days but are now
"economic deserts." Ghost towns in the Far West are examples. Dirt-poor
countries may be undergoing the same phenomenon except that they
cannot move away.

Prosperity

The next ingredient for investment is prosperity-the feeling that things are
getting better and that they will continue to do so. While prosperity is
mostly in the minds of investors, for that very reason it is the chief driving
force of a broad-based investment boom.

Prosperity can be created easily. Even populists can do so. Former
President Alan Garcia of Peru is a good example. Two years of spending,
and he received a standing ovation from the business community-and a
healthy dose of investment. Three years later, however, the experiment
crashed (Dombusch and Edwards 1990). Thedangerwith prosperity is that
it may be built on sand and turn out to be very ephemeral, as was the case
in Peru. Prosperity in Peru, as in many developing countries, was charac-
terized by passion and unreason, by a fear of losing out on a good thing (for
example, a good investment opportunity), rather than by the centuries of
wise, moderate, and steady accumulation such as that underlying Swiss-
style prosperity. Hyndman and Hobson (1967, 153-54) offers a good
description of the former type of prosperity:

Buenos Aires surpassed every other city in its luxury, extrava-
gance and wholesale squandering of wealth. There was literally
no limit to the excesses of the wealthier classes. While money,
luxuries and material poured in on the one hand, crowds of
immigrants from Italy and other countries flocked in to perpetu-
ate the prosperity of the new Eldorado of the South. Railways,
docks, tramways, waterworks, gas-works, public buildings,
mansions, all were carried on at once in hot haste.

The commercial real estate experience of Massachusetts in the United
States in the late 1980s presents another example of the same phenomenon.
Prosperity is a powerful engine, but often for a risky trip.

Coordination

The profitability of an individual investment is almost inevitably
dependent on what happens elsewhere in the economy. This situation creates
a serious problem for investment: as with two Germans at the door, everybody
says, "Afteryou, please." If nobodygoes first, nothinghappens in theeconomy
(Dornbusch 1990). Even though everybody keeps sayingthe fundamentals are
right, they all hold off on investments except of the most liquid kind.
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Even though coordination is central to generating investment, often
little can be done to bring it about. Occasionally there are extraordinary
opportunities, as is the case in Mexico today. The large amount of flight
capital abroad would, if returned, easily cement economic stability. The
owners of the capital are waiting for the message to start the stampede. The
creative use of a free trade agreement may well become the coordinating
device that sends the message that all is well, that it is safe to come home.
When that message spreads, coordination is a done deal, and prosperity
will take off.

Rules of theganme

Luigi Einaudi, Italy's celebrated postwar finance minister and president,
said that investors have the memories of elephants, the hearts of lambs, and
the legs of hares. Institutions are there to assure investors of stability in
property rights and economic management. Without an institutional
setting, principal-agent problems cannot find a satisfactory resolution.
When they go unresolved, opportunities dry up.

Institutions. Decentralizationofresponsibilitiesanddecisions,specifi-
cally between lenders and producers, call for property rights that secure the
interest of lenders without unduly interfering with the ability of managers
to carry out long-term decisions. When property rights become insecure,
capital markets dry up, and the horizon of firms shrinks to a year, a month,
or a day.

In many places in Latin America, property rights are in question. There
is no way of securing equitable judgments in court, and majority owners
routinely deprive stockholders of their returns. Extremely low price/
earnings ratios on stocks often are a signal not of a country without
opportunity but of a country without an effective legal system. Venezuela
or Brazil are striking examples. Rules of the game also apply to
macroeconomic management. If real interest rates and exchange rates and
inflation rates are violently unstable, the horizon inevitably shrinks. With
theshrinkinghorizon comesa declinein profitabilityand reduced incentive

to invest. Of course, real interest rates and exchange rates are not the only
variables that count. Even so, a comparison of Argentina and Chile is
revealing. It is hardly surprising that in Argentina, which has three times
thevariability of Korea, investment is not only low-negative in net terms-
but it also has too short a horizon (Table 9-1).

Interventionist policies, particularly the recurrent use of price controls
and discretionary interference in firms' production and pricing plans add
to the instability of real exchange rates.

Continuity. Investors abhor transitions. Unresolved issues, in the way
discussed by Bemanke (1983), stand in the way of investment, whereas
continuity supports commitment.

The sound rule in banking is "never lend in a transition." This rule
applies with equal relevance to investment decisions. Governments there-
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Table 9.1 Variability of the real exchange rate
(coefficient of variation)

Argentina Korea

1970-79 18.1 9.9

1980-90 29.2 10.8

Souirce: Author's calculations.

fore must make every effort to move quickly to a sustainable regime and to
put in place mechanisms that ensure asset-holders against abrupt moves.
Governments must have a policil and not engage in day-to-day discretion-
ary reaction to events. This idea is fundamental to what is called
Ordningspolitik in Germany-stability with rules (Stutzel and others 1982).

The critical missing link in many Latin American countries today is
governance. Mexico exemplifies the critical role of purposeful government
in fostering confidence, growth, and the return of flight capital. Argentina
(until recently) or Brazil show how the melting, or outright wrecking, of
economic institutions ultimatelv undermines the willingness of citizens to
invest. In the end, the ensuing decapitalization undermines a country's
ability to pay yesterday's wages. Standards of living decline and make
politics increasingly difficult becausedistribution rather than growth areat

thecenterof public policy concern. Workers call foreconomic reactivation
as the answer to their plight, but in fact the country's ability to sustain past
standards of living has been dissipated.

Fin1ance

Last but not the least determinant of investment is finance. Here the focus
is on three issues: the initial debt overhang; the govemment budget as a
sourceof national saving; and, finally, the structureof financial intermedia-
tion.

The Debt Overhang. Unresolved debt problems, not debt per se, are an
obstacle to investment. It is hard for a man to establish a relationship with
a lender if the estranged wife keeps barging in claiming alimony. Mexico
has demonstrated that getting debt out of the headlines and off the front
page, however good or disappointing the deal is, is a critical first step in
focusing discussion on the far more important task of restructuring and
growth. The Brady Plan may not solve the debt problem, but it certainly is
a first-rate way to puslh the problem to the sidelines where it belongs.
Ultimately, after recon-struction, many countries can easily service their
debt. The chief issue is to take away its nuisance value today.

Stability and the Budget. Anyone who invested in nominal assets in
Argentina in the mid-1980s would in real terms have less than five cents on
thedollar today. Even if people save, nobody can expect them to invest that
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saving in a financial system that systematically robs them. In this environ-
ment of protracted financial instability, it is no surprise that capital flight is
endemic. The first priority in the area of finance must be to establish
financia I normalcy. The essential elements of normalcy are a balanced fiscal
budget and a stable exchange rate policy.

Whenrulesarestableandprosperityabounds,sodoessaving. Feldstein
and Horioka show that saving tends to be invested in the country. Thus,
unless instability drives saving out, a shortage of resources should not be an
issue. Moreover, if opportunities abound and the stability of the rules is not
in question, external saving will be available for the asking.

In their investigations of the linkage between international savingand
investment, Feldstein and Horioka find that saving tends to be predomi-
nantly invested in thecountry where it occurs. If it is true that what is saved
is available for investment, it must follow that if the government saves
more, more is available for private investment. Taxation is the most
effective means of increasing public sector saving. More attention should
be focused on creating broad-based, efficient tax systems that will reduce
the budget deficits. This measure would promote stability and make more
resources available for private investment.

The Structure of Financial Intermediation. There are important
questions regarding financial intermediation. Financial institutions are in
the business of intermediating between ultimate lenders and final borrow-
ers. How well do they do their job? Recurrent crises in the markets for
sovereign debt, the savings and loan scandal, and the fragility of commer-
cial banks in the United States, and thesame problem in many countries that
have "opened up," suggest that the structure of intermediation must be
viewed with extreme suspicion and subjected to the most thoughtful
regulation.

A key consideration is to achieve an intermediation system that focuses
on lending to small and medium-size firms for which theagency costs of the
capital market are prohibitive. Unfortunately, banks do not find these
businesses the most attractive and instead favor large projects such as the
debt of developing countries or vast real estate developments. History is
not on their side.

In the area of finance, equity markets are essential to avoiding an
economy that is overindebted. While there are problems with equity, they
fall short of the risks of an overly leveraged economy (Tirole 1991).

Robert S. Pindyck

Let me say a few things about investment at the risk of repeating some of
what I said at the conference. The kinds of models and issues that I
discussed yesterday essentially emphasize two parts of investment. The
first is the generationof valuableoptions to invest, that is, theabilityof firms
in countries to invest productively. The second is the exercising of these
options. When and how do firmsactually make their investmentdecisions?
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Most of the discussions at the conference (including my presentation
and those of Ricardo Caballero and others) focused on the second of these
issues. In other words, the concern was what encourages or discourages
firms from exercising their investment options? In this context, we gave
considerable attention to risk and the role of various kinds of uncertainty.
In some sense, these discussions elaborated on the obvious. Clearly, if the
economic environment is unstable and the rate of inflation is jumping from
1 percent a month to 20 percent a month, or if the country is politically
unstable, it is unlikely a lot of investment will take place. Do complicated
models really need to be developed to elaborate on this point? I say yes, for
tworeasons. Models help flesh outthestoryand identify how importantthe
various kinds of uncertainty are. They also help in comparing the role of
uncertainty and instability with other factors that can influence investment.

Nevertheless, the exercising of investment options is only one aspect of
investment, and in some sense it is being overemphasized. The actual
generation of these options is the other aspect. Where do they come from?
How can we help countries create the conditions that generate options to
invest? In the caseof the World Bank, it may have to support more analyses
at the micro level of industrial structure. It would be useful to look, for
example, at strategic complementarities: does promoting investment in
some sectors lead to greater investment in others, or does promoting
infrastructure create spillovers that increase the value of investment op-
tions throughout the economy?

The conference somewhat neglected the topic of investments in human
capital. 1 agree with Rudiger Dornbusch that education is a critical factor.
If we look at Southeast Asia and compare economic development in
Singaporeand Hong Kongwith that in Malaysia,clearlyeducation has been
very important. It seems almost obvious that education at various levels is
going to playa key role ingeneratingoptions to invest. While theexercising
of thoseoptions and the roleof stabilityand uncertainty are important, they
may be secondary to the generation of these options in the first place. I
would like to see more research aimed at getting a better understanding of
the conditions needed to create options for investment.

Dani Rodrik

I will discuss three sets of issues. The first has to do with the policy
implications of the investment irreversibility paradigm. The second relates
to a somewhat alternative perspective on private investment having to do
with bandwagon expectations and self-fulfilling prophecies. Third are
some "deeper" determinants of investment.

Policy implications of investment irreversibility

The main message of the irreversibility paradigm is that uncertainty mat-
ters a lot. Indeed, it may matter so much as to render insignificant some of
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the traditional determinants of investment, such as the cost of capital, level
of profitability, or tax incentives. Uncertainty is important both to the level
of investment and its responsiveness to changes in the economic environ-
ment: policy and macro uncertainty not only hurt investment, they also
make it less responsive to policy reforms.

We have heard surprisingly little on the policy implications of this
approach. At one level, these implications are obvious: policymakers
should avoid exacerbating uncertainty by establishing policies tha- are (or
are perceived as being) credible and sustainable. That said, although that
statement is valid and important, in practice it has little operafional signifi-
cance. We need to go furtherand state what the specific implications of that
statement are for the design of World Bank lending programs and policy
reforms.

Let me suggest a few implications. For inacroecofO?nic policy, the
irreversibility paradigm strengthens the orthodox message: ensure fiscal
rectitude and avoid overvalued exchange rates. Large fiscal deficits and
overvalued exchange rates are doubly bad-they wreak havoc with
macroeconomic balances, and they increase uncertainty. Much of the
uncertainty in developing countries can be traced to unsustainable macro
policies. Unsustainability implies a future policy change. Even though the
public can understand the need for policy change, neither the timing of the
change nor what comes after it can be predicted with any degree of
certainty. Hence, fiscal reform and currency devaluation (when used
sparingly) aregood for private investment because they resolve uncertainty.

At the nicroeconornic level of project ap)rai.sal, the irreversibility paradigm
also has clearcut implications. When world prices and domestic policies are
uncertain-in other words, most of the time-the traditional methods of
project appraisal have to be augmented by irreversibility considerations.
Waiting may often be a wiser course than building a plant that looks profitable
under current and expected future conditions. The developing world is full
of white elephants built before their time. Options pricing and dynamic
programming methods can be usefully brought to bear on such decisions.

Next are the so-called structuiral policies, such as trade and financial
sector reform. Here the implications of the irreversibility paradigm are not
clear. In fact, they may contradict the orthodox prescription. Too often,
structural reforms aim at replacing perfectly sustainable-if highly distort-
ing-policies with more liberal ones. Viewed from the perspective of the
irreversibility paradigm, such reforms have a hidden cost, as they often
increase uncertainty. Many factors contribute to this outcome. First,
structural reforms replace the rules of the game to which entrepreneurs
were accustomed with a new set of rules whose workings take time to get
used to. Second, the government's commitment to the reforms is often
suspect, as the reforms are undertaken under pressure from creditor
institutions. Third, in highly distorted settings the introduction of struc-
tural reforms can have highly unpredictable consequences. For all these
reasons, waiting may be the investors' natural reaction to structural reform.
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These considerations need not make structural reform undesirable.
The point is that if the irreversibility paradigm is to taken seriously, such
tradeoffs have to be considered explicitly and the appropriate implications
drawn for the design of structural adjustment programs.

Bandwagon expectations and self-fulfilling prophecies

There is an alternative way of viewing the disappointing investment
performance to date-through the self-fulfilling expectations paradigm.
Private investment is susceptible to an externality of a particular type: the
profitability of my investment depends on the investment of others. As
such, aggregate investment is highly sensitive to psychological factors and
bandwagon expectations. It is easy to get locked into a "bad" equilibrium,
with no one investing simply because no one expects others to do so.

Susan Collins and I recently surveyed large companies about their
investment plans in Eastern Europe and the former Soviet Union. One
question concemed the main reason they were attracted to the region. We
provided a listof some fundamental economic reasons as possibleanswers:
proximity to the European Community's market; low labor costs; and the
skill level of the region's labor force. Respondents ranked the "potential to
beat out competitors by being first" higher than any of these others. This
response brought home how interdependent investment decisions really are.

From this perspective, the investment shortfall in developing countries,
whatever may have caused it initially, can be viewed as reflecting a massive
failure in coordination. How do we get out of this low investment trap?
Economic models are not of much help. One broad conclusion, however, is
that large shocks, rather than marginal policy tinkering, are called for.
Investors need to be pushed from the bad equilibrium to the good one. This
shift can only be accomplished with large enough shocks. In practice, the
implications are several. The required shock may be large-scale capital
inflows from abroad, or it may be that govemments undertake large-scale
structural reform.

Note the potential conflict with the policy conclusions drawn from the
irreversibility paradigm. If the problem originates from a failure to coordi-
nate, shaking things up is a good idea, even if that measure increases
uncertainty. Thus, the paradigm with which the problem is approached
may make a big difference.

Deeper determinants of private investment

Finally, itis timeto thinkmoreabout some of the "deeper," more fundamen-
tal determinants of private investment. As summarized in chapter 6,
"Economic Adjustment and Investment Performance in Developing Coun-
tries: The Experience of the 1980s," one of the lessons to be drawn from the
evidence to date is the diversity of country experiences: investment has been
more resilient in Brazil than in Argentina, despite very similar macro
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problems; private investment appears to have responded to structural
reforms in Chile, Mexico, and Turkey, but not in Bolivia; the differences
between Asian and Latin American countries are well-known. "Diversity"
is really another name for ignorance: we simply do not know why these
outcomes have been so different.

Moreover, the irreversibility paradigm is rarely helpful in understand-
ing some of these differences. Too often, it leads to tautologous explana-
tions. It is tempting to argue, for example, that the poor performance of
Bolivian investment is the result of the continuing uncertainty in the policy
and macro environment. However, the only evidence is the poor perfor-
mance of Bolivian investment.

What are some of thedeeperdeterminants of private investment? They
are mainly structural and political in nature. In joint work with Sule Ozler,
we tried to extend the usual private investment equation to consider the
roles of some such variables. We derived two main results. First, private
investment tends to be higher, controlling for the other usual determinants,
in economies where political rights are more complete. Possible explana-
tions have to do with the better provision of property rights in more open
political systems or the greater willingness of organized labor to be accom-
modative in such environments. Second, higher levels of urbanization,
again with the appropriate controls, are associated with more drastic
reductions in investment in response to negative external shocks. The
implication is that high levels of urbanization are more conducive to
pemicious types of populist politics and make adjustment to shocks more
difficult. Neither of these results goes too far toward accounting for the
diversity noted above. However, they are indicative of the mileage that
might result from looking at a broader universe of determinants of invest-
ment.

Another important determinant may well be the distribution of income.
There isa growingbody of evidence thatsuggests thatcountrieswitha more
equal distribution of income grow faster, especially if the political system is
democratic. One explanation is that a large middle class and a sufficiently
widespread ownership of capital are necessary to ensure that growth-
inducing resources (capital of various sorts) are not taxed too heavily.

Uncovering some of these deeper determinants may serve more than an
academic purpose. They will help in understanding what portion of the
observed diversity in investment performance is truly structural (and
therefore not manipulable by policy) and what portion can be affected by
policies. Governments may not be able to push urbanization levels back, for
example, but they can certainly influence the distribution of income and
wealth.

Andr6s Solimano

My presentation focuses on two areas. I first draw some general lessons
from the results of this research project (including issues raised during the
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conference). I then point out some issues in the area of private investment
and macroeconomic adjustment that merit further research. My discussion
is selective rather than exhaustive.

Mvain lessons

First, the slowdown in capital formation in developing countries in the
1980s, which went well beyond a cyclical downturn, was closely linked to
the dramatic cut in foreign financing that took place after 1982 in developing
countries. This trend started to be reversed in the early 1990s, as capital
flowed back to Latin America in response to interest rate differentials, new
opportunities opened by privatization, and the structural reforms. How-
ever, the new cycle of capital inflows is not problem-free: it may be
unsustainable; it generates a tendency for real currency appreciation that
squeezes export profitability; and the sterilization of capital inflows may
generate losses to the Central Bank. All this may affect the sustainability of
the macro environment in which investment decisions are made.

Second, a main finding from the country experiences reviewed in this
project is the variety of the responses of investment to both economic
instabilitybeforereformandltoadjustmentpolicies. Aclearexampleofthat
diversity is the responses of private investment (and growth) in Chile,
Mexico, and Bolivia to adjustment and liberalization. In Chile, private
investors reacted quite forcefully to the new structure of incentives in the
late 1970sand late 1980s. In Mexico, the responseofinvestmentandgrowth
to the structural reforms launched in the mid-eighties has been more
moderate. In contrast, in Bolivia private investment has remained stagnant,
as has per capita growth, in the aftermath of stabilization and reform. The
experiences of Brazil and Argentina in the 1980s also illustrate the existence
of diversity in the response of private investment to acute economic
instability.

Third, the importance of macro stability and policy credibility for
promoting capital formation was discussed ad abstinato in the conference.
Certainly, stability and credibility are prerequisites for an adequate invest-
ment response to economic incentives. However, it is also clear that the
practical implications for policy design of the "credibility approach" are
still elusive (see also Rodrik's panel presentation). In fact, ways to increase
credibility may include either shock treatment at the macro level and rapid
liberalization or, to the contrary, gradualism so as to avoid the social
hardship that can invite policy reversals in a processof economic reform. As
is apparent, the "credibility approach" could be consistent with very
different policy implications.

Fourth, euphoria and booms of private investment in periods of abun-
dant credit should be treated with caution. Chile in the late 1970s-early
1980s offers a good example of how overoptimistic expectations by the
private sector may lead to an investment boom that, in the end, turns out to
be neither sustainable nor directed to the right sectors. The implications are
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clear: beware of the soundness of private investment decisions made at
times of widespread euphoria.

Fifth, econometric estimates of investment equations using panel data
show some robust results across time and space:

* Public investment (particularly in infrastructure) tends to be comple-
mentary to private investment.

* The level of the real exchange rate has an ambiguous and statistically
insignificant effect on (aggregate) private investment.

. The variability of the real exchange rate and of the rate of inflat-
ion have a significantly adverse effect on private investment. This find-
ing provides empirical support for the contention that the level of priv-
ate investment is inversely related to the degree of macroeconomic in
stability.

* The (high) ratio of external debt to GDP has a negative effect on the
private investment ratio. This finding confirms the argument that the debt
overhang is a powerful deterrent to private investment.

Issuesforfuture research

Let me focus on three areas where more research is needed. First, the
research under this project focused mainiv on the effects (and interactions)
of adjustment policies on the level (or quantity) of private investment.
Another important dimension is the productivity and quality of investment:
more analysis of the efficiency of investment is required to understand
better the crucial link between investment and economic growth.

The second, and related, area involves the need to explore the existence
of differences in productivity across different types of capital goods
(both physical and human). Moreover, the issue of externalities and
complementarities between investment in human capital and physical
capital, between foreign direct investment and nabonal investment, and
between public and private investment are worth exploring in more detail.

Third, a largely neglected but still important area where research is
clearly insufficient is the relationship between the distribution of income
and private investment. The degree of (in)equality in income distribution
may affect the level of private investment through differentchannels. First,
large income inequalities in the population may lead to social and political
instability and discourage private investment. Second, the propensity of
governments is to adopt populist policies that are destabilizing. Populism
has often been a (misconceived) response to claims for income redistribu-
tion. Then a more equitable distribution of income may be a necessary
condition for avoiding populist policies that ultimately have an adverse
effect on long-term investment. Third, income distribution may affect the
profit share and the level of profitability of investment. This puts limits on
the room for redistribution that can affect investment by reducing profit-
ability. New theoretical and empirical analysis in this field would be very
welcome.
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Fourth, this project chiefly focused on investment. However, a better
understanding of the determinant of savings and the interactions and
causality between investment, growth and savings is certainly necessary.

Luis Serv6n

I want to emphasize three lessons that follow from what was discussed at
the conference. The lessons themselves are sources of additional questions
that require new work. The first lesson is that public investment seems to
matter-and to matter greatly. However, this conclusion raises more
questions that it answers. First, it indicates that we need to look in much
more detail at the specific composition of public investment. We need to
separate those ingredients that are directly competing with private invest-
ment (for example, public investment in manufacturing, where the private
sector could be as competent as the public sector) from investment in items
such as infrastructure, as was mentioned. Then we have to go one step
beyond and include, among these complementary public expenditures,
those related to human capital, education, health, and the like. These
questions have to be looked at in more detail in a country-specific context.
Answering them is crucial to the design of reasonable, as opposed to
"irrational," fiscal adjustment.

My second lesson relates to another result emphasized at the confer-
ence. It seems that external debt matters a lot. A higher debt burden,
however measured, is associated with worsened investment performance.
Again, this conclusion raises more questions than it answers. Why is there
a negative association between high debt and investment? Is it because the
debt service has an adverse effect on the financing available to the country?
Is it because of the uncertainty associated with the need to meet the future
external transfers? Again, more work is needed in this area, in part because
of its importance to the evaluation of alternative financing arrangements,
such as alternative debt relief measures.

The third lesson relates to the role of uncertainty and instability. We
find consistently that instability matters-and matters a lot. We have made
significant analytical progress through the work of Robert S. Pindyck and
Ricardo Caballero in understanding why uncertainty matters for invest-
ment decisions. We have also made progress in designing methods for
evaluating how much it matters. One suggestion that emerges from recent
work in this area is that the specific effect uncertainty has on investment is
likely to depend very much on history, that is, on initial conditions.
Specifically, when the starting point in the business cycle is at a low point
(forexample,a recession) and uncertainty is great, it may bevery, very hard
to stimulate investment. Again, this dependence on history suggests the
need to look at specific country experiences and particular sources of
uncertainty.

This issue also relates to problems I would like to include under the
broad heading of uncertainty and instability. The first one is political
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instability, a crucial source of uncertainty in many countries that needs
careful analysis. Second is one specific form of political instability (already
mentioned) related to income distribution. More analytical work and an in-
depth look at country experiences are needed to acquire a better idea of the
implications of these two factors. They are quite important from the
viewpoint of policy because, as Rodrik and Solimano suggest, they deter-
mine what types of policy reforms may be adequate and feasible. Let me
add that they may also determine what the speed of policy reform should
be. Some drastic reforms may simply not be possible under certain political
circumstances-for example, under certain income distribution conditions.
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