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INTRODUCTION

Investment is the vehicle of economic growth and growing importance of
capital flows, especially foreign direct investment, and its observable role in achieving
high growth rates in many countries give rise to examine the relationship between
capital flows and domestic investment. The class of models of investment in
developing countries extends the previqus work in the theoretical literature on
investment in developed countries. However, applying these models to developing
countries has been difficult due to many market distortions, such as capital market
imperfection, economic and political uncertainty. Qil producing countries share most
of the common characteristics of developing counties. The tremendous political and
economic uncertainty in these countries create a “hit and run” or “wait and see”
attitude of the investors, which in turn delays investment, simply because there may be
a gain to be achieved by waiting in an uncertain environment and this implies a
reduction in aggregate investment. Also, the assumption of a perfect financial market
is far from justified due to inférmation asymmetries and poorly financial market
infrastructure. In addition, most of capital flows to these countries, especially FDI, are
directed to oil investment. Both, this type of FDI and domestic investment in this
stage of development are always associated with high fixed cost, which makes most of
these investments irreversible. This specificity combined with uncertainty deters both

domestic investment and foreign investment.
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Though there are many studies examined the relationship between investment
and uncertainty, there is no theoretical or empirical study we aware of that considers
the specificity of oil producing countries in this relationship. In addition, there is no
single study that examines the dynamic interaction relationship between capital flows
and domestic investment under uncertainty and capital market imperfection. This study
endeavors to fill this gap with a new investment model specification considering the
characteristics of oil producing countries.

In the first chapter, we discuss and analyze the recent development in the
theory of investment under uncertainty, irreversibility, and capital market
imperfections. In the context of developing economies, we examined different
investment strategies under inflation and credit market imperfection. We discussed,
using the real option theory, how the uncertainty and irreversibility make investors
exercise the option to delay investment until they get more accurate information or
until the uncertainty is resolved and this would lead to a fall in aggregate investment.
The analysis of capital market imperfection with uncertainty has many implications.
First, uncertainty combined with the imperfection will result in underinvestment.
Second, uncertainty with the imperfection in credit market may cancel out the effect of
interest rare on investment. We may expect a decrease in investment at the same time

. we see interest rate falling. Although these results are based on assumption that is
more realistic, uncertainty and imperfect markets, they may underpin the neoclassical
theory of investment in which financial factors are ignored. To test these results

.empirically we will consider a proxy for credit market imperfection and uncertainty
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measures, inter alia, credit availability uncertainty in our investment model. In sum,
this chapter proposes the most important variables considered in the investment model
developed in the dissertation

In the second chapter, we distinguish between risk, volatility, and uncertainty.
We constructs uncertainty measures for macroeconomic variables which have been
chosen from the first chapter to estimate a model for how‘ the uncertainty affects the
interaction between domestic investment and capital inflows in a sample of oil
producing countries and Middle East and North African countries (MENA). Through
this work we explore the sources and the importance of uncertainty in those countries
and then turn to discuss and examine empirically different approaches to measure
uncertainty. Specifically, we construct GARCH models to estimate inflation, exchange
rate, real interest rate, credit availability, and oil price uncertainty. In addition, we
investigate the impact of different shocks to oil price on the short run and long run oil
price uncertainty, the impact of Kuwait invasion in 1990, September 11, 2001, and
Traqi war in 2003.

In the third chapter, we examine the interaction relationships between capital
flows and domestic investment under uncertainty and capital market imperfection in 12
oil producing countries from 1981 to 2003 periods. We pose two questions: (1) is
there a dynamic interaction between capital flows and domestic investment, in other
words, which one leads the other? (2) If there is, how is this interaction affected by
uncertainty and capital market imperfection considering the specificity of oil producing

countries? To address these questions, a four simultaneous equations model is
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developed to capture the dynamic interaction between capital inflows and domestic
investment. We employ Wooldridge’s (1996) Generalized Method of Moments-three
stage least square, (GMM- 3SLS) estimator, to estimate the simultaneous equations
using different instrumental variables for each equation in a dynamic panel framework.
The contribution of this chapter to the literature is threefold. Firstly, it combines the
issue of the behavioral characteristics of different types of capital flows raised in the
1970-1990 periods and the more recent issue of their impact on domestic investment
in the recipient countries. Secondly, the paper is different from previous empirical
studies in the following aspects: (1) it considers the impact of uncertainty on
investment, but distinguishes whether the uncertainty is persistent or not; (2) we
consider that the imperfection of financial markets in these countries may lead
investors to explore other channels to pass through capital inflows. So we focus on
specific potential sources of credit market uncertainty: real interest rate uncertainty
and uncertainty of credit availability; (3) we consider the possible different effect of
each type of capital inflows on domestic investment to see how important the capital
flows composition is. Thirdly, up to our knowledge, the subject of the study has been
never addressed using GMM-3SLS technique. This technique accounts for a potential
endogeneity of explanatory variables, controls for country-specific fixed effects, and
enables the use of different instruments for each equation in the model.

Our findings show that bi-direction interactions between domestic investment,
foreign investment, and foreign bank loans exist. However FDI induces domestic

investment more than domestic investment does. FBL is the second most important
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component in capital flows in stimulating domestic investment but its impact is much
less than FDI. Also we find that the negative effect of credit uncertainty on investment
dampens the positive effect of financial development and hence deter investment. The
policy implications drawn from this study are essential for macroeconomic policy-
makers given that increasing capital mobility weakens the macroeconomic autonomy
via its potential effects on inflation, real exchange rate, and financial sector.

In the fourth chapter, we simulate the impacts of different policy responses on
capital flows and domestic investment to propose strategic policy initiatives. For doing
so, first: we discuss the macroeconomic problems, consequences, and policy issues
that the capital inflows cause. Second, we apply the model estimated in Chapter III
with the out-of-sample forecasts to examine the effects of different policy scenarios on
the path of endogenous variable; domestic investment, FDI, FBL, and FPI to the
Egyptian economy over the 2004- 2010 horizon. The results are: (1) sterilization
policy is not recommended, (2) reducing short run and long run oil prices is favorable
and has positive effects on both domestic investment and capital inflows, (3) a
contractionary fiscal policy implemented by cutting government expenditure is more
effective than increasing taxes in response to the “overheating” caused by the capital
inflow, and (4) reducing uncertainty in all variables has a favorable effect in increasing

domestic investment and FDI.
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. CHAPTER1
RECENT DEVELOPMENTS IN THE THEORY OF INVESTMENT UNDER
UNCERTAINTY AND IMPERFECT CAPITAL MARKET

Investment is the vehicle of economic growth and the hope of future

prosperity. Previous studies have explored the determinants of economic growth and

~ the majority of these studies conclude that the most robust effect is the positive
relationship between investment ahd the growth rate of output (Levine and Renelt,
1992). Indeed, the new growth theory further emphasizes the role of investment in the
growth process (Romer 1986, 1987; Lucas, 1988). More specific, demand for
investment -with the supply of savings- determine how much of an economy’s output
is invested and how the standard of living behaves over the long run. In addition,
Changes in investment spending are the driving force behind the business cycle. They
played a powerful role in every single recession and boom.

The framework of studying investment in developing countries is an extension
of previous work in the theoretical literature on investment. Therefore, the studying of
well-defined class of models of accelerator, cash flows, new classical theory, Tobin’s q
...etc. forms the solid ground to develop investment models specified to developing
countries. However, applying these models to developing countries has been difficult
due to many markets distortions, such as credit market imperfection, and little reliable
data (Blejer and Khan 1984). In addition, these models do not consider the specific
characteristics of developing countries such as low saving rates, the need fbr foreign

finance, and political and economic uncertainty. The flow of bank credit and capital

6
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flows are the most important sources to expand financial saving and hence, increase
investment. The way of allocating these resources is also important. The assumption of
a perfect financial market is far from justified in developing countries due to
information asymmetries, and poorly financial market infrastructure. It has been known
that the absence of functioning financial market and uncertainty make investors less
eager to invest.

A relatively recent theoretical literature has focused on the role played by
uncertainty in shaping the investment decisions (Dixit and Pindyck, 1994). It is well
known that the combination of the typically irreversible nature of investment,
uncertainty about the future benefits and costs of the investment project, and some
flexibility about investmént timing, may have a substantial impact on the investment
behavior. The uncertain macroeconomic environment in developing countries cre;ates
a “hit and run” or “wait and see” attitude of the investors, which in turn delays
investment, simply because there may be a gain to be achieved by waiting in an
uncertain environment and this implies a reduction in aggregate investment.

The growing importance of capital flows; especially foreign direct investment,
and its observable role in achieving high growth rates in many developing countries
give rise to examine the relationship between capital flows and domestic investment.
Investment is the most effective chamel through which capital flows affect growth. Of
course, much has been written about investment and many surveys and surveys of
surveys already exist. Instead of surveying, the goal of this chapter is to discuss the

relatively new theories in investment focusing on the effect of uncertainty and
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irreversibility on investment decision. What I plan to discuss and analyze is the
fundamental relaﬁonships between domestic investment and capital flows under
uncertainty. We use this analysis as a basis for developing an appropriate model of the
interaction between investment and capital flows in Chapter III.

The rest of the chapter is a follows, in section two we review the testable
‘hypotheses in investment theories. Section three discuses the modern theory of
investment under uncertainty and we focus on the real option theory. Section four
analyzes the role of credit and market imperfection and uncertainty in deterring
investment. Section five explores the interaction relationships between capital flows

and domestic investment. Section six sheds light on the role of government.
1- Investment Theories (Brief Survey)

1.1 The Accelerator Model

One of the earliest empirical models of aggregate investment behavior is the
accelerator model, which was put forward by J. M. Clark in 1917 as a possible reason
to rationalize the volatility of investment expenditures. The accelerator model is based
on the assumption of a fixed capital/output ratio. There are many well-known versions
of the accelerator model. The naive acéelerator simply asserts that not only does the
optimal capital stock (K* = oY ) bear a fixed factor a (capital-output ratio) of
proportionality to output Y, but also the capital stock is always optimally adjusted
instantaneously in each time period, implying that K*;= K, and therefore the net

investment is
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NIt=K¢—Ki-1=at—Yr D

This naive accelerator model has not fared well in empirical analysis, due in part to the
restrictive instantaneous adjustment assumption. It is also unable to account for the
serial correlation of investment beyond that of output growth. The flexible accelerator
model was introduced to overcome these problems. The adjustment of capital stock to
its optimal level is assumed to be a constant proportion ¢ of the gap between K" and
K. ie I= ¢ (K*-K.1). Since K*;=aY, then the flexible accelerator can be written
as:

NIt=K¢—Ki-1=#Ki-K¢-D=28Y~$ Kt _1
Without details of derivations, we can identify many versions of the flexible accelerator
model. For example,

Mt=Kt-Kt-1=0l0 -Vt -D+a0-$)Fs-1-Ye-D+a0-$ Ut g -1 _D+.] (1)
Equation (1) shows two things. First, the net investment (the change in capital stock)
depends on current and lagged changes in output. Second the effect of output changes
on investment is distributed over an infinite number of future time periods. Another
version of accelerator model is to add replacement investment to get gross investment
(GD.

Glt=apY1+(G-HKe-1 @
~ 'Where 6 is a constant and represents a depreciation rate. Avoiding the difficulties in

obtaining a reliable measure of capital stock, we can estimate the following equation.

Glt=apY(-(A-OapYi_1+(-a)Gl¢-1  (3)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Equation (3) is called “Koyck transformation”. This equation can be estimated without
employing any capital stock data and & can be estimated instead of assuming it. The
main advantage of the accelerator model is its simplicity. It says that the investment is
a function only of current and lagged output and lagged capital stock. The economic
rational behind that is the current output is a signal to think about investment in the
current period and the lagged output terms represent the gradual response of
investment to changes in final deniand including gestation lags. The lagged capital
stock, which bears the coefficient (6-), is the base for calculating replacement
investment and is to adjust the gap between desired and actual capital stock since the
capital output ratio is constant by assumption. The absence of prices, wages, and
taxes, (the cost of capital in particular) from the accelerator model has earned it

disrespect despite its empirical success.

1.2 The Neoclassical Model

This theory intended to remedy the absence of capital cost and the substitution
possibilities between capital and labor, which was ignored by assuming constant
capital, output ratio in accelerator model. Jorgenson (1963, 1971) started from the
optimization problem that relates the desired capital stock to interest rate, capital
prices, and tax policies. The pioneering studies by Jorgenson and his associates are
widely used until this day. Consider a model of a perfectly competitive firm facing no
adjustment costs, myopic expectations, and two inputs. Profits function can be written
as:

ntEPth—tht?cth

10
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Where P is the price of output (Y), @ is the wage rate. L is the hours of labor services;
‘c is the user cost of capital, and X is the quantity of capital services. In Jorgenson
specification, the firm chooses time paths of inputs and output to maximize the present
value of the profit subject to Cobb-Douglas production function. The durability of
capital goods involves uncertainties about lifetime of capital goods, future prices, of
inputs and output, and future output demands. Also, long-lived equipments means that
the firms might not be able to dispose of unwanted capital goods, this problem called
irreversibility of investment. Both problems make the present value optimization
problem very complex. To avoid this problem Jorgenson assumed the existence of a
perfect market for used capital goods. This means that the firm can sell its capital
goods at price equals to the present value of the expected service in the remaining
lifetimes.

Using the traditional Lagrangian multiplier and solving for the level of K" such
that the marginal physical product of capital equals the real user cost of capital,

Jorgenson obtained

K'=K =pr Ic}, “)
Where, f is the share of capital in Cobb-Douglas production function. Equation (4)
implies that K is decreasing in c. To apply this equation interest rate, capital
gains/losses, depreciation rate, and tax rate are included in the user cost of capital (c).

Specifying constant returns to scale Cobb-Douglas production technology with some

mathematical manipulation, the net investment function can be written as:

11
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Nl ¢ =

J

"8

(P - )
By y®-¥ic),

Where v; is constant over time and j is the periods that the order (investment) takes to
be delivered. Equation (5) relates current net investment NI, to a distributed lag
function of current and previous investment, to current and previous changes in the
optimal capital stock, and finally to current lagged output and real user cost. Adding
the replacement investment 0K, we obtain the gross investment.

In sum, the neoclassical investment rhodel is attractive on theoretical grounds
because it gives the optimal capital stock in a rigorous framework; it is the net present
value rule (NPV). The marginal approach suggests that firms keep on investing until
the value of an incremental value of the capitals equals to its cost, without regard to
what they expect future marginal revenue products or user costs to be (Berndt, 1996).
However, the foundations of neoclassical iﬁvestmex;t model have been criticized on the
grounds that: the assumptions of perfeét competition, zero adjustment cost, and
exogenously given output are inconsistent; the assumption of static expectations about
future prices, output, and interest rates is inappropriate, since investment is essentially
forward-looking. In addition, the neoclassical model is for optimal capital stock not
optimal investment so the choice of the lags (in decision making and delivery) are
introduced ad hoc rather than based on optimization theory. Finally, by assuming the
existence of perfect competitive secondhand market for used capital goods, the model

considered that all investment is reversible which is not realistic.

12

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1.3 Tobin’s g Model

In practice expectation about demand and costs are central to investment
decisions. Firms expand when they expect their sales to be growing and their cost to
be low and vice versa. Thus it is costly for a firm to increase or decrease its capital
stock. This adjustment cost was assumed to equal zero in neoclassical model. Tobin
(1969) introduced a model of investment with adjustment cost, known as g theory of
investment. Under price-taking setting and constant returns to scale production
function, fhe firm’s real profits are proportional to firm’s capital stock (k) and
decreasing in the industry-wide capital stock (K). We assume that the real interest rate
(r) is constant; the purchase price of capital is constant and equal 1 so that the firm has
only internal adjustment costs, and no depreciation. The key assumption of the model
is that the adjustment costs are a convex function of the rate of change of the firm’s
capital stock. This assumption implies that the marginal adjustment cost is increasing
in the size of the adjustment.

In a discrete-time version, the firm maximizes the present value of profits

Kk~ I;~C(1p) Subject to ke = k¢ +1i. where I is the firm’s investment, C(I) is the

adjustment cost. For brevity, we will not carry out the mathematical derivations, which
can be found in any textbook, see for example (Romer, 2001). Instead, we will focus
on the intuition and implications. The first order condition of the profits maximizing

problem in period t is given by equation (6).

qt=1+c'(lt) )
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Where q, = (1+f)'h shows the value to the firm as a result of an additional unit of
capital at time t+1 in time-t value and A, is the Lagrange multiplier. Equation (6)
simply shows that the firm invests to the point where the cost of acquiring capital
(purchase price plus marginal cost of adjustment) equals the value of the capital. The
idea is that an increase in capital by one unit will increase the present value of the firm
by q. Hence, q is the market value of a unit of capital. If the ownership is traded in the
stdck market, q will distinguish any firm with one more unit of capital from the other.
Since the purchase price (replacement cost) is fixed at 1, then q is the ratio of market
value of a unit of capital to its replacement cost. . However, if the investment
ownership is not traded in the stock market, we can compute the value as an expected
increase in the present value of profits as a result of installing an additional unit of
capital and its replacement cost.

All information about the future that is relevant to the firm’s investment
decision with adjustment costs is summarized in q. The uncertainty about future price,
demand, costs, taxes, and other factors affecting future profitability are explicitly
included in the investment decision. When the increase in the firm’s market value
exceeds (or less than) the replacement cost, firms will desire to increase (or decrease)
their capital stock. The investment decision is made when q is equal or greater than 1.

- The investment is an increasing function of marginal q in the presence of convex
adjustment costs.

However, it is not easy to measure marginal q. Hayashi (1982) proved that,

under perfect competition and constant returns to scale marginal q is equal to average
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g, which is the ratio of the market value of the entire existing capital stock to its
replacement cost. He point also to the problems in using average q. If firms enjoy

- economies of scale or market power, or 1f they cannot sell all they want, marginal q
will be different from average q. 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 proportional 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
because capital goods often are firm specific and have a low resale value.

In contrast to these complicated theoretical studies, large number of recent
empirical researches report that investment is not obviously related to q as expected.
The recent literature has involved in solving this ambiguous relationship by focusing
on three issues: uncertainty, irreversibility, and the option to wait and delay

investment.

2- Modern Theory of Investment Under Uncertainty
The modern theory of investment under uncertainty is based on the interaction
* among three characteristics of investment, which were ignored totally or partially in
previous theories. These three characteristics are uncertainty, irreversibility, and “wait
and see” attitude in making investment decisions. The new literature, known as the
real option theory of investment, is led by (McDonald and Siegel, 1986; Ingersol and

Ross, 1992; Pindyck, 1993; Dixit and Pindyck, 1994). Although most of this literature

focuses on models of firm behavior, there are many implications for aggregate

15

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



investment. In this section, I will explain the importance of uncertainty in investment
decision, how previous theories addressed it, the real option theory and its new
implications for investment decision, and finally the relationship between investment

and different sources of uncertainty.

2.1 The Importance of Uncertainty to Investment

Investors necessarily look into the future before undertaking any investments.
Therefore, investment behavior will be responsive to the degree of investor uncertainty
about future prices, rates of return, and economic conditions. Indeed, Keynes (1936)
was the first who pointed out that the animal spirits of private investors would be the
main driving force in investment volatility since any rational assessment of the return
on investment was bounded to be uncertain. In the early investment models,
accelerator models and adjustment costs hereafter, the role of uncertainty—embodied
in the backward looking expectations formation—was implicitly introduced through
the inclusion of lagged variables. These attempts to capture the uncertainty effect had
Been criticized according to its ad hoc approach. The neoclassical theory did not pay
much attention to the roles of expectations and uncertainty; it just assumed static
expectation about future prices. Indeed, while the neoclassical model considered static
expectations about future, the role of future expectations was made explicit in g-
models of investment (Tobin, 1969) when agents’ expectations about future conditions
are included in the corporate stock valuation.

Before analyzing the effects of real option theory and its application to the

relationship between investment and uncertainty, it is worth citing the theoretical
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directional relationship between investment and uncertainty. Nickell (1978) noted that
uncertainty reduces investment in the presence of adjustment costs, or in Tobin’s q.
However, Hartman (1972) and Abel and Eberly (1995) explained that increased
uncertainty might raise investment because it can raise the marginal profitability of
capital, and hence increase investment. In the theory, the two different eXpected signs
of the relationship between investment and uncertainty depend on the shape of the
margiﬁal revenue product of capital (MRP,) as a function of the shock. The shock here
is any change in mean preserving in the variance of an uncertain variable of interest. If
the function is convex, then a mean-preserving increase in the variance of an uncertain
variable will increase investment and the opposite for concave function. The flexibility
of labor-capital ratio is the important assumption made to produce convex function in
Abel (1983), and hence positive relation between uncertainty and investment. For
example, assume a firm with a fixed labor-capital ratio faces a price shock. The MRPy
function will be linear because the firm cannot adjust to such a shock. On the other
hand, if labor can be adjusted, then the change in MRPy will be more than the change
in price i.e., convex MRP; (Leahy and Whited 1996).

Models that predict concave MRP, function are the class of models with
irreversible investment. Partially or totally irreversibilities generate asymmetry in
investment return. When the outlook is worse than expected, MRPy falls and the
investors will be locked in with low return. In contrast, if the outlooks improve and
there is incentive to invest more, the rise in MRPy will be limited. This asymmetry or

hysteresis generates concave MRPy, function. Therefore, greater uncertainty makes
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investment undesirable. Irreversibility means that the sunk cost involved in investment
‘expenditures cannot be recovered because it is a firm or an industry specific.
Irreversibility may also arise because of the absence of well functioning secondary
market for capital in most countries.

There are economic rationales behind translating uncertainty on the firm level
into aggregate level. It has been discussed that if firm or industry fluctuations in
unceftainty are not coincident, then these fluctuations will simply cancel each other out
at the aggregate level. However, Bernanke (1983) discusses two possible reasons why
the effects of uncertainty may not average out at the aggregate level. Firstly,
macroeconomic factors, such as uncertainty about future interest, exchange and

., inflation rates or shocks in fiscal or monetary policy, affect on the micro level decision-
making. Secondly, aggregate uncertainty may be generated or propagated by
individual decision makers. If an individual firm is uncertain about whether an
aggregate demand shock is transitory or permanent, then the decision to invest may be
delayed in order to learn about its degree of permanence. Bernanke (1983) argues that
the irreversibility of investment is one of such propagating mechanism. Similarly, if
firms are uncertain about the impact of an aggregate demand shock on their individual
demand levels, they may delay decisions (Carruth et al, 2000). |

Bertola and Caballero (1994) investigate the properties of aggregate
investment under irreversibility. They argue that microeconomic irreversibilities in the
presence of idiosyncratic uncertainty are also relevant to aggregate investment

dynamics. Their theoretical analysis demonstrates that, in complete reversibility and
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uncertainty, the rate of investment for a revenue-maximizing firm at any point in time
will depend on the capital stock and the user cost of capital, augmented by terms to
capture the stochastic effects of uncertainty on revenue. They construct a hypothetical
desired aggregate investment-capital stock ratio under the assumption of reversible

investment and compare this to the observed investment ratio using the following

relationship:
LA - Y L ™
(F)t—l—gmlny' Aln ¢yg) l_g(F)T‘*ma

. v
where 1. y and (L) are the reversible and actual investment rates respectively, Y is
K¢ XK'r

revenue (proportional to GNP), ¢ is a neoclassical user cost of capital series, & is the
depreciation rate and & is a parameter capturing the elasticity of output with respect to
capital. Bertola and Caballero show that for reasonable values of a and o, the
calculated rate of reversible investment displays much greater cyclical volatility than
does the actual series. Moreover, the actual series displays much greater first order
serial correlation than the reversible investment series.

Evidence for the aggregate investment-uncertainty relationship has been found
using a variety of empirical approaches, and the broad conclusion is that the negative
“option” effect outweighs the positive “Hartman-Abel” effect of uncertainty on the
marginal value of capital. The results of the various aggregate empirical studies that
attempt to correlate investment with alternative methods for proxying uncertainty
show that the relationship is negative. By contrast, the results of the smaller number of

disaggregated studies are far less conclusive (Carruth et. al, 2000).
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2.2 Real Option Theory and Investment Under Uncertainty

The new theories of investment start from the observation of that the NPV
rule, which is the basis in the neoclassical model, ignores three important issues in
investment decision, which are irreversibility, uncertainty and the possibility to delay
investment (option to wait). The possibility to delay means that the investment
decision is no longer “now-or-never” decision as assumed is neoclassical model.
Waiting for more accurate information or solving the uncertainty surrounding the
investment decision is valuable and its value shouid be compared with the opportunity
cost of not to invest now. The option to delay irreversible investment cén alter the
decision to invest. In this case, the NPV is not applicable. Moreover, it undermines the
theoreﬁcal foundation of neoclassical investment model (Dixit and Pindyck 1994). In
brief, projects that have negative NPVs may have positive NPVs once the value
options purchased are included. The new theory of investment has been developed on
the idea of that, an investment today buys options to invest later, and the analysis of
such an investment must account for the value of these options. In addition, an option-

- driven strategy assumes that an investment today may derive its value from the future
choices it makes possible (Kogut and Kulatilaka, 1985).

The book of Dixit and Pindyck (1994) on the effect of uncertainty provides a
valuable survey of advances in this literature. They presented an option-based model of
irreversible investment in coﬁditions of uncertainty. In their model, the ability to delay
an irreversible investment decision is similar to a financial call option. The possibility

of postponing an investment has a cost as well as a benefit. The benefits resulting from
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the arrival of new information might outweigh the cost under conditions of
uncertainty. By waiting, the firm incurs a loss in the expected profits; however, new
information under uncertainty is so valuable that it might lead to higher profits in the
future. This suggests a critical threshold above which investment is undértaken. That
is, investment takes place at the point where net present value of the investment
project is positive such that it is gréater than the value of postponing the project to the
investor. |

To explain how irreversibility and uncertainty affect the investment, consider
the following example. Assume a monopolist who faces sunk cost (I) to start a project
whose present value is V. under the NPV rule, if V-I > o, the investor will go ahead
and invest. Now if V is variable over time and evolves according to geometric
Brownian motion:

dV = aVdt + oVdz ®)

Where dz is the increment of a Wiener process, a. is the mean of dV and ¢ is the
standard deviation of dV. Equation (8) implies that the current value of the project is
known but the future value is lognormally distributed with expected value E (V) =V
exp (az) and a variance growing linearly with the time horizon t. Since V evolves
when information arrives, the future value of the investment is always uncertain. The
firm will maximize the expected present value of the investment opportunity, given by
F (V) =max E [(V-]) exp (-pI)]. The solution to this problem is given by equation
9).

*

- B 9
V—ﬂ_ll )]
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Equation (9) defines the wedge f/ (8-1) between the payoff needed to induce the
investor to exercise the option to invest ¥* and the present value of the cost of the
investment L. given that > 1, the wedge is always greater than 1, and hence V" >1I.
The size of the wedge is positively related to uncertainty about future returns o,
discount rate p, and the drift term in the evolution process of the expected rate of
return a. The wedge converges to unity when £ increases and in this case NPV and
real option rules coincide.

According to the preceding analysis, the higher the level of uncertainty and the
greater the irreversibility investment, the greater the opportunity cost of undertaking
the investment in the current time. Investors will require a higher rate of return in
order to compensate for the opportunity cost of exercising the option to invest rather
than waiting. When the rate of returns are constrained by the availability of investment
opportunities, the productive capacity of these investments, and the efficiency in
allocating resources, then under the coﬁdiﬁons of real option theory investors will
choose the option to delay investment and this would lead to a fall in aggregate
investment. The model of irreversible investment under uncértainty identifies the
conditions under which the investment should be undertaken, rather than giving a
structural model of investment. However, the predictions of this approach are quite
clear in the sense that uncertainty plays an important role in determining private
investment although the analytical studies present different results on the sign of the

effect of uncertainty (Serven, 1998).
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2.3 Inflation, Inflation Uncertainty, and Investment

Intuitively, inflation uncertainty is the degree to which the future inflation rate
is unknown in the sense of not being predictable, given past performance (Golob
1993). Similarly, long-run price-level uncertainty is the extent to which the longer-
term path of the price level is unpredictable. Since these concepts seemed to be closely
linked, however they are still distinct. Then, a high level of long-term inflation
uncertainty would still imply a high level of price-level uncertainty. The connection

 between inflation uncertainty and investment can be through uncerfainty about real
wages, output price, and /or real profit.

A typical mechanism through which inflation uncertainty affects business
investment is through the discount rate that is used to calculate the expected net
present value, that is, its effect on the cost of capital. Increased uncertainty clearly
raises the cost of capital through its effect on the discount rate used to calculate the
expected net present value. If the firm cannot diversify the uncertainty about real
future payoffs, increased uncertainty will deter a firm from undertaking capital
expenditure (Huizinga, 1993). The mechanisms through which changes in inflation
uncerfainty may affect longer-term real economic performance can also be found in the
recent theoretical literature on investment and irreversibility. The implications of the
assumption of irreversibility for investment decision-making are likely to be even more
important in situations of high levels of aggregate- or industry-wide uncertainty (non-

diversified uncertainty).
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In contrast, the theoretical work by Abel (1983) shows that the benefits of
having a high capital stock when the price-cost-ratio is high outweigh the costs of
having a high capital stock when price-ratio is low. This suggests that increased
uncertainty about a firm’s ratio of output price to variable cost should increase capital

stock. However, in the context of real option theory, when the firm decides to invest,
it ignores an option and this option becomes more valuable with higher inflation
uncertainty leading new firms to be reluctant to invest, given the assumption of
irreversibility. For a new firm, higher uncertainty would lower the optimal capital
stock.

As well, if the economic environment in the future is perceived to be more
uncertain than at present, then the required level of profitability on new investment
projects will rise, leading to a clear reduction in investment (Caballero et al 1997).
Moreover, the objective of the promotion of aggregate capital spending is likely to be
better achieved by stable and credible macroeconomic policies than by frequent
changes in tax rates or interest rates (Pindyck 1991). In particular, a significant
increase in uncertainty regarding future economic policies would likely raise the value
to many firms of waiting for more information, and lead them to reduce investment
expenditures substantially, at least in the short run. The analysis of economic behavior
in models with incomplete market implies that an increase in uncertainty regarding
future incomes, part of which might reflect higher long-run inflation uncertainty,
would lead households to reduce current consumption, while firms would postpone

selected irreversible investment projects (Dréze 1999).
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In financial investment, if there is a substantial rise in uncertainty regarding the
future path of aggregate prices, then it becomes much riskier for agents to hold un-
indexed longer-term nominal assets. The recent theoretical literature focusing on
asymmetric information in credit market shows how higher rates of inflation can impair
the effective functioning of the financial market. An increase in the rate of inflation
lowers the real rate of return on all financial assets, thereby increasing the level of
frictions in credit markets and consequently reducing investment spending (Huybens
and Smith 1999). In addition, it seems likely that financial markets would perform less
effectively if inflation and long-run inflation uncertainty rose. The various effects on
financial markets arising from greater long-term inflation uncertainty have adverse
effects on investment and economic growth.

Focusing on the source of uncertainty, short versus long run effect, Chadha
and Sarno (2002) found evidence of a clear link between uncertainty in the price level
and investment. Moreover, they found that short-run uncertainty is more important in
determining real activity than long-run uncertaihty. Ball and Cecchetti (1990) when
considering the impact of uncertainty in inflation on the level of inflation itself also

raised this point.

- 2.4 Exchange Rate, Exchange Rate Uncertainty, and Investment
| Exchange rate changes and uncertainty surrounding it affect domestic
investment through three forces: (I) Sectoral profitability effect, (IT) Location Effect,
and (III) portfolio and Wealth effect (Goldberg 1990). Sectoral profitability is affected

by both Exchange rate changes and exchange rate uncertainty. Depreciation
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(appreciation) changes relative-price, which increase (decrease) demands for exports
and import-competing goods. Increased (decreased) profitability of domestic
producers caused by depreciation (appreciation) would lead firms to expand (contract)
investment in capacity and new plant and equipment. In addition, the real income-
reducing (increasiﬂg) effect of depreciation (appreciation) méy lead to a contraction
(exbansion) in domestic demand, which exceed corresponding increases (decreases) in
foreign demand for domestic goods. Furthermore, in the absence of domestic
substitutes for imported intermediate inputs, the depreciation (appreciation) increase
(decrease) the marginal costs of production and hence appears to be negative/positive
supply shock. The net effects of the exchange rate changes on foreign demand for

| domestic goods have determinate effect on prices but not quantity. This suggests that
the expected effect of exchange rates on investment is ambiguous.

On the other hand, exchange rate uncertainty affects the sectoral profitability
via its impact on expected costs of production and revenues from international sales.
The sign of fhis relationship depends on the balance of three factors: (1) the negative
effects from risk aversion of investors, (2) the negative effects of investment
irreversibilities, (3) the positive effects from convexity in prices, and (4) the negative
effects from a profit and price uncertainty relationship that is possible under imperfect
competition (Goldberg 1993).

The “location effect” refers to the entry and exit of firms from the market in
response to exchange rate changes and exchange rate uncertainty (Goldberg 1990).

These effects depend on the barriers to entry, the sunk cost of exiting. The location
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channel for the impact of exchange rate uncertainty on investment depends on the
exposure of both domestic and foreign producers to foreign exchange rate changes.
High exchange rate uncertainty causes more reluctance to enter or exit industries.
Thus, the elasticity of investment to exchange rate changes will be affected in high
uncertainty periods. The “portfolio and wealth effect” of exchange rate changes refers
to the redistribution of wealth across international investors via risk aversion and home
assets preferences. For example, if the dollar depreciates against the euro, the
Europeans gain wealth relative to Americans. This redistribution of wealth may shift
aggregate portfolio and direct investment demands. Nevertheless, if the Europeans
have strong home assets preferences, the wealth distribution may reduce overall
investment in the U.S.

Based on these results we can say the sign of the impact of exchange rate
uncertainty on investment is an empirical matter. In developing countries, the view
may be different. The substitutability between traded and non-traded goods is very
weak or may not exist because the traded good sectors in most of developing
countries are exporting primary goods, raw material and oil. In additjon, these
countries do not have a well-diversified manufacturing base. Therefore, if demand for
traded goods rises due to depreciation, resources may not be reallocated toward this
sector and away from the productioﬁ of non-traded goods. Another contractionary
effect of exchange rate depreciation originates on the supply side. The increased

demand for factor inputs by tradables sector raises the cost of nontradables.
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Furthermore, the cost of intermediate goods required in préducing non-traded goods
will increase due to depreciation.

Under exchange rate changes, uncertain economic environment and costly
reallocation of resources across sectors, we expect that the response of resource
transfef and investment to exchange rate changes is weak. Foreign direct investment is
operating indifferent currency units, therefore the firms’ profit and firms’ decisions as
where to produce may be affected by exchange rate movements and exchange rate
uncertainty. So exchange rate uncertainty not only can create a problem of managing
the risk inherent in its volatility but also present the opportu_nity of moving production
to lower cost facilities. Sung and Lapan (2000) and Goldberg and Kolstad (1995)
studied the effect of exchange rate risk on FDI. Their model assumes constant
marginal cost and the production decisions are made before resolving the uncertainty.
They showed that increased exchange rate uncertainty led a risk-averse firm to alter its
FDI in order to reduce risk. On the other hand, some empirical studies show that
positive and significant correlation between increases in exchange rate risk and FDI
flows (Cushman 1985).

In Developing Countries, Serven (2003) found that real exchange rate
uncertainty has a highly significant impact on investment. The impact was larger at
higher levels of uncertainty. Moreover, the investment effect of real exchange rate
uncertainty was shaped by the degree of trade openness and financial development:
higher openness and weaker financial systems are associated with a more significantly

negative uncertainty- investment link. Recent studies on exchange rate uncertainty and
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A

investment such as Nucci and Pozzolo (2001) and Baum et al. (2001) have extended
looking for the source of uncertainty. These studies reported that permanent changes
in the exchange rate are important for the level of investment whilst changes in the

transitory component are not.

2.5 Credit Availability, Credit Uncertainty, and Investment

The neoclassical model of investment predicts that investment is negatively
related to the cost of capital. Empirically, this prediction has not been fully supported
in both developing and industrial countries (Chirinko, 1993). The analytical and
empirical studies of developing countries in particular have attributed this result to the
institutional and structural characteristics of these countries. Private investment in
developing countries is constrained mainly by the availability of external funds rather
than the cost. Credit constraint is likely to be more important partly because the
relative scarcity of financial resources in developing countries. Moreover, controls
over interest rates and credit rationing in the financial markets in most developing
countries highlight the importance of credit availability and reduce the role of the cost
of capital (proxied by the interest rate). Adding the credit availability to the model
instead of the cost of capital, empirical studies found that the availability of credits to
private sector positively affects private investment (Blejer and Khan, 1984 for a panel
of developing countries and Ramirez, 1994 for Mexico). Therefore, they suggested
that credit availability exerts a binding constraint on private investment that makes the
cost of financing less important in explaining private investment in developing

countries (Erden, 2000). There is, however, another theoretical explanation provided
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in the literature of irreversibility approach to modeling investment behavior. Pindyck,
1991; Caballero, 1991; Dixit and Pindyck, 1994; Abel and Eberly, 1994, 1995 argued
that uncertainty surrounding the costs of credit may have a more substantial impact on
private investment than the level of costs.

Accordingly, there may be another reason why the cost of capital (often
proxied by real interest rate) does not show up as a statistically significant determinant
of private investment. For example, private firms/investors may not respond to the
changes in real interest rate because of uncertainty surrounding the real cost of capital.
Given the preceding discussion, we will investigate the effect of credit availability and

credit uncertainty on investment in our model

3- Investment and Credit Market Imperfection

There is a huge literature about the role of capital market imperfection in
investment decisions. Surveying this literature is beyond this chaptér (Fazzari et al
1988). However, I will explain the idea and relate it to uncertainty. The basic idea
about the role of capital market imperfection and investment is that Firms usually
choose between “internal funds” (retained profits, cash flows, etc...) or “external
funds” (borrowing from financial institutions such as banks) to finance their
investments. Under complete markets, the firm should be indifferent to choose one of
these sources. However, under imperfect capital market, due fo asymmetric
information, external funds may not be available or available at a prohibitive price.

Since internal funds are partially exhausted and external funds are costly, firms in this
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situation are called financially constrained firms because they are presumed to
underinvest and cannot take advantage of their investment opportunities.

The problem of imperfect capital markets has macro-aspects and micro-
aspects. Frictions arising from capital market imperfection affect the expected future
profitability and user costs of capital and can play a major role in propagating
relatively small shocks. Macroeconomists noticed that cyclical movements in |
investment could be largely .e_xplainéd by financial factors; therefore, they identified
them in investment models. In this context, the term “financial accelerator” has been
used to refer to the magnification of initial shocks by capital market imperfections
(Bernanke, Gertler, and Gilchrist 1994).

The gap between the cost of ihtemal and external funds is explained by
aSymmetric information between borrowers and lenders. The micro-aspects of capital
market imperfection explain the reasons and impacts of such asymmetric information
on credit markets. Imperfect information produces adverse selection and moral hazard
problem, which in turn generate frictions in capital markets. Adverse selection in credit
market means that the market of bad quality borrowers (or more risky) drives out the
good ones. A higher return is required to compensate external providers of funds for
fnonitoﬁng and screening cost and the potential moral hazards associated with
vmanagers’ control over the allocation of investment funds. These problems drive the

gap between the cost of external fund (including “Lemons” premium) and internal

funds.
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We can modify the graphical illustration given in (Hubbard 1994, 1998) to
simplify the discussion about the effects of asymmetric information in credit market on
investment and to consider the effect of uncertainty. In his paper, Hubbard assumed
the following in figure (1-1): (D) is the firms’ demand for capital. Its location is
determined by factors affect the firm’s investment opportunities. (S) is the supply
curve of funds; it consists of two parts. The first is the horizontal line ai real interest
rate (r') up to the level of funds that the investor has (W) i.e. initial internal fund. In
this range, there are no agency costs and the external funds providers (lenders) charge
rate of return equal the real interest rate as assumed in neoclassical investment model.
The second paﬁ is upward sloping to reflect the increasing information costs needed to
compensate the risk of opportunistic behavior of the borrower as he/she engaged in
uncollateralized loans. Of course, an increase in the internal funds (W), will shift the
curve to right because the increase in W will reduce the borrower’s incentive to
misallocate funds reducing the informational cost and subsequently the cost of
borrowing decreases. Finally, the positive slope portion of S curve will be steeper as
marginal cost of information increases and vice versa. Under frictionless setting (no
information cost), K" is the best capital stock where investors are indifferent to finance
their investment by internal or external funds. Now in the presence of imperfection
(positive friction i.e. information cost), the actual level of capital stock Ko be
determined by the intersection of D1 and S (Wo). This level is under the best level.

That is, there is underinvestment due to capital market imperfection.
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Now let us discuss the effects of Introducing uncertainty in the presence of
capital market imperfection. First, the S (Wy) curve will be steeper as the cost of
information gets higher. This effect by itself will reduce investment to K, . If we
assume that the investment opportunities will decrease under uncertainty, then the D,
curve will shift left causing further decrease in investment. This discussion has two
important implications. First, uncertainty combined with the imperfection will result in
underinvestment. Second, uncertainty with the imperfection in credit market may
canbel out the effect of interest rare on investment. We may expect a decrease in
investment at the same time we see interest rate falling. Although these results are
based on assumption that is more realistic, uncertainty and imperfect markets, they
may underpin the neoclassical theory of investment in which financial factors are
Jignored. To test these results empirically we will consider a proxy for credit market
imperfection (credit flow/GDP ratio) and uncertainty measures, inter alia, credit
availability uncerfainty in our investment model.

Finally, having the complementarities between capital inflows and domestic
credit, then the surge in capital flows would increase credit as follows: capital flows
will Increase the asset prices (land, real state) and in imperfect credit market, debt
capacity is limited and then agents are credit-constrained within the value of collateral
holdings. This value will increase due to the increase in asset prices. The increase of
collateral holdings will increase the debt capacity of credit-constrained agents, which

subsequently increases credit. The adverse shock to international capital market will
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cause persistent contractionary effect in the presence of credit market imperfection.

(Kubo, 2002)

4- Capital Flows and Domestic Investment

In the theory, the reallocation of capital from industrial countries to developing
countries, where the marginal productivity of capital is rélatively high, can improve
living standards by mobilizing global saving to finance investment opportunities in
developing countries. It has been observed that private capital flows have been
associated with a rise in domestic investment in developing countries. However, it is
not clear whether the capital flows has a direct effect on domestic investment or
indirect effect by just financing the investment that would have occurred in any event
(World Bank, 2001). The relationship between capital flows, especially FDI, and
growth has been widely discussed in economic literature, but the precise nature of the
relationship and the mechanism through which it promotes growth remain unexplored.
I shall focus first on the impact of foreign investment on economic performance via
domestic investment, and then I will discuss the determinants of FDI and the role of
capital flows in economic growth.

Theoretically, at least FDI may affect private and public investment in the host
country through two distinct channels. First, FDI can raise the profitability of domestic
investment by involving in providing infrastructure, supplying scarce inputs, creating
demand for local inputs and labor, spreading positive externalities, and increasing tax
revenue that may be used in public goods. On the other hand, FDI may reduce

profitability of domestic investment by possessing large market share, worsening terms
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of trade, stifling domestic competition, and spreading negative externalities if it is
tariff-jumping FDI type. Second, FDI could increase domestic investment by providing
facilities, to acquire and merge with domestic firms, such as additional funding and
efficient marketing network. When FDI firm owns domestic investment in the process
-of privatization, the total investment will not change but the ownership structure will
change. The change in ownership structure of total investment will have a negative
effect 6n domestically financed investments, given the financial market constraints
(McMillan, 2001).

Now we turn to discuss how domestic investment stimulates capital flows. The
country’s absorptive capacity plays a major role in magnifying the positive effect of
capital flows on domestic investment. It includes not just the macroeconomic policy
framework but also political stability, the depth of financial system, the well-educated
labor force, the quality of infrastructure, and the degree of corruption. More
specifically, Capital flows are more strongly associated with domestic investment in
countries where financial markets are deeper. Diamond (1984) shows that specializing
in financial services will reduce the costs of acquiring information and diversify risks
by pooling the funds of depositor, hence increase liquidity and facilitate investment in
the long run. Moreover, financial sector development is significantly associated with
faster growth (Beck et al 2000). It has been discussed that foreign capital often brings
new financial instruments, accounting and financial disclosure practices. These benefits
enhance the standard of local capital markets by acquiring more quality of information

and transparency. Capital flows and financial development can reinforce each other.
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Portfolio ﬂoWs and bank lending can increase financial sector development, and hence
increase the efficiency of capital allocation (Hechet et al 2002). However, an inflow of
capital does not guarantee improvement in financial sector especially when capital

| flows are volatile.

Besideé, the importance of domestic conditions’ role in attracting capital flows,
domestic conditioﬁs affect the composition of capital flows. Razin et al. (1998) explain
that the information asymmetry problem affects on the composition of capital flows to
developing countries. They suggest that FDI is the most preferred type of capital flows
because it overcomes the informational barriers. The next in the ranking is the debt
flows, FBL while the equity (FPI) will be issued as a last resort when information
asymmetries are the least. Hull and Tesar (2000), show that, for small countries that
integrate into the global capital markets with firms that have relatively high risk and
lower credit rating, international capital flows will be dominated by FDI and FPI as
opposed to FBL.

Dunning (1988) put forward general framework in which we can determine the
variables likely to affect on FDI activity. This framework consists of three potential
advantages for FDI in a foreign country: ownership, location and internalization (OLI).
First, ownership advantages (firm specific advantage) include any monopoly power
that the MNC may practice and allows it to overcome the costs of operating in a
foreign country, for example, proprietary technological know-how, R&D capacity,
trademarks and known brand names, and workers and managers with industry specific

human capital. The firm specific advantages such as product differentiation or
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economies of scale serve as entry barriers at home and as a way to subdue the
obstacles of competing in foreign markets, hence, make the FDI a preferable mode of
entry. Second, internalization advantages achieved via coordinating production
hierarchies versus markets, increase efficiency and reduce costs of transactions. These
advantages enable large firms to accomplish goals more cheaply within the single firm
than can be accomplished in a market setting among séparate corporations. If there is
no market or the market functions poorly, transaction costs can be kept in check by
intemélization. For example, internal economies of production, advantage of intra-firm
trade, economies of scale in overhead operations (marketing, finance, purchasing).
These advantages make the firm’s choice is to own the foreign assets directly rather
than to use other mode to obtain the rents from foreign production. Third, location
advantages (country specific advantage) which are factors that favor production either
at home or abroad. For example, prices of internationally immobile inputs, differences
in quality of infrastructure (public; educational; commercial and legal), transportation
costs, economies-of marketing whén production is located near the market (Gray,
1999).

The OLI framework suggests that countries tend to go through five main
stages of development and these stages can be classified according to the propensity of
those countries to be .outWard and/or inward direct investors. In turn, this propensity
will depend on the extent and pattern of the OLI advantages. The country’s path in
t_hese stages is determined by three variables. First is the size and structure of

resources. Second is the economic development strategy, that is, the orientation of an
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economy to be export oriented or import substitute regime. Third is the role of
government (Dunning and Narula, 1996).

The relation between capital flows and economic growth can be discussed in
the context of endogenous growth model. In the endogenous growth theory,
increasing returns to scale, imperfect competition, human capital accumulation or
spillovers effects could avoid the decline in the marginal physical product of capital.
The most influential endogenous model presented by Romer (1990), has many
interesting implications for international economic integration. According to the
model, the higher the interest rate, the lower the present value of the profits the
machine monopolist will earn, and the less she will bid at auction for the design to
which it relates. A lower price of new designs means less income for inventors. It,
therefore, means fewer inventors, and so fewer inventions, slower expansion in
producing capital goods and, therefore, a slower rate of economic growth. This
negative growth-interest relationship with the positive growth-interest relation, derived
from consumer optimization, determine the long-run equilibrium of interest and
growth. Romer’s model concentrates on the steady state, where the ratio of
consumption to income is constant. That means that higher interest implies faster
income growth, since income and consumption have to grow at a common speed at
the steady state. Romer conéludes that access to the stock of foreign knowledge leads

‘to a doubling in the rate of invention causing the both growth rate and interest rate to
increase. The new growth theory views FDI as a composite bundle of capital, know-

how and technology. Its contribution to growth is through technology transfer and
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technology and skill diffusion in the countries importing FDI. As has been cited in the
literature, the two greatest benefits for a recipient country from FDI are the
technology transfer and the externalities, measured in terms of spillovers generated by
the FDL

Empirically, a number of studies have analyzed the impacts of capital flow on
domestic investment. Feldstein (1994) find that the relationship between capital flows
an'd‘ domestic investment tends to be one to one. A one dollar increase in capital flows
will raise domestic investment by one dollar. In the same line Borensztein et al. (1998)
find that the impact of an increase in FDI by one dollar on domestic investment is
greater than one dollar, but only in a setting with sufficiently high level of human
capital. Bosworth and Collins (1999) analyze the relationship between various types of
private capital flows and both investment and saving, focusing on the variation over
time within countries rather than the variation across countries. They find that FDI and
FBL have a strong impact on domestic investment while FPI has positive but
insignificant effect on investment. World Bank (2002) replicates Bosworth and Collins
study using a data set with broader country coverage and a longer period. The study
concludes the same results that private capital flows (long-run plus short-run) are seen
to have close one to one relationship with domestic investment and the capital flows
are associated with a broader stimulation of demand that implies that not all private
capital flows are invested.

In sum, we can say the interactions between capital flows and domestic

investment depends on first, the nature of capital flows (short run versus long run) and
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its composition (the magnitude of each type i.e. FDI, FBL, and FPI) second, to what
extent the domestic economies are globally integrated, third, the domestic investment

climate.

5- Private Investment and Government Expenditure

The relationship between private investment and public expenditure should be
considered in designing any macroeconomic policy. In genéral, traditional investment
models do not offer a consistent theoretical rationale for having government
expenditure as a determinant factor in capital formation. However, various empirical
studies have included it in investment studies to test the “crowding-out” hypothesis
(Aschauer 1989 and Looney et al, 1997). These studies argued that the influence of
public investmentvshould be considered since public capital may compete or may
complement private capital.

The literature identifies two channels through which the public expenditure and
private investment may compete resulting in “crowding out” or may complement
resulting in “browding in”. Given the relative scarcity in domestic finance, if the public
investments depend on borrowing, this will lead to an increase in the market interest
rate (the price of these resources) and thus the cost of capital for private investor. The
result will be a decrease in private investment. Hence, the public investment is
crowding out private investment. On the other hand, public investment may be
beneficial for encouraging and developing private investment public investment in
infrastructure may enhance the productivity of private capital and, hence, increase

private investment. Hence, the public investment is crowding in private investment. In
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addition, the government investment that is used as a counter-cyclical economic policy
tool to harness business cycle may stimulate aggregate demand and revitalize private
investment at least in the short run. The two channels may operate in opposite
direction, so the net effect will be for the dominant one.

Empirically, the relationship between public spending and private sector’s
productivity was examined in (Barro, 1981 and Aschauer, 1989). The empirical
analysis of Aschauer (1989) is based on the neoclassical model in which private non-

 residential investment was assumed to be a function of government investment,
government consumption and the rate of return on private non-financial corporate
capital. It was shown that government investment “crowded-out” private investment
while increasing marginal productivity of private capital by a factor of one to one. He
argued that while both channels appear to be operating, the latter comes to dominate,
so the net effect of a rise in public investment expenditure is likely to raise private
investment. This means that government investment had a positive effect on private
investment and caused a “crowding-in” rather than a “crowding-out.” Karras (1996)
discussed that the small size of government is a catalyst in the interaction. It increases
the productivity since the marginal productivity of the government services is
negatively related to government size.

It is worth noting that the crowding out arguments is based on the assumption
that the economy has well developed and efficiently functioning financial markets.
These conditions are dubious in the context of developing countries. Hence, the public

investment may not necessarily compete with private sector for the scarce resources.

41

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Also in certain cases, capital market imperfection may imply that firms are rationed in
their access to external funds. Thus, credit may be available but banks may not provide
it because the limited liability of firms and agency costs associated with informational
asymmetries and costly contract enforceability. As a result, the privaté sector and

overall economy may benefit from public investments.
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' CHAPTERII
MEASURING UNCERTAINTY OF MACROECONOMIC VARIABLES IN
OIL PRODUCING COUNTRIES

 This chapter constructs uncertainty measures for some of macroeconomic
variables that have been chosen from the first chapter to estimate a model for how the
uncertainty affects the interaction between domestic investment and capital inflows in
a sample of oil producing countries and Middle East and North African countries
(MENA). Through this work we explore the soufces and the importance of
uncertainty in those countries and then turn to discuss and examine empirically
different approaches to measure uncertainty. Specifically, we measure uncertainty
proxies for inflation, exchange rate, real interest rate- as a proxy for real cost of
capital, credit availability, and oil price using ARCH model originated by Engle (1982)
and GARCH model developed by Bollerslev (1986). Since the specific source of
uncertainty, short lives versus long lived, has important implications in analyzing the
impact of uncertainty on investment behavior, we will apply the recent work in
GARCH literature, component GARCH, developed by (Engle and Lee, 1999). The
chapter will focus on decomposing uncertainty into its component using component
GARCH, CGARCH, on all variable of interest when it is applicable. We also try to"
investigate the impact of different shocks to oil price on »the short run and long run oil
price uncertainty. As a first step in modeling and estimating any time series, tests for

unit root and stationary are important. In this chapter we provide more powerful unit
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root tests than simple OLS Dickey Fuller tests by using GLS detrended class of unit
root tests. The strategy developéd by Ng and Perron (2001) will be adopted.

The rest of the chapter is organized as follows. Section 2 explores the different
sources of uncertainty facing oil producing countries and why those variables are
important in investment models. In section 3 we review uncertainty definitions and
discuss some measures of uncertainty and explain why we chose one rather than
others. Also in this section we discuss various econometric models of uncertainty and
present the models used in this study. Section 4 presents the data and the empirical

results. Component GARCH model of oil price is estimated in section 5.

1- Macroeconomic Uncertainty in Oil Producing Countries

The previous chapter proposes certain variables to be considered as uncertainty
proxies in investment model in oil producing countries. In this section I will focus on
these proposed variables. In particular, we consider uncertainty of inflation, exchange
raté, credit cost (real interest rate), the credit availability, and oil price. The latter may
not be important in other countries, but it is in our study because most of countries in
our sample are exporting oil.

Inflation is a measure of the relative price of goods today and goods
tomorrow; thus, uncertainty in tomorrow’s price impairs the efficiency of today’s
allocation decisions. Inflation is often taken as a summary measure of the overall
macroeconomic stance, and hence the volatility of its unpredictable component can be
viewed as an indicator of overall macroeconomic uncertainty (Eberly, 1993). The

unpredictability of future inflation is a major component of the welfare loss associated

44

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



with inflation. When inflation is unpredictable, risk-averse economic agents will incur a
loss, even if prices and quantities are perfectly adjusted in all markets (Engle 1983). In
addition, high inflation rates tend to be volatile. The inflation and uncertainty
surrounding it have many impacts on investment. Unanticipated high inflation erodes
the real value of financial assets and the volatility of inflation increases the risk
associated with holding them. The recent literature regarding asymmetric information
in credit -rharkets indicates how higher rates of inflation can hamper the effective
functioning of the financial sector, including financial markets. The lower real interest
rates associated with high inflation rates increase the level of frictions in credit markets
and consequently reducing investment spending (Hubbard and Glenn 1994). Huizinga,
1993 indicates that the typical view of the link between inflation uncertainty and
capital expenditures may capture important implications of portfolio diversification but
not capture the entire link between uncertainty and investment. In the long run,
increased uncertainty raises the cost of capital, given the assumption of irreversibility.
For a new firm higher uncertainty would lower the optimal capital stock (Abel and
Eberly 1999). On the other hand, existing firms would have greater difficulties in
selling capital if uncertainty rose. Also, if the future economic environment is expected
to be more uncertain than present, then the required profitability level on new
investment projects will rise, leading to an obvious reduction in investment (Caballero
1999). In contrast, aggregate capital spending is likely to be better achieved by stable
and credible macroeconomic environment than by frequent changes in interest rates or

tax rates (Pindyck 1991). The countries in our study have experienced high inflation
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rates in the eighties and nineties. Also, after implementing economic reform programs
in these countries the inflation uncertainty rose during the process of economic
adjustment. Some countries succeeded in curbing inflation but the others do not and
still in the process of reform.

Exchange rate volatility is another source of macroeconomic uncertainty. One

“of the important channel through which exchange rate changes and its uncertainty

transmit to the economy is the investment. Exchange rate affects domestic investment
through three forces; sectoral profitability effect, location Effect, and portfolio and
wealth effect, Goldberg (1990). Details for this point are discussed in Chapter 1.
However, we mention to some points regarding exchange rate uncertainty. Sectoral
profitability is affected by both Exchange rate changes and exchange rate uncertainty.
Depreciation (appreciation) changes relative-price which increase (decrease) demands
for exports and import-competing goods. Increased (decreased) profitability of
domestic producers caused by depreciation (appreciation) would lead firms to expand
(contract) investment in capacity and new plant and equipmgnt. On the other hand,
exchange rate uncertainty affects the sectoral profitability via its impact on expected
costs of production and revenues from international sales. The sign of this relationship
depends on the balance of the: (i) negative effects from risk aversion of investors; (ii)
negative effects of investment irreversibilities; (iii) positive effects from convexity in
prices; and (iv) negative effects from a profit and price uncertainty relationship that is
possible under imperfect competition (Goldberg 1993). The “location effect” refers to

the entry and exit of firms from the market in response to exchange rate changes and
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exchange rate uncertainty. (Goldberg 1990). These effects depend on the barriers to
entry, the sunk cost of exiting. The location channel for the impact of exchange rate
uncertainty on investment depends on the exposure of both domestic and foreign
producers to foreign exchange rate changes. High exchange rate uncertainty causes
ﬂlore reluctance to enter or exit industries. Thus the elasticity of investment to
exchange rate changes will be affected in high uncertainty periods (Goldberg 1990).
The “portfolio and wealth effect” of exchange rate changes refers to the redistribution
of wealth across international investors via risk aversion and home assets preferences.
For example, if the dollar depreciates against the euro, the Europeans gain wealth
relative to Americans. This redistribution of wealth may shift aggregate portfolio and
direct investment demands. But if the Europeans have strong home assets preferences,
the wealth distribution may reduce overall investment in the U.S.

Based on these results we can say the sign of the impact of exchange rate
uncertainty on investment is an empirical matter. In developing countries the view may
be different. The substitutability between traded and nontraded goods is very weak or
may not exist because the traded good sectors in most of developing countries are
exporting primary goods, raw material and oil. Also these countries do not have a
well-diversified manufacturing base. Therefore, if demand for traded goods rises due

. to depreciation, resources may not be reallocated toward this sector and away from
the production of nontraded goods. Another contractionary effectvof exchange rate
depreciation originates on thé supply side. The increased demand for factor inputs by

tradable sector raises the cost of nontradables. Furthermore, the cost of intermediate
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goods required in producing nontraded goods will increase due to depreciation. So
under exchange rate changes, uncertain economic environment and costly reallocation
of resources across sectors, we expect that the response of resource transfer and
investment to exchange rate changes is weak.

The high exchange rate volatility that characterizes developing economies
creates an uncertain environment for investment decisions by making absolute and
relative sectoral profitability (traded vs. non-traded goods sectors) and the cost of new
capital goods (because of their high import content) all harder to predict. Ceteris
paribus, increased volatility of these variables makes price signals less informative
about the relative profitability of investment across sectors, likely hampering ahd
distorting investment decisions (Serven, 2003). In the international finance context an
exogenous inflows of capital could lead to a real exchange rate depreciation or
appreciation. The effect depends on how these inflows are used, to finance domestic
spending or to accumulate capital in the traded or non-traded goods sector.
Alternatively, stabilized exchange rate policy may lead to a real appreciation and
higher domestic interest rates, inducing greater capital inflows and more foreign
investment.

One of the hypotheses to be tested in this thesis is the impact of capital inflows
on investment. The neoclassical theory of investment predicts a strong and negative
relationship between private investment and the user cost of capital. However, this
prediction is not supported by empirical tests applied to the data from industrial and

developing countries that find a weak and insignificant link between the two (Chirinko,
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1993). Economists have provided one explanation arguing that the quantity of external
credits rather than the costs (interest rates) may be more binding in developing
economies. Credit constraint in developing countries is likely to be more important
because, in part, the quantity of financial resources is limited. Given the fact that most
of financial markéts in developing countries including MENA are weak and shallow,
the researcher claims that capital inflows are channeled via credit provided by banks in
these countries. Since the capital inflows are volatile, then its volatility may be
reflected in total credit provided by banks. Thus, our concern in this chapter is to
explore capital inflows volatility embodied in gredit availability uncertainty.

‘Even though the empirical studies have found no significant effect of the cost
of capital on investment, the uncertainty surrounding the real cost of credit may also
play a major role in investment decision. Interest rate uncertainty can have two effects
on an investment decision. First: the expected value of future payments from
investment can be increased due to unpredictable fluctuation in interest rate and this
makes the investment more attractive. Second, given the irreversibility of most of
private investment in developing countries the uncertainty over the future interest rate
can lead a postponement of investment. In our investment model, we need to test the
claim that uncertainty stemming from financial markets either from credit availability
or real cost of credit plays an important role in determining private investment in
developing countries.

The relationship between oil price uncertainty and investment can be explained

theoretically and practically. Theory predicts that uncertainty about future oil prices
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makes investment behavior more sluggish. The idea is that higher oil price uncertainty
implies high possibility for such prices to be reversed, and hence induces firm to
_postpone its decision to adopt new capital goods. When decision makers face
uncertainty about future prices and returns and when their decisions are irreversible,
there will be an option value to delay the investment decision. The value of this option
increases when uncertainty increases. The expectation that heightened uncertainty, by
delaying projects, would lead to a fall in aggregate investment. Practically, oil price
unce&ahty means oil revenues uncertainty for oil exporting countries and means costs
uncertainty of importing ones. This uncertainty feeds uncertainty in the
macroeconomic environment, especially when these revenues/costs contribute with
high percent in economic development programs.

The effect of macroeconomic instability on growth comes mainly from the
effect of uncertainty on private investment. Inflation, real exchange rates, real cost of
credit, terms of trade and other key macroeconomic variables are much more uncertain
than in industrial economies. The implications of such volatility for é.ggregate '
performance have stimulated some attention in recent empirical literature. In
investment, the vehicle of economic growth, this concern has been updated by recent
theoretical work identifying several channels through which uncertainty can affect on
investment. However, some of these effects of uncertainty work in mutually opposing
directions, and their magnitude depend on a variety of factors identified in the

literature. As a result, the sign of the investment-uncertainty relationship is
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indeterminate on theoretical grounds and the empirical work becomes the last resort to

help policy analysis.

2- Uncertainty and Volatility: Definition and Measurement

This section provides an overview of different approaches to measure
uncertainty, referring to some empirical literature in investment. We discuss the
advantages and disadvantages of each measure and argue why we focus on GARCH.
We conclude the section with the definition of uncertainty.

In empirical literature we can identify two main approaches to obtain
uncertainty measures. The first one is to use historical values of the variable to
establish statistical or econometric estimations of the variability of it and then use this
measure as a proxy for uncertainty. We refer it as ex-post uncertainty measures. The
second approach is to estimate uncertainty from surveys of economic expectations and

we refer it as ex-ante uncertainty measure or survey based model for uncertainty.

2.1 Ex-ante Uncertainty Measures (Survey-Based Measure)

In the survey based-models we obtain the standard deviation from the point
forecasts made at a point in time by severé.l différent forecasters. This variability is
actually a measure of the disagreement among the forecasters and is used as a proxy
for uncertainty. In their remarkable work, Zarnowitz and Lambros (1987), introduce
the most direct measures of uncertainty that can be used from survey of expectations,
and use it to study inflation uncertainty._ To get the idea we give an example, the oldest

quarterly survey of macroeconomic forecasters in the United States, which is the
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Survey of Professional Forecasters (SPF). It was began in 1968 and conducted by the
American Statistical Association (ASA) and a National Bureau of Economic Research
(NBER) and known as the ASA-NBER survey. In 1990 Federal Reserve Bank of
Philadelphia and NBER assumed responsibility for that survey.

In brief, the forecasters in the SPF come largely from the business world and
Wall Street. Most of he questions ask for point forecasts, for a range of variables and

' forécast horizons. Also each forecaster is asked to attach a probability to each of the

number of intervals in which the variable of interest might fall, in the current year and
in the next year (Diebold 1998). In fact, we can retrieve a direct measure of
uncertainty from the standard deviation around those probabilities. In addition, this
measure summarizés the dispersion among forecasters at a point in time, but do not
measure each forecaster’s certainty about their inflation forecast. Also this method
provides measures of dispersion such as the difference between the upper and lower
quartile forecasts and the difference between the maximum and minimum forecasts.

Among the benefits of survey-based measure is that better represents what
economic agents really perceived at the time they made decisions. If these surveys
reflect the market’s perceptions, then the level of uncertainty in the market about the
expected realization of the most important macroeconomic variables can be acquired
from them (Sepulveda 2003). The validity of survey measures of uncertainty is often

questioned, since they do not take account of the level of uncertainty of each
individual forecaster (Grier and Perry 2000). We can argue that in a given period each

forecaster could be extremely uncertain about inflation and then submit similar point
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estimates of future inflation, and then the survey based measure of inflation uncertainty
would significantly underestimate the actual level of uncertainty about future inflation.
Howes}er,_there is somé evidence that the dispersion of inflation forecasts across
survey respondents is positively correlated with the uncertainty of each individual
forecaster (Zarnowitz and Lambros 1987).

Most of the countries in our study did not conduct this measure on macro
level. We might find micro studies about specific industry conducted by MNCs before
they inter the market. Also the macroeconomic environment in these countries is very
uncertain not only due to economic factors but also due to political factors. In
addition, the governments have the power to intervene and monitor the market. Those

factors make forecasts difficult to get for those countries.

2.2 Ex-post Uncertainty Measures (Historical Data-Based Measure)

In those measures total volatility of a certain variable consists of two
components expected and unexpected. We can distinguish between two main
categories. The first is the conditional variance, in the sense that volatility depends on
the past volatility and the second is the unconditional variance. The conditional
variance should be the stronger measure of unexpected volatility while the
unconditional variance should be stronger measure of total volatility, which includes
both components.

| According to the literature mentioned above, uncertainty means that the
economic envifonment tomorrow is not known today and at best, there exists a set of

alternatives, mutually exclusive, one and only one of which will materialize (Dreze

53

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1999). Accordingly, uncertainty refers to situations in which the probability of future
events cannot be determined. This is different from a risky event for which an explicit
probability can be assigned. Future volatility in an economic variable is the sum of both
predictable and unpredictable components. The uncertainty of an economic variable
can then be more precisely defined as the unpredictable part of volatility (Crawford

and Kasumovich 1996, Grier and Perry 1998).

Volatility of economic variable =Volatility of predictable component +Volatility of unpredictable component
Or equivalently:

=Expected Variability + Unexpected variability (Uncertainty)

As noted abpve volatility is a stochastic process since the stochastic process is a
variable that evolves over time and at least part of it is random, and the other is partly
deterministic. Intuitively, uncertainty of an economic variable is the degree to which
the fqture value of that variable is unknown in the sense of not being predictable, given
past performance (Golob 1993).

We compute the unconditional variance, total variability, using conventional
variance formula, which gives us a time—-invariant measure of the average of the
squared deviation from the mean. To get unconditional variance as a time variant

- measure of uncertainty, we use “rolling” or “moving” variance. For instance, assume
we have time series for y variable from 1975 to 2003 and we want to construct a
measure of volatility using five years moving average, n=5. The five-year overlapping
periods start with 1976-80, then we drop 1976 year and add 1981. So, we have 24

time series observations (1980-2003) on uncertainty starting from t=1980 for the
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period 1976-80 to t= 2003 for the period 1999-2003. The rolling variance with

moving period window n, n=5 in our example, is computed as follows:

vt=

N |-

F 1~ 1)
i=1

In the investment literature Pindyck and Solimano (1993) work with the
moving average standard deviation of the relevant time series to construct uncertainty
measure. This measure of total variability as a proxy for uncertainty can be criticized
on both economic and statistical grounds. Oxie standard criticism is that at least part of
the total variability of a variable is predictable (Crawford and Kasumovich 1996). For
instance, the rise in long-run variability may be due to a certain policy, which may be
announced well in advance of its implementation and therefore highly predictable.
Thus the series may be very variable, however it is very predictable and easy to
forecast. What is important for economic agents is the unpredictable part of the series,
simply because greater unpredictability implies more uncertainty. Also, the range of
moving average is chosen arbitrary.

In the same line of thinking, the variance of the unpredictable part of the series
can be considered by specifying a stochastic process of that series. This method of
measuring volatility can be summarized in two steps. First; we set up a forecasting
equation for the uncertainty variable as in equation 2 and estimate it to obtain the

residual- the unpredictable part of the fluctuations of that variable, as follows:

J’t'—'Z'ta"'é‘t \ 2
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where z a set of variables in the information set. Second: We compute the variance of
the estimated residuals as uncertainty measure. In our example, we estimate equation
2 having annual data over the five-year overlapping periods. The variance of the

residuals from these regressions (24 regressions) is the measure of uncertainty.

M

1
ﬂt—;'

; 8%_1' (3)

0
In fact we can consider first and second methods mentioned above as one, since the
unpredictable part of a stochastic process is assumed to be given by the deviation from
the mean. However, the second one involves the process that generates the predictable
part of the stochastic process. The stochastic process that generates the predictable
part can be any ARMA (p, q). In general, applying this method requires the correct
information set to rule out the predictable part.

Goldberg (1993) constructed exchange rate volatility using rolling twelve
quarters ARMA (1, 1) regressions over the entire sample. Aizenman and Marion
(1993) estimate the predictable part by AR process and calculate the standard

| deviation of the difference between the actual and predicted series as a measure of
volatility. Ghosal and Loungani (1996) used AR (2) process to measure uncertainty of
industry product price.

As we see in the rolling variance equation, it gives an equal weight to
correlated shocks and single large outliers so it could significantly overstate the actual
level of uncertainty. Also this method is based on the assumption of constant

unconditional variance and the range of moving average is chosen arbitrary.
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Unfortunately, these assumptions are not realistic. In spite of these shortfalls, this
measure is commonly used due to the data limitations. But the most important
criticism is that these measures do not tell us the model that governs the uncertainty
itself, as we will see next. |

Engle (1982) introduced the ARCH methodology, which was later extended to
incorporate a lagged dependent variable in the conditional variance (GARCH) by
Bollerslev (1986). In contrast to rolling standard deviation and dispersion, the ad hoc
measures of uncertainty, this approach estimates uncert#inty of the variable on the
basis of an econometric model. This method is presumed to capture volatility in each
period more accurately than simple rolling standard deviations, which give equal
weight to correlated shocks and single large outliers. Engle’s (1982) proposed the

following model to capture serial correlation in volatility:

Ye=xp +e&

Ol =qotanglitarei s taget, 4)
where &| @~ N (0, 6%) is the innovation in the series, &> and o; are the ARCH
parameters up to q order, 0o>0 and o; > 0. The ARCH model characterizes the
distribution of the stochastic error & conditional on the realized values of the set of
variables @1 = {x Yi.1, Xe-13. The stylized facts for many economic and financial data

~ are captured in this model. These facts are thick tails for the unconditional distribution,

changing in variance over time, and volatility clustering, and serially uncorrelated
movements. A number of lags are required in many of the applications with the linear

ARCH (q) model. Computational problem may arise when the model presents a high
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order. To facilitate such computation, Bollerslev (1986) proposed a generalized
ARCH or GARCH (p, q) model to include lagged values of the conditional variance.
The GARCH (p, q) can be written as:

Yi=xB+e

OF = ot it et UgErg P V1 Tra* et ¥ O ®)
where vi, are the GARCH parameters up to order p. The conditional variance o (the
proxy of uncertainty) is one-period aheaci forecast variance based on the past
information and it is a function of three terms: (I) - the mean level of volatility, (II) -
the ARCH terms which are the lag of squared errors from the mean equation, news
about volatility from the previous period, and (IIT) - the GARCH terms which are the
last lagged forecast variance. The economic agent predicts the uncertainty by forming
a weighted average of a long-term average (the constant), the forecasted variance
from last period (the GARCH term), and information about volatility observed in the
previous period (the ARCH term). To ensure a well-defined process, all the
parameters in the infinite order AR representation must be non-negative, where it is
assumed that the roots of the polyndmial lie outside the unit circle. For a GARCH (1,
1) process this will be ensured if a; and v, are non-negative. It follows also that g, is
covariance stationary if and only if a; +y;<1. In most applications a lag length of
p=q=1, will represent the conditional variance, Bollerslev, Chou and Kroner (1992).

In this chapter conditional variances from both GARCH (0, 1) and GARCH (1,

1) are used to generate conditional variances of inflation, exchange rate, real interest

rate, and the credit. The GARCH (1, 1) is estimated first for each series, and when it
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fails to fit the data GARCH (1, 1) is applied. The use of the GARCH approaches to
model volatility seems to be attractive. However, one criticism of the econometric
approach to measuring uncertainty is that such a measure seems to be highly sensitive
to model specification (Carruth, Dickerson, and Henley 2000b). As well, they require
high frequency data and longer time series and this may be the reason for its limited
application in investment. Also both this measure and the rolling variance of
uncertainty are backward looking in nature, in contrast to the survey-based measure of
uncertainty, as we mentioned above. In spite of these criticisms, GARCH methods
have been used to derive measures of uncertainty and numerous studies have found a

relationship between the resultant variable and investment.

2.3 Components GARCH (CGARCH)

An interesting development of the basic GARCH model is the so-called
components GARCH (CGARCH) of Engle and Leé (1999). They decompose the
conditional volatility from a GARCH model into a time varying trend and deviations
from that trend. In other words, into permanent volatility component or long run
volatility and transitory volatility or short run volatility. Those authors describe the
long memory behavior of the volatility process as the sum of two conventional models
where one has nearly a unit root, and the other has a much rapid decay. Following
Engle and Lee (1999) and Ding and Granger (1996), there has been some recent work
on decomposing macroeconomic volatility and assessing its impact on the real
economy, which emphasize on the importance of the source of uncertainty Baum et

al. (2001), Chadha and Samo (2002). They provide a differential effect of uncertainty
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on investment depending on whether it is long run or short run. Engle and lee set out
the GARCH (1, 1) model as characterized by reversion to a constant mean (@ ):

o1 =0 +ay (gt - @)+, \ (cia—o) (6)
Where @ is the unconditional variance, (g2, -@) serves as the shock to the volatility
of the relevant variable and a +y represénts the mean reverting rate or the persistence
rate. The question that Engle and Lee raised is whether the long-run volatility
represented by @ in GARCH (1, 1), is truly constant over time. They replace @ with
the long run volatility ¢, which is given a time series representation and allowed to
evolve in AR manner. Thus the model is written as:

oi-q,=a(eh—q,)+7(0r—q,) Temporary component (7)

Gr=ao+pPas_1+ ¢’(5t2—1 - a%_ D Permanent component (8)

Equation (7) defines the temporary componento;—gq,, whilst equation (8) is the
permanent equation. When 0< a +y <1 short run volatility converges to its mean of 0,
while if 0 < p <1 the long run component converges to its mean of o, / (1-p). As the
long run volatility is more persistent than the short run, it is also assumed that 0< o,
+y1 < p<1. For non- negative variance, sufficient conditions are that a;, v, and oy are
positive and that y; >¢ > 0.

The interpretation of the volatility component is straightforward (Engle and
Lee, 1999). First, when a, +y; <1 the component model allows reversion to a .varying
mean q,. Secondly: the short-run volatility component mean reverts to zero at a

geometric rate of a+ y and the long run volatility component itself evolves over time
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following an AR process, which, if 0<p<1, will converge to a constant level defined by
ag / (1-p). Thirdly, the model assumes that the long-run component has a much slower
mean reverting rate than the short run component, or in other words, the long run

component is more persistent than the short run one, i.e., 0 <oy +7y; <p <1,

3- Data and Empirical Results

The data set used in this chapter applies to the 1981-2003 period and contains
12 oil producing countries and Israel. Some of the oil producing countries are
members in OPEC such as Algeria, Indonesia, Iran, Kuwait, Nigeria, Qatar, Saudi
Arabia, UAE, and Venezuela. The other 3 countries, Egypt, Syria, Tunisia, are
producing oil but are not members in OPEC. Israel is not préducing oil but it is
included in the sample to be a comparison point in the Middle East area. The sample is
selected based. on the potential economic cooperation among some of Middle Eastern
countries and some of North African Countriés, which is called MENA countries. Also
the selection is based on the availability of data in monthly frequencies in the period of
study. Also the period of study is constrained with the availabﬂify of data on annual
investment in these countries from 1981 and the investment model under uncertainty
will be investigated in the next chapter. We model uncertainty for some
macroeconomic variables such as, inflation, exchange rate, cost of credit, and credit in
these countries, in addition to oil price. All i'ariables are in monthly frequencies and
are taken, except oil prices, from the World Development Indicators and International
Financial Statistics of International Monetary Fund (IMF) CD-ROMs 2003. Data on

oil prices are taken from the OPEC Annual Bulletin. The data spans from 1974:01 to
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2003:10 for the oil price and from 1981:01 to 2003:10 for the other variables. We
utilize G/ARCH and CGARCH specification as indicated above to generate
conditional variances. Also we will estimate short run and long run uncertainty when
the model is applicable, for all series. We can organize the procedure to generate
conditional variances in the following steps: first we test for stationarity and check the
distribution characteristics of variable of interest; second: we estimate G/ARCH,; third:
we test for the presence of G/ARCH in the residual, using GARCH-LM test, to make
sure that the model is well-specified; finally: if the G/GARCH is significant then we
generate the conditional variance to use it as a measure of uncertainty. If the G/ARCH
is not significant, then we look for another measure of uncertainty as cited in the
literature above.

For stationarity test, we take the log of all series, except interest rate, and
apply the traditional unit root tests. The Augmented-Dickey-Fuller (ADF), Phillips-
Perron (PP) and Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) unit root tests are
for implemented with and without trend on the log level. In all test we do not reject
the existence of unit root. The results show that all series are non-stationary except
real interest rate in Egypt and Isracl. When we carry out the test for the log first
differenced, we find evidence that the variables are stationary. Namely, the PP tests
suggest stationarity in all variables considered. The ADF tests further substantiate the
stationarity of inflation, credit and real interest rate when expressed in log first

differenced (for brevity the results of the ADF test are not reported her).
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1t is well known that Dickey Fuller unit root type tests have low power; hence
Phillips and Perron (1988) propose a nonparametric modification to deal with serial
correlation of errors in these tests. Schwert (1989) suggests that there may be
substantial size distortions in finite samples when the data shows negative
autocorrelations in first difference. ADF tests may require a substantial lag to deal with
moving average errors; hence have low degrees of freedom and low power. To
address this loss of power, Elliot, Rothenberg and Stock (1996), hereafter ERS,
present an asymptotically efficient test of the unit root hypothesis based on the quasi-
differenced data obtained from the GLS regression. They suggest that GLS local
detrending yields substantial power gains over the standard ADF unit root test.
Inflation rates and Exchange rates and other financial series often display large
negative MA roots. Ng and Perron (1996) suggest modified tests and show that their
test maintains good power whilst correcting for the moving average errors
encountered in most macroeconomic series. Furthermore Ng and Perron (2001)
suggest utilizing GLS detrending and construct four further modified test statistics. In
this chapter we employ NG and Perron tests and ERS. The evidence in tables 2.1, 2.2,
2.3, and 2.4 shows that the DFGLS tests proposed by ERS and Modified tests
suggested by Ng and Perron fail to reject the null of unit root in most series with few
exceptions in real interest rate in Egypt and Israel and in exchange rate in Indonesia
ahd Venezuela. When we run the tests on log first differences we got stationary series

for all variables.
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We apply the univariate GARCH model to the log-differenced monthly series.
In this model the mean equation includes a constant and AR terms. The estimated AR
| and GARCH models for the series considered in this study are reported in tables 2-5,
2-6, 2-7, 2-8. The coeflicients of fitted GARCH (p, q) have the theoretical signs and
* magnitude, although insignificant in some countries. The conditional variance
equations are all stable with a,y; <1. All of the specifications are GARCH (1, 1)
Except Qatar where an ARCH (1) specification was the simplest acceptable by the
data.

We first consider the estimation results of inflation uncertainty. In Table 2.5,
the intercept in the conditional variance ® is significant for most countries however it
is not in Algeria Iran, Kuwait, Qatar, and Saudi Arabia. The lagged squared error
term, oy, is larger in Venezuela, Israel and Egypt compared with the other countries
which reflects high persistence of short run volatility in the future uncertainty proxied
by conditional variance. The lagged conditional variance terms are highly significant in
all countries. Also the uncertainty process is stable in all countries, where oy, is less
than one.

From the conditional standard deviation graph, Figure 2.1, we can notice that
the inflation uncertainty declines in Egypt, Israel, Qatar, Syria, Iran, and Venezuela.
However, it is less persistent in Israel compared with Egypt, Qatar, and Syria. For
Israel the inflation uncertainty declined sharply after 1986 and almost stationary. This

| is attributed to the economic reform program, which started in 1985 in Israel, in 1991

in Egypt, and in 1994 in Syria. In Algeria, and Venezuela the inflation uncertainty was
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very fluctuated and persistent. The stability process is supported by lower values of
o1 in both countries. However, it maintains at a higher level. The uncertainty
bounded in 1992 in Algeria when the civil war ended and maintains at a higher level.
However, the uncertainty continues to fluctuate in Venezuela due to political
instability. In Tunisia, Saudi Arabia, Kuwait, and Nigeria, the inflation uncertainty
prbcess seems to be stable over time except some spikes after and during Kuwait
invasion, this might drive all prices up. In sum, we can say, in most of oil producing
countries, inflation uncertainty is bounded and stable and this may be due to attempts
in these countries to control inflation via different packages of fiscal and monetary
policies.

Examining the real exchange rate uncertainty equations in Table 2.5, we can
conclude the following: there is no G/ARCH model for Tunisia and Saudi Arabia. So
‘we measure exchange rate uncertainty using 6 month moving average of the squared
error. By examining the exchange data for these countries, we claim that 6 months is
enough to capture the exchange rate volatility. For the other countries the GFARCH
models are successfully specified. The intercept in the conditional variance is
significant for Indonesia, Israel and Venezuela but not for other countries this may be
due to the fixed exchange rate regime in these countries which was dominant until the
late of nineties. The lagged squared error is significant in all countries. Except Egypt,
Indonesia, and Israel the ARCH coefficient was very small in suggesting their
persistence of volatility. The lagged variance terms, GARCH, are highly significant in

all countries. Nigeria, where ARCH model with one lag is specified, the coefficient of
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ARCH is large suggesting short run persistence of volatility. Also, the exchange rate
uncertainty models in those countries are stable, where o,y; < 1.

The conditional standard deviation graphs, Figure 2.2, are quiet comparable in
Algeria, Egypt, Iran, and Syria. We can notice jumps in uncertainty in Algeria, Egypt
and Syria, after that the uncertainty declines. The reason is that most of those
countries experienced high inflation rate, overvalued currencies and other
macroeconomics problem before the economic reform and they followed the same
procedure in financial reform, which is to float their currencies. Most of those
countries float their currency in the mid of nineties after a long era of following fixed
exchange rate regime with some officials movements in exchange rates. This is
indicated by the jumps in the conditional standard deviation graphs for those countries
but the timing of reform was different in each country. The IMF economists say that
the adjustment mechanism will bring a stable exchange rate after a period of
fluctuations in the exchange market depending on preconditions in each country. We
can see that from the graph. Israel was an exception from that because its currency
was floated in 1982. Also, as noted from the conditional standard variance graphs,
Figure 2.2, the exchange rate uncertainty in Algeria, Egypt, Iran, Kuwait, and Qatar is
bounded, however it starts rising in Egypt in the last two years. Finally, if we look at
the conditional standard deviation graph in Indonesia and Venezuela, we will notice
that exchange rate uncertainty was almost stable in the past until 1998 and after that it
became very volatile. The explanation for that is founded in the currency crises that

blow away Asian countries.
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The results of estimating the real interest rate uncertainty, in Table 2.3, show
that the intercept in the conditional variance is significant for all countries except Iran
and Saudi Arabia. Also, the lagged error terms in all countries are significant. The
uncertainty process of real interest rate is stationary in all countries where a,y; <1.
For Egypt, Indonesia, Iran, Tunisia, and Saudi Arabia, where ARCH model with one
lag is specified, the coefficient of ARCH is larger in Indonesia and Egypt but very tiny
in Iran and Saudi Arabia. The reason for that may be the unimportant role of the
interest rate in these countries, as Islamic countries. Also, this means the shocks to
uncertainty are more persistent in the short run in Egypt and Indonesia compared with
Iran, Saudi Arabia, and Tunisia. This is supported by the conditional standard
deviation graphs, Figure 2.3, In Egypt and Israel, the uncertainty is bounded but it
takes longer time in Egypt than Israel. The conditional standard variance became less
volatile after 1986 in Israel and after 1998 in Egypt This is explained by the economic
reform steps which are taken earlier in Israel in 1986 whereas in 1991 in Egypt. In
Algeria, the real interest rate increases over time perhaps due to the high inflation rates
in this country.

Considering the uncertainty about the total credit, table 2.4, the intercept in the
conditional variance is significant for all countries except Iran, Saudi Arabia, Syria,
and Venezuela. The GARCH (1, 1) was specified and was significant for all countries
except Tunisia where ARCH (1) was significant. The uncertainty process of real
interest rate is stationary in all countries except Israel where oyy: =1.02. From the

conditional standard deviation graphs we can notice that the uncertainty surrounding
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total credit in Algeria, Indonesia, Syria, and Kuwait is increasing over time and this is
supported by the small ARCH coefficient in these countries. The reason for that may
be the volatility of capital inflows to those countries that included in the total credit. In
Gulf countries Saudi Arabia and Qatar seem to have the same pattern of uncertainty.

" The uncertainty of total credit in Algeria, Indonesia, UAE, Kuwait, and Syria is
increasing over time. However, the level of uncertainty is different in each country.
For Israel, we can notice the effect of economic reform in 1986 on total credit
uncertainty; it fell sharply and became stable except the period from 1993 to 1995.

When we apply CGARCH to all series, as the second step after successful
GARCH/ARCH specification, unfortunately component GARCH in most of the series
is insignificant and negative in some cases, which implies model’s instability except for
oil price series. The good news here is the well-fitted CGARCH model for oil prices.
This enable us to go further and ihvestigate the effects of old and recent shocks to oil
prices to extract the short and long run uncertainty as we will see m the following

section.

4- Estimating Component GARCH of Oil Price

| Given the importance of oil is produced in Gulf area and Middle Eastern
countries, the political and economic instability in these countries is important for both
producing countries and the rest of the world because this instability will be reflected
by some way in the price of oil. Although prices of raw material are often modeled as
geometric Brownian motions, it could be argued that they should somehow be related

to long-run production costs (Dixit & Pindyck 1994). As the price of oil might
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fluctuate up and down in the short run in response to wars or political instability in oil
producing countries, or in response to the weakening and strengthening of the OPEC
cartel, in the longer run it ought to be drawn back towards the marginal cost of
producing oil. Thus as Dixit and Pindyck suggest, the oil price should be modeled as
mean- reverting process.

We can use component GARCH to assess the short run volatility due to wars,
political instability, etc. and the long run one. As Engle and lee (1999) explain, the
long memory behavior of the volatility process can be descﬁbed as the sum of two
conventional models where one has nearly a unit root, and the other has a much rapid |
decay. Using the model represented by equations (6) and (7) we can estimate short run
and long run volatility of oil price. To investigate the effect of Kuwait invasion in
August 1990, September 11 attack in 2001 and Iraqi war April 2003 on the volatility
of oil price, we use two sample periods of the oil prices for each event. For the Kuwait
invasion in August 1990, we use the period of 1971:1-1990:7 and the period of
1974:1-2001:8 since the former excludes the Kuwait invasion and the latter excludes
September 11 effect. For the September 11 in 2001 we use the period of 1974:1-
2001:8 to isolate the Sept 11 effect and the period of 1974: 1-2003:3. The latter allows
assessing the Sept 11 effect and excludes the Iraqi war, which is waged in April 2003.
For the Iraqi war, we use the period of 1974:1-2003:3 and the period of 1974:1-
200:10. The estimation results should not differ significantly across the two sample

periods if the effect of interest is not dramatic.

69

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



First, for the Kuwait Invasion, we can see from table 4 that the shock affects
on both components. They turn out to be significantly larger by including the invasion
period in the sample set: (o, @) are (0.159, 0.06) for the period of 1974:1-1990:8 and
(0.351, 0.107) for the period of (1974:1-2001:8). This indicates the severity of the
market rise after the invasion. The mean-reverting features of the volatility
components are also significantly affected. By including the Invasion, a + y changed
from 0.781 to 0.902. Also p does change little bit, increasing from 0.983 to 0.9981.
This suggests that the short-run volatility component mean reverts to zero at a
geometric rate of a, +y =0.902 higher than its rate in the period before invasion, (a +
v) =0.781. The larger mean reverting rate means the more persistent of the volatility
expectation to the market shocks in the past. The high mean reverting rate combined‘
with the increase in p implies that the effect of Kuwait invasion is more permanent
than transient.

These results are consistent with oil market movements after Kuwait Invasion.
The volatility increase in the oil market persisted after the Invasion. Secondly, for the
September 11 attack in 2001, we can see from table 4 that there is a significant effect
on both transitory and permanent component. However, the shock is more transient
then permanent. This is indicated by very little change in p, declining from 0.9981 to
0.9976 and a big change in the short-run component where the mean reverting rate
declines from (a + ) =0.902 in the period before September 11 to (a + y) =0.833 in
the period of 1974:1-2003:3. This implies that the change in volatility due to the shock

decayed very quickly, smaller reverting-rate. Thirdly, for the Iraqi war in April 2003,
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we can see from table 4 that the shock is more transient than permanent. There is
almost no effect on the long run component. Howeve;, the mean reverting rate
declined from 0.833 to 0.68, which means the effect of the shock, decayed rapidly in
few months. We conclude that the Kuwait invasion is the most permanent shock to the
oil price, while the following two shocks, September 11 and Iraqi war are transient.
The dominant transitory effect of the shock to oil prices has important economic

implications since this uncertainty can be resolved quickly.
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CHAPTER III
THE INTERACTION BETWEEN DOMESTIC INVESTMENT AND CAPITAL
INFLOWS UNDER UNCERTAINTY AND CREDIT MARKET
IMPERFECTION: DYNAMIC PANEL EVIDENCE
FROM OIL PRODUCING COUNTRIES

Capital flows and their repercussions to developing economies have been the
subject of much discussion in recent years in both policy circles and academic arenas.
In addition, capital flows are considered as one of the principlé means of global
integration. The strand of the discussions follows the developments in the magnitudes
and components of capital flows over the last three decades. In specific, during the
1970-1990 periods, international capital flows were mainly in the form of foreign bank
lending (FBL) directed to governments and/or to the private sector. The literature in
that period attémpted to examine three main issues. First: the causes of these inflows
and whether are they driven by “push” factors (external), or by “pull” factors
(internal). The second was the policy challenges posed by resurgence in capital flows.
The third was focusihg on the behavioral characteristics of the different types of

- capital flows. In the 1990s, the composition of capital flows changed dramatically. It
took the form of foreign direct investment (FDI) mainly and foreign portfolio
investment (FPI). These changes motivate the literature to answer questions such as:
does FDI behave differently from FPI? Are short-run flows more volatile and subject
to sudden stop or reversals? Taking the causes of flows as given, the new literature

turned its attention toward the effects of capital flows on the recipient countries.
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Domestic investment is the most important channel through which foreign
capital flows affect economic growth. However, the role of capital flows in improving
economic performance can be limited in the presence of capital market imperfection.
For oil producing countries, capital inflows can augment private saving and help those
countries reach higher rates of capital accumulation and growth. Some types of capital
inflows such as: FDI may also accelerate growth through the transfer of technology
and management skills. Also, foreign portfoliq investment (FPI) and foreign bank
loans (FBL) are seen as adding to the depth and breadth of domestic financial markets.

In this chapter a four simultaneous equations model is developed to capture the
dynamic interaction between capital inflows and domestic investment in uncertain
environment. We employ Wooldridgg’s (1996) Generalized Method of Moments three
stage least square, (GMM- 3SLS), to estimate the simultaneous equations using
different instrumental variables for each equation in a dynamic panel framework.

The contribution of this chapter to the literature is threefold. Firstly, it
combines the issue of the behavioral characteristics of different types of capital flows
raised in the 1970-1990 periods and the more recent issue of their impact on domestic
investment ih the recipient countries. Secondly, the paper is different from previous
empirical studies in the following aspects. First, it considers the impact of uncertainty
on investment, but distinguishes whether the uncertainty is persistent or not. Because
the type of uncertainty matters, we consider it by decomposing uncertainty into
transitory and permanent components. Second, we consider that the imperfection of

financial markets in these countries may lead investors to explore other channels to
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pass through capital inflows. So we focus on specific potential sources of credit
market uncertainty: real interest rate uncertainty and uncertainty of credit availability.
Finally, we consider the possible different effect of each type of capital inflows on
domestic investment to see if there are important differences. Thirdly, up to our
knowledge, the subject of the study has been never addressed using GMM-3SLS
technique. The policy implications of this study is essential for macroeconomic policy-
makers given that increasing capital inobility weakens the macroeconomic autonomy
via its potential effects on inflation, real exchange rate, and financial sector.

The rest of the paper is organized as follows: section 2 reviews the literature,
iﬁ section 3 we lay out the model, section 4 describes the data and the empirical |

results, in section 5, we evaluate the model, and section 6 concludes.

1- Literature Review

Before analyzing the impact of capital flows on domestic investment in oil
producing economies, it is important to understand the interaction relationships
between domestic investment and each type of capital flows; FDI, FPI, and FBL.
From the recipient country view, capital inflows are seen as a way of filling gaps
between domestic saving, foreign exchange, and government revenue and skills from
one side and the planned resources needed to achieve development targets. FDI may
serve a stimulus to additional domestic investmént; it may directly stimulate more
domestic investment if it is used to improve the country’s infrastructure 9Meier,
1995). FDI is an internalized investment flow (within the same MNC), which includes

capital assets as well as intangible assets. In FDI the investor derives benefits from its
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investment through increase in sales (on local market or export to third market),
reduction of costs of production, or increase in production efficiency of the group of
MNC subsidiaries. It is often asserted that FDI is one important channel through which
adoption and implementation of new technologies and ideas may take place. The new
introduced technologies may spillover from subsidiaries of MNC to domestic firms
(Findally 1978). The spillover may take place through technology imitation,
competition, backward and forward linkage through transaction between MNC and
domestic firms, and acquiring/upgrading new/existing skills (Sjoholm, 1999).

Foreign portfolio investment (FPI) is a purchase of securities (equities or bond)
issued by a company or government entity of a foreign country. Portfolio investment is
not accompanied by a transfer of intangible assets and management know-how and it
'does not result in a loss of ownership. The prime motivations of FPI are yield seeking
and risk —reducing through portfolio diversification. Portfolio investment requires
well-functioning financial markets. An efficient financial system should perform three
functions; adequate mobilization of savings (including foreign savings); efficient
intermediation between investors and borrowers; eﬁdent allocation of resources to
productive uses (UNCTAD, 1993). Having different types of institutions and
instruments, which responded to different risk/return, and time preferences of investor,
FPI is expected to help in further development of capital markets. As liquidity
increases, by FPI, turnover also increases and price volatility might be reduced, thus
inducing firms and investors to use capital markets to invest and raise funds through

issuing financial instruments. Also FPI enhances the standard of local capital markets
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by acquiring more quality of information and transparency. Moreover, FPI could also
stimulate the development of new institutions such as investment management and
financial advisory services, which improve and increase financial transactions
(UNCTAD, 1999). There could be many interactions between FDI and FPL. Through
backward and ‘forward linkages FDI can encourage the creation or expansion of
domestic companies; which in turn would provide access to FPI for financing. In turn,
FPI enhances domestic capitzil markets and strengthen financial infrastructure, which
help to attract FDI and facilitate operations of MNC. On their impacts on
macroeconomy, it is often believed that the macroeconomic impact of FPI is higher
than of FDI, because FPI is not linked to any particular firm or sector. FPI not only
can just channel finance to investments, but also can exacerbate financial and exchange
rate crisis. In addition, the increase in local borrowing by MNCs’ subsidiaries brings
the risk of crowding out local firms from local capital markets.

Based on the existing empirical research on the determinants of investment in
developing countries, I have settled for a less structured approach. The empirical
literature on investment concludes three differing views of investment behavior. The

first model, actually the oldest one, is the theory of accelerator. It emphasizes the

proportionality between the stock of capital and output and links investment to the
rate of growth of output. The second one is the early version of neoclassical
investment model. It expands on the accelerator model by relating the optimal stock of
capital to the relative cost of capital as well as the level of output. The cost of capital

is a function of the price of capital goods, taxes, the rate of interest, and the
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depreciation. The third one and the most recent version, associated with Tobin,
Brainard, and others; focuses on the relationship between the market value of
additional investment and its replacement costs- the marginal q ratio- as a determinant
of investment. The use of q yields a well-defined investment relationship since it is
compatible with forward-looking expectation and also incorporates the adjustment
costs.

The ample relatively recent theoretical literature about the role played by
uncertainty in shaping the investment behavior (Dixit and Pindyck, 1994) indicates the
importance of considering uncertainty in investment models, as we explained in the
Chapter L. It is well known that the combination between irreversibility and uncertainty
may have a substantial effect on the investment behavior (Chirinko, 1993). Theory
does not lead to any clear-cut conclusion about the impact of uncertainty on
investment, so that the importance of uncertainty is clearly an empirical matter. In
practice, most of the empirical research on investment in developing economies under
uncertainty has been driven rather ad hoc approaches that are influenced by the data
availability. A 1993 World Bank study (Rama, 1993) has surveyed a large number of
these studies. Our survey of these earlier studies of investment functions leads us to
fo_miulate investment function as a function of capital inflows, dutput growth,
government expenditure, real exchange rate, inflation rate and a set of uncertainty
measures.

A comprehensive study by Bosworth and Collins (1999) provides evidence

concerning the effect of capital inflows on domestic investment for 58 developing
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countries during 1978-95. The authors distinguish among three different types of
inflows: FDI, portfolio investment, and other financial flows - primarily bank loans.
Both capital inflows and domestic investment are expressed as percentages of GDP.
They find that an increase of a dollar in capital inflows is associated with an increase in
domestic investment of about SO cents. This result, however, masks significant
differences among types of inflow. FDI appears to bring about a one-for-one increase
in domestic investment; there is virtually no discernible relationship between portfolio
inflows and investment (little or no impact); and the impact of loans falls between
those of the other two. These results hold both for the 58-country sample and for a
subset of 18 emerging markets.

The study of each component of capital flow should matter. Lane and Milesi-
Ferretti (2000) document that different types of capital flows have different properties
with regard features such as risk, liquidity, tradability, reversibility, and exportability
and tax treatment. FDI is connected with transfer of technology and entrepreneurial
skills whereas FPI may be useful in stimulating stock market development and
improvement, especially for developing countries. Compared with FBL, FDI and FPI
entail different risk sharing properties between domestic and foreign residents.

Public expenditure may have a complementary relationship with private
investment if that type of expenditure improves the productivity of private investment.
In this case, an increase in public spending leads to an increase in private investment.
However, public spending may “crowd-out” private investment if the relationship

between them is based on substitutability. The inclusion of government spending as an

78

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



explanatory variable enables us to test the “crowding-out” hypothesis of government

spending.

While there is an extensive empirical literature on uncertainty and investment
(see the review in Carruth, Dickerson and Henley 2000), it is mainly undertaken on the
basis of one country or one indicator. Carruth et al. (2000) are of the view that broad
consensus is that ‘the relationship is negative and this consensus emerges from a wide
range of models and alternative methods of proxying uncertainty. On the other hand,
Huizinga (1993) suggests that effects vary depending on the source of uncertainty. For
example, differing results for exchange rate volatility have been found by authors such
as Goldberg (1993) and Darby, Hughes Hallett, Irelands (1998) depending on the
countries studied and the data period used.

On the impacts of uncertainty of macroeconomic variables on the composition
of international capital flow the theory is silent. Sercu and Uppal (1998) analyze the
impact of exchange rate volatility on the trade volume between countries. In their
model the trade volume is the mirror of capital flows. They used a general equilibrium
stochastic endo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>