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Abstract

This paper investigates the effects of uncertainty on the investment behaviour

using firm-level data for a sample of Belgian manufacturing firms. In general, the results

confirm former analysis at the aggregate level, stating that uncertainty does matter but that

the sign of the effect and its magnitude largely depend on which proxies are used and how

they are defined. It is shown that uncertainty has mainly an impact on the decision to

invest and to a much lesser extent on the amount invested. Furthermore, the difference

between reversible and irreversible investment is crucial. The impact of volatility on

irreversible investment is far more larger than on reversible investment.  In some cases,

the amount of reversible investment will increase with higher volatility.

JEL Codes: D81, D92, C23
Key words: investment, uncertainty, irreversibility

Editorial

On May 27-28, 2002 the National Bank of Belgium hosted a Conference on "New
views on firms' investment and finance decisions".  Papers presented at this
conference are made available to a broader audience in the NBB Working Papers
no 21 to 33.
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INTRODUCTION

Understanding investment is of major importance for economic policy makers because

fluctuations in investment are not without consequences for the rest of the economy.  Especially

in times of recession they reappear on the research agenda because of their link with the overall

performance of the economy and hence with employment and growth.  The major question is to

find efficient levers to stimulate investment when needed.

Although investment has always been an important research topic, both theoretically as well as

empirically, the results in the latter domain are not very satisfying.  A survey of Chirinko (1993)

gives a clear insight in the different ways researchers have tried to come to a better

understanding of investment, and more specific of business fixed investment.  One of his

important conclusions is that “the weight of the evidence clearly points to a modest response of

investment to prices and a much greater response to output” (p.1898). This has important policy

consequences because it implies that the level of prices and interest rates is of minor importance

for stimulating investment.

One interesting explanation for this minor role of the interest rate level as such and the more

prominent role of the volatility of economic variables, is given in the work of a.o. Dixit and

Pindyck (1994). Their analysis is based on the simultaneous existence of three phenomena:

uncertainty, irreversibility of investment and some freedom of choice on the timing of

investment. The decision to invest in an irreversible project can be seen as the decision to kill a

real option.  Basically, one will decide to invest when the marginal profitability of capital

reaches a certain threshold value which depends upon the volatility of the expected demand and

profitability. Uncertainty about future economic evolutions may increase the threshold resulting

in postponing investment decisions. Hence, in their view, reducing volatility in the economy

may give an important impulse to investment. Allthough the basic idea is rather straightforward,

translating it into empirically-verifiable specifications  is far from self-evident.
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In this paper we focuss on the relation between uncertainty and investment for manufacturing

sector firms in Belgium
1
. We use information from the annual accounts of companies that

employ more than fifty persons for the period 1991-2000. It is the only information that publicly

available on a company-level. The ideal situation would have been to combine them with

specific survey data, in which companies are asked a number of questions specifically related to

their view on the uncertainty they are facing and on the degree of irreversibility of the

investment projects they are planning.  Part of this information is gathered in the surveys of the

European Commission and the National Bank of Belgium (NBB). However, due to

confidentiality regulations, it is not possible to link the results directly to the companies in the

sample we used.

We focus on the manufacturing sector because the investment projects in this sector are often

characterized as showing a certain extent of irreversibility.  Furthermore, the amount invested is

related to firm size. The problem that an investment is a ‘sunk cost’ which can hardly be

reversed or recovered, predominantly becomes a problem when large sums are involved, which

is more often the case for large companies.

The first part of this paper gives a brief description of the real option approach of irreversible

investment projects and which introduces the role of uncertainty and volatility of the economic

environment on investment decisions. It also presents some empirical results based on aggregate

data. Especially, indicators for economy-wide uncertainty are considered because this type of

uncertainty should have the largest impact on investment, in contrast to idiosyncratic

uncertainty.  The following two sections of the paper present the analysis of investment and

uncertainty using Belgian firm-level data.  Section 2 of the paper presents the model and

hypotheses to be tested, and describes the sample and defines variables used. Section 3 presents

the empirical results. First, a cross section-type analysis of companies in the manufacturing

sector presents some indicative results. The problem, however, is that in a cross section

approach, especially for the data considered, it is not clear whether the volatility indicators

which can be constructed from the data relate to idiosyncratic or to aggregate uncertainty.

Therefore, section three of the paper continues by using pooled data for a period of ten years.

                                                
1

Other aspects which may result in a better understanding of the evolution of investments in Belgium are treated
in other papers during this conference.
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This allows us to consider not only company-specific elements, but also more aggregate

uncertainty indicators. Section 4 concludes.

1. INVESTMENT AND UNCERTAINTY: THEORY AND SOME AGGREGATE

EMPIRICS

1.1 Recent theoretical advances: the real option approach

Discussing the importance of uncertainty of the economic environment on the decision to invest

is not new.  Traditionally, taking into account uncertainty in investment analysis was done by

introducing expectations on a set of variables in the investment function, varying from simple

adaptive expectations to more complex models with rational expectations. In empirical

investment functions, one focused on capturing the dynamics underlying not only the formation

of expectations, but also the delays between the decision and the actual realization of the

investment.

During the last two decades, a new stand of theory linking uncertainty and investments, has

emerged. This theory is based on the simultaneous existence of three phenomena: uncertainty,

irreversibility of investment and some freedom of choice on the timing of investment.  It starts

from the fact that investment decisions are to a large extent irreversible, i.e. cannot be reversed

except at a high cost (the cost is largely ‘sunk’).  Combining irreversibility with the existence of

uncertainty over the future behaviour of variables that affect the value of the investment (such as

future output prices) leads to the following intuitive reasoning: suppose there is some leeway in

delaying investment until more information about the uncertain future becomes available; it may

then be optimal to wait some time before investing.  It is clear that waiting to invest implies risks

(e.g. entry of competitors) and foregone profits, but it may prevent from being trapped in an

irreversible investment project which turns out to be very costly when the adverse future

materializes.

The theory states that an investment project which satisfies these three characteristics is best

treated analogous to holding an (American-type) financial call option: for some specific time

period, an investor (a firm) has the right, but not the obligation, to pay a certain price (the
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investment cost) in return for an asset (an investment project) that has some value; when the

investment decision is made, the option is exercised, which is an irreversible decision.  Like a

financial option, the option itself has some (non-negative) value, denoted as F0 in the following,

a.o. because of uncertainty over the future value of the investment project. As a consequence,

option pricing theory can be used to ‘price’ investment decisions and decide on optimal timing

of exercise.  This gave rise to a large body of new literature, and a new class of models usually

referred to as ‘real options’ models
2
.

The basic consequence of viewing the investment decision as exercising an investment option is

straightforward, and can be illustrated most simply by referring to the conventional NPV-rule.

The direct pay-off from investing is given by V-I, where V is the present value of the investment

project and I the investment cost  (the classical NPV-criterium). When this pay-off is positive, it

is worthwhile to invest.  However, once the investment is made, the option is gone, so the value

of the option today (F0) must be considered as an opportunity cost of investing, and hence must

be added to the investment cost (I).   Hence the optimal investment criterion is modified into:

V < I + F0 : wait to invest [1]

V ≥ I + F0 : invest

Another way of indicating the same criterion is stating that the value of the project, V, must
exceed the investment cost, I, by at least the value of the option, F0, in order to decide to invest
now.  This minimum-acceptable project value is generally called the 'threshold value' of
investment, in the following denoted as V*.

In option pricing jargon, the option is said to be ‘out of the money’ in the first case (waiting) and

‘in the money’ when the underlying value of the investment (V) exceeds the option value (price)

plus the investment cost.  The basic new insight is in fact that one should wait until the orthodox

NPV is ‘very large’, with F putting an exact value to it
3
.  As such, the basic investment decision

to take is not whether or not to invest (as indicated by the orthodox NPV-rule), but rather when

                                                
2
 See e.g. McDonald & Siegel (1986), Caballero & Dixit (1992), Pindyck & Solimano (1993), Bertola and

Caballero (1994).  A comprehensive theoretical treatment is given in Dixit and Pindyck (1994). A recent
extensive review of theory and empirics is presented in Carruth et.al (2000).

3
In fact, this is what is often happening in pratice, with investment decisions taken by applying the orthodox
NPV criterion, but using 'hurdle' required rates of return that are much larger than the orthodox discount rate
(see e.g. Poterba and Summers, 1991).
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to invest, i.e. determining the optimal moment of exercising the investment option
4
. This

intuitive reasoning is graphically represented in figure 1.

<insert figure 1 here>

From the viewpoint of the subject of this paper, the most important consequence resulting from

this model solution is that uncertainty (and irreversibility) introduces a difference between the

minimum-acceptable value of the project in order to invest (V*) and the cost of investment (I).

More important even, the greater the level of uncertainty, the more the value of the investment

opportunity must exceed its cost before investment is indeed taking place. As such, the

individual investment decision is, in theory, very dependent on the level of uncertainty.

Extending the analysis from the individual firm to the country level, introduces the aggregation

problem which is treated in detail by Bertola & Caballero (1994).  Starting from the behaviour

of the individual firm, they try to come to a relation between aggregate investment and two types

of uncertainty: idiosyncratic or firm-related uncertainty on the one hand, and aggregate or

overall uncertainty on the other. The importance of this distinction is further stressed by

Caballero & Pindyck (1992). Whether changes in uncertainty will or will not affect investment

depends upon the distribution of the future values of the marginal revenue product of capital.

Only when this distribution is asymmetric, higher volatility will result in less investment.  In a

competitive market, only aggregate shocks will lead to an asymmetric distribution for the

marginal revenue product and might, in combination with irreversibility of the investment, lead

to a negative relation between uncertainty and aggregate investment.  The exact analysis of the

interaction between aggregate and firm-specific shocks and irreversibility can be found in

Caballero & Pindyck (1992) and Pindyck & Solimano (1993).

Crucial in the analysis is the assumption which is made concerning the behaviour of the

marginal revenue product of capital. When the returns are concave the relation between

uncertainty and investment is negative. This relation is reversed when the returns are a convex

                                                
4

From the previous paragraphs, it is clear that the orthodox NPV criterium is no longer valid for 'real option'
investments.  But whether this must be considered as a new theory of investment or a correction of the old
paradigm remains open and is in fact less important, as indicated also by Dixit and Pindyck (1994, p.8).
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function. The problem is that there are no sound theoretical arguments to favour one of the two

possibilities. As a consequence empirical studies of investment and uncertainty or volatility will

have to clear the issue.

1.2 Aggregate empirical results

Former analysis of the authors, as summarized predominantly in Meersman & Cassimon

(1995;1997), focused on exploring the relation between different types and measures of

uncertainty on the investment decision from an aggregate macro-economic point of view.

The crucial variable for capturing the effect of volatility (and uncertainty) on the investment

decision is the threshold value for the marginal profitability of capital.  The most obvious way to

get information on this value, is to start from information on the level of an individual firm (or

even investment project). However, for an aggregate investment function which is suitable for

economic policy recommendations at country level, there is no straightforward way to introduce

this threshold value.  Therefore, one has to rely on approximating indicators for uncertainty and

volatility; obvious candidates are the fluctuations in effective exchange rates, real interest rates,

inflation rates and real wage rates.

In order to have a first global indication of the magnitude of the effect of some of these volatility

variables on investment, an approach similar to Pindyck and Solimano (1993) was applied to

annual data for a pooled sample of 14 European countries
5
.  The results are presented in table 1.

The major conclusion is that, apart from the traditional role of accelerator and cost components

(as represented by the level of the real interest rate) volatility as measured by the standard

deviation of the effective exchange rate and the real interest rate, is an additional determinant of

the total investment level. Especially fluctuations of the effective exchange rate have a strong

negative impact.

<insert table 1 here>

                                                
5

Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, the Netherlands, Norway, Spain,
Sweden and the United Kingdom.  The sample period was 1971-1992.
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When concentrating on business fixed investment (as in the right column of table 1), the results

are even more pronounced and in addition, the impact of the level of the real interest rate

disappears. These results confirm the theory of Dixit & Pindyck in as much as they support the

negative relation between volatility and investment. However, the rather 'global' empirical

approach is not without any criticism because it masks the country-specific aspects which might

affect the investment behaviour.

This becomes clear when empirical analysis for individual countries is considered, as shown in

table 2. The most striking issue of these results is that there are considerable differences between

the countries in the way business investments react to changes in volatility. Although there is

evidence for the presence of such effects in the short run for most countries, it is not always clear

that the effects work in the same direction.  Not only is there a difference in the direction in

which the volatility indicators affect investment, but there is even a difference between countries

in the contribution of the different volatility indicators.  As a consequence it is hard to conclude

that for Europe there is evidence for the negative relation between investment and uncertainty.

Although there might be some indication, it should be treated with the utmost care.

<insert table 2 here>

For most of the countries, the volatility of the real interest rates has a significant negative impact

on investments which is in line with the global results. For the Belgian case, the results are

mixed with short-term rates indicating a negative effect, and long-term rates indicating the

opposite.

The effect of fluctuations in the real effective exchange rate are less pronounced and illustrate

that the global results indeed require a carefully balanced appraisal. In a European context, the

policy consequences are that the reduction of the volatility of the exchange rates will not have a

large impact on investment; for the Belgian case, however, these preliminary results seem to

indicate that it does. If, however, this reduction requires frequent adjustments of the interest

rates, the final effect on investment might be negative.
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Quite remarkable is the effect of wage volatility on investment. For the majority of the countries,

larger wage variation results in higher investments.  This indicates that a flexible wage formation

process which allows for larger fluctuations in wages, might be advantageous for investment. A

possible explanation for these findings might be that the stickiness of the European labour

markets makes labour a quasi-fixed production factor. In order to adjust production costs in the

short run, firms cannot instantaneously change the number of workers.  If, however, they have

more flexibility in adjusting the wage costs, this might increase their short-run profitability.

These general tendency is not witnessed  so far for the Belgian results.

2. FIRM-LEVEL ANALYSIS ON INVESTMENT AND UNCERTAINTY IN THE

BELGIAN MANUFACTURING SECTOR: THE EMPIRICAL MODEL

It is clear that the tentative results emerging from this aggregate analysis are too unstable to

be relied on for use in hard policy advice. For this, we need additional analysis using more

large-scale, micro-economic data. It is the major scope of this paper to replicate what has

been done so far using the available firm-level, a.o. coming from the data base assembled by

the NBB, for the Belgian case, in a panel data approach. As such, we can confront these

findings not only with our former aggregate findings, but also with comparable studies

already executed for other countries (see e.g. Leahy & Whited (1996) on US data).

The use of panel data often allows the examination of issues that can not be studied in either

cross-sectional or time-series settings alone. The advantage is that there is more flexibility in

modelling differences in behaviour across sectors or even across companies. One can

formally model the heterogeneity across groups that is typical in micro data at the company

level.

As already discussed before, when investigating the impact of uncertainty on firm investment

decisions, it is important to consider idiosyncratic (firm-related) and aggregate uncertainty.

Whether changes in uncertainty will or will not affect investment depends upon the distribution

of the future values of the marginal revenue product of capital. Only when this distribution is

asymmetric, higher volatility will result in less investment. In a competitive market, only

aggregate shocks will lead to an asymmetric distribution for the marginal revenue product and

might, in combination with irreversibility of the investment, lead to a negative relation between
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uncertainty and aggregate investment. By their nature, panel data are the ideal setting for

studying this difference.

In firm-level models of investment under uncertainty, investment depends on the expected

value and conditional variance of variables such as demand for the firm’s product(s),

profitability, factor costs, capital costs, or technology, in addition to other variables. These

are clearly all subjective projections conditional on information available to the firm’s

investment decision makers. Empirical work along these lines has evolved around two lines

of thought. One borrows from the aggregate investment analysis the use of uncertainty

proxies such as the standard deviation of (changes in) variables such as inflation, real

exchange rates, interest rates, wage rates, or even the parallel premium (Federer, 1993) or

stock market prices. Among the studies using this approach on firm- or sector-level data are

Ghosal & Loungani (1996) and Whited & Leahy (1996). These are valid proxies to the extent

that indeed firms forecast future volatility based on past trends and that the aggregate

volatility trends are part of their information set (Patillo, 1998).

More recently, empirical research tries to directly measure the firm’s investment decision

maker perception of uncertainty and risk by relying on (or combining this with information of

the first type) information from surveys of a panel of firms that include questions on the

person’s subjective future expectations (and their subjective probability distribution) of key

variables such as demand for the firms’ product(s), from where uncertainty measures of these

variables can be constructed (Patillo, 1998; Guiso & Parigi, 1999).

The model presented here will focus on the first line of thought, as the second approach is

followed by another contribution to the project (Butzen et al., 2002).

2.1 Theoretical model and hypotheses

The model starts from a derivation of the firms’ optimal investment rule stating that

investment is undertaken only when the marginal revenue product of capital (MRPK) reaches

a certain trigger level: the  first-order condition says that the firm waits to undertake  an

irreversible investment decision until the expected present value of MRPK exceeds the cost
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of the investment (P) by the multiple ϖ, where ϖ, among other factors, is increasing in the

variance of indicators for business conditions, and as such, uncertainty increases the (firm-

specific) investment trigger point.

So company i will invest a certain amount if it decides to invest (INVDi=1) which will be the

case if  MRPKi/Pi  ≥ triggeri.  The company will not invest (INVDi=0) if  MRPKi/Pi  <

triggeri.  The decision to invest will depend upon the change in real value added, DYi,

profitability, PROFi, the user cost of capital, UCi, the marginal revenue product of capital,

MRPKi, expected demand growth, DDi, firm characteristics, CHARi, and, indirectly, on

uncertainty indicators, UNCi,  and irreversibility indicators, IRRi.

If the company decides to invest, the company's investment rate, Ii, is only function of the

change in real value added, DYi, profitability, PROFi, the user cost of capital,UCi,  and  the

firm characteristics, CHARi. The uncertainty indicators, UNCi,  and irreversibility indicators,

IRRi should not have an impact on the amount invested.

Traditionally in empirical studies of investment, the decision whether or not to invest and the

decision on the amount invested are not considered seperately.  Most of the time a reduced-

form investment function is estimated. This type of investment function contains the

variables which have an impact on the amount invested and, indirectly, also the variables

which have an impact on the decision to invest. This gives the traditional investment function

augmented with the marginal revenue product of capital and the uncertainty indicators, or

i
'
ii uaZI += [2]

where Zi contains the variables which have an impact on the investment and the investment

decision (DYi, PROFi, UCi, CHARi,UNCi, IRRi).

The coefficients of this equation can be estimated with OLS.   However, one has to take into

account the fact that, given the definition of I, one cannot observe negative investment.

Therefore the investment function is better represented by a standard Tobit model.

i
'
i

*
i uaZI += [3]







≤

>
=

0I    if     0

0I    if    I
I

*
i

*
i

*
i

i [4]
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However, the sample of companies that invest, is not necessarily a random sample.  On the

contrary, in this case companies will invest if the real marginal revenue product of capital

reaches the trigger.  When the decision to invest is correlated to the investment function, the

traditional Tobit-model should be expanded to a sample selection or tobit II model 

1i1
'
1ii ußXINVD +=    [5]

2i2
'
2ii ußXI += [6]

where we have the following observation rule

2i2
'
2ii ußXI +=  , INVDi=1 if  0ußX 1i1

'
1i ≤+ (triggeri-MRPKi/Pi≤0) [7]

Ii not observed, INVDi=0 if 0ußX 1i1
'
1i >+       (triggeri-MRPKi/Pi>0) [8]

and Ii is the investment ratio of company i, INVDi is a binary variable indicating whether the

company is investing (INVDi=1) or not investing (INVDi=0), and X1i and X2i are vectors

containing exogenous variables, where X1i may differ from X2i.  It is assumed that the

disturbance terms (u1i,u2i) are normally distributed with expectations zero, variances
2
2

2
1 s,s and covariance σ12.

The conditional expected investments, given that the company has decided to invest, is given

by:

)ßF(X

)ßf(X
sßX 1)INVD|E(I

1
'
1i

1
'
1i

122
'
2iii +== [9]

where  the last term is the conditional expectation of a standard normal distribution given that

company i has decided to invest.  The ratio f(.)/F(.) is sometimes referred to as Heckman's

lambda, following the analysis of sample selection models by Heckman (1979). If the

disturbances u1i and u2i are uncorrelated, the investment equation could be estimated

consistently by ordinary least squares.  However, if the covariance between u1i and u2i (σ12)

differs significantly from zero, the OLS estimates of the investment equation will be

vulnerable to a sample selection bias.

In this case, both equations should be estimated simultaneously taking into account the

correlation between the decision to invest and the investment function.  The loglikelihood

function can be written as
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∑

∑
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
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




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







−

−+
+

−
−+

−=

1

0

H
2
212

2
'
2ii

2
2121

'
1i

2
2

2
2

'
2ii2

2

1
'
1i

H

/ss1

)ßX)(I/s(sßX
lnF

2s

)ßX(I
)? s(-1/2)ln(2 

))ßF(Xln(1lnL

[10]

with

H0 = {i: triggeri-MRPKi/Pi>0} and H1={i: triggeri-MRPKi/Pi≤0}

and

F(.) is the value of a standard normal cumulative distribution.

For the estimation, one can use the Heckman's two-step procedure (Heckman, 1979).  In the

first step the selection model is estimated using a probit maximum likelihood. The estimates,

1ß̂ , are used to calculate Heckman's lambda, which enters the investment function:

  1)INVDE(uue  and       e
)ß̂F(X

)ß̂f(X
sßX I i2i2iii

1
'
1i

1
'
1i

122
'
2ii =−=++=     [11]

that is estimated in the second step with ordinary least squares. The estimates are concistent

but not efficient.  The major problem with this two-step-procedure is that the traditional OLS

standard errors are incorrect if σ12≠0.  Heckman (1979) has shown how the OLS covariance

matrix can be appropriately corrected to give reliable standard errors.

2.2 Sample description

Our sample includes all Belgian manufacturing companies from NACE-code 3, which

reported unconsolidated complete annual accounts for the last ten years and that have at least

50 employees in the last year of reporting (2001). Data are obtained from BelFirst. In this

way we obtain data for 462 companies. Table 3 describes our sample. As can be seen from

panel A the average age of the companies in our sample is 27 years. The sample is equally

split over medium companies (30-99 employees) and large companies (more than 100

employees). Panel C through E report the 25%, 50% and 75% percentiles and the mean in

thousand BEF for turnover, total assets and return on capital employed respectively for the

last year.

<insert table 3 here>
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2.3 Definition of variables

The definition of the variables is given in table 4.  For the investment ratio's three alternatives

were considered, of which only I1 was actually used for estimation.  As a consequence there

are no disinvestments and I1≥0.  From the four alternative profitability indicators, only net

profit over turnover (PROF2) gave the most reliable results.  Assuming perfect competition,

the marginal revenue product of capital is set equal to the ratio of profit to capital.

Theoretically, uncertainty should enter the model through the variance of expected demand.

However, information on demand expectations is not available directly from company

accounting data.  Therefore we had to consider some alternative indicators. A number of

variables were considered, but finally the 4-year-variance of the profitability was used.  It

combines the volatility of a number of  factors, such as prices, sellings, wages, capital costs,

etc. It is clear that this indicator has its limitations, but it seemed to perform well as an

approximation of the uncertainty the companies are facing.

In general uncertainty will have an impact mainly on large, irreversible investments. The

problem however is, that it is not straightforward to define ‘large’ and ‘irreversible’. We

consider as an indicator of reversibility the fact that part of the capital stock is leased and use

a dummy variable, REV, which is 1 for reversible investments and 0 otherwise. The impact

of uncertainty is represented by the following component:

(α + βREVi)VARPROFi = αVARPROFi + β  (REVi)(VARPROFi) [12]

We expect the variance of the profit rate to have a negative impact on the decision to invest

and to have no impact on the amount invested, once it is decided to invest. For reversible

projects one expects that the value of β  offsets the value of α, in the decision to invest.

To account for investments being ‘large’, we split up the sample in two parts. The trigger is

the  first quartile of the investment rate. Values above the trigger are considered as 'large', for
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values below the trigger it is assumed that the investment is too small to be relevant for this

study and those companies are considered not investing.

3. FIRM-LEVEL ANALYSIS OF INVESTMENT AND UNCERTAINTY IN

BELGIAN MANUFACTURING: EMPIRICAL RESULTS

This section presents the empirical results of firm-level analysis for the Belgian

manufacturing sector using the model as described in section 2. As a first approximation, the

model is applied using cross-sectional data for 1999. We then move on to presenting results

from pooled firm-level data for the 1991-2000 period in order to be able to study the impact

of aggregate uncertainty.

3.1 Empirical results from a cross-sectional approach

As a first exploration, the model was estimated with cross section data for Belgian

manufacturing companies and using OLS, a Tobit and the two-step-sample selection

procedure.  Estimating simultaneously the probit and the investment function failed due to the

fact that the procedure did not converge.

The results are presented in table 5. In general, the explanatory power of the models is rather

low compared to the aggregate time series models, but this is hardly surprising for cross-

section analysis on the firm level.

< insert table 5 here >

The impact of uncertainty, measured by the 4-year variance of net profit over turnover, has

clearly an impact on the decision to invest or not.  Higher uncertainty reduces the probability

to invest when the investment is characterised by a higher degree of irreversibility, but it has

clearly no impact on the amount invested.  When investments are reversible, uncertainty has

no longer an impact on the decision to invest (α does not differ significantly from -β).

However, the amount invested will increase as uncertainty increases under the condition that

the investments can easily be reversed.
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Company size has an impact on the decision to invest, with a higher probability to invest for

larger firms.  No significant impact of company size on the amount invested could be found.

Additionally, we could not find any significant sector-specific impact.

The results for the cross-sectional data do provide some indication, albeit not a very

convincing one, of the existence of sample selection. A positive innovation in the probability

to invest will also increase the amount invested. However, one should be careful with this

interpretation because in the two-step procedure Heckman's λ may also capture the impact of

missing variables, such as aggregate uncertainty. In order to capture this effect of aggregate

uncertainty in a more direct way, we move on to a pooled analysis.

3.2 Investment and aggregate uncertainty: empirical results using pooled firm-level
data

One of the shortcomings of using cross-section data is the fact that it is not possible to

introduce the volatitility of a number of macro-economic policy variables, such as interest

rates, inflation rates, exchange rates, etc. Therefore we decided to pool data, in order to be

able to study the impact of aggregate uncertainty.

The basic underlying model remains the same. The difference is that, apart from company-

specific data, general uncertainty indicators are introduced. They are the same for all the

companies under consideration, but vary over time.

Inspired by our former work (Meersman & Cassimon, 1995;1997), we use as an

approximation for the volatility in the economy the variance of the long term interest rate and

the effective exchange rate.  The variances are estimated using three different approaches.  In

the first approach the variance of the change of the long term interest rate (VDIRL) and of the

real effective exchange rate (VDREER) is calculated as the variance of the monthly data in

the year under consideration. For the second approach an ARIMA- model is estimated for the

interest rate and for the effective exchange rate with annual data from 1975 to 2000. The

variance of the resulting residuals are calculated over different time spans but the best  results

were obtained with a time span of five years.  For the long term interest rate this results in the

indicator V5DIRL. For the effective exchange rate two ARIMA specifications are withheld
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resulting in the indicators V5DREER1 and V5DREER2.  Finally, the ARIMA-models were

combined with a GARCH specification which was used to calculate estimations of the

variances VDIRLGARCH, VDREER1GARCH and VDREER2GARCH.

Table 6 gives an overview of the correlations between the different uncertainty indicators.  It

is remarkable that there is only little correlation between the indicators which questions some

of the approximations of volatility and which might have severe consequences for the

estimation of the investment model.

< insert table 6 here >

The results of  the OLS-estimation results with the full sample are reported in table 7,  the Tobit

estimation results in table 8.  The Probit estimation results for the probability to invest are given

in table 9.  They were used to calculate Heckman's lambda which is used in the sample selection

estimation of the investment function, the results of which are given in table 10.

< insert table 7 here >

< insert table 8 here >

< insert table 9 here >

< insert table 10 here >

The results confirm to a large extent the conclusions of the cross-section estimations. However,

there are some remarkable differences and additional elements to discuss.  In this pooled sample,

the coefficient of Heckman's lambda differs significantly from zero which implies that the Tobit-

II estimates of the investment function are the most reliable ones. There is a positive correlation

between the probability to invest and the amount invested. Innovations which will result in a

higher probability to invest, will increase the amount invested by those firms which decided to

invest.

Changes in value added have no significant impact on the probability to invest, but have a strong

impact on the amount invested. The distributed lags are spread over three years with the

strongest impact in the year of the investment.  Net profit over turnover has a very strong impact

on the probability to invest as well as on the amount invested. The higher the profit rate, the

higher the probability to invest and the higher the amount invested. If the profit rate is
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considered as a proxy for liquidity of the company, this implies that we may conclude that the

degree of liquidity is an important factor in the investment decision process.

The probability to invest increases clearly with company size but we could not find a significant

impact of the company size on the amount invested. This result may be biased due to the fact

that we did not consider small size companies in our sample. We tried to introduce sector

specific dummy variables but we could not find any significant impact. This might be partly due

to the fact that the sample is restricted to the manufacturing sector.

The marginal revenue product of capital has a positive and significant impact on the probability

to invest, but has no significant impact on the magnitude of the investment. This is in line with

the theory, which states that the firm will decide to invest if the MRPK/P is equal to or bigger

than the trigger. If this is not the case the company will postpone the investment (independent of

the amount they wish to invest) until the moment that the trigger is reached.

The impact of uncertainty has to be considered in somewhat more detail. In the cross sectional

analysis it was clear that the volatility of the profitability has a negative impact on the

probability to invest when investment is irreversible. The amount invested will increase with

volatility for reversible investment. These results are confirmed by the estimations on a pooled

data set  when the uncertainty is measured solely by the variance of the profitability.

The introduction of aggregate measures of volatility does not add much to the explanatory

power of the models. One explanation for this may be found in the rather short time series

horizon and the fact that in the period considered here fluctuations of the effective exchange rate

and the long term interest rate were rather small.

As could be expected from the correlation matrix of the volatility measures, the impact of the

proxies for aggregate uncertainty differs considerably depending on the method of calculation of

the volatility used. The most convincing results are those where the variance of the profitability

are combined with the variance from the GARCH estimations of the long run interest rates and

the effective exchange rates. Contrary to the impact of the volatility of the profitability, the

variance of the long run interest rate and the effective exchange rate have an impact on the
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amount invested of the companies which decided to invest. Higher volatilities reduce

irreversible investment much stronger than reversible investment.

4. CONCLUSIONS

The analysis in this paper has shown that uncertainty does matter for firm investment, but that

the sign of the effect, and the exact magnitude largely depends on the way in which the

proxies for uncertainty are defined.

The results from aggregate macro-economic analysis point at the negative impact of

uncertainty as proxied by the volatility of effective exchange rates or interest rates; on the

other hand, proxies such as wage volatility showed in general a positive effect. However,

country-specific estimation results showed a lot of variation between (European) countries.

According to theory, the uncertainty has mainly an impact on the decision to invest and only

to a much lesser extent on the amount invested. This is clearly confirmed by the empirical

analysis based firm-specific data for the Belgian manufacturing sector using both cross-

sectional as well as pooled data.

Furthermore, the difference between reversible and irreversible investment is crucial. The

impact of volatility on irreversible investment is far more larger than on reversible

investment.  In some cases, the amount of reversible investment will even increase – and

significantly so, with higher volatility.

In our analysis, introducing indicators for macro-economic volatility, such as real interest rate

and effective exchange rate volatility, in the firm-specific investment data analysis does not

seem to add significantly to the explanatory power of the models. One of the reasons might

be the short time series used to capture the aggregate volatility.

Uncertainty is approximated by the volatility of a number of variables, but it is clear that a lot

more factors are present once one descends to the level of micro-data. Part of the uncertainty can

be captured by it, but the non-systematic, white noise volatitlity will not be incorporated in this

type of models. Using longer time series and modelling simultaneously all the uncertainty
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elements involved might help to come to more robust results, and can be the basis for future

work.
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Figure 1.  Real option analysis (ROA) versus the net present value rule (NPV)
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Source: Cassimon & Meersman (1997, p.6).



NBB WORKING PAPER No. 23 - MAY 2002 23

Table 1. Investment and Macroeconomic Volatility Indicators: Global Results

Explan.

Variables

Dependent variable

lnI LnIB

Constant -1.233

(.130)

-1.933

(.202)

lnY 0.980

(.008)

0.982

(.012)

dlnY 7.613

(1.783)

10.748

(2.774)

RR -.024

(.006)

-.008

(.009)

SdEFER -2.131

(.552)

-2.084

(.859)

sdRR -0.029

(.012)

-.025

(.019)

R² 0.997 0.994

DW 1.97 1.92

Sum u² 0.337 0.816

# obs 42 42

Legend: Values between brackets are standard errors. The data used for estimation are from the OECD Economic
Outlook Historical Series from 1971 to 1992 for the following countries: Austria, Belgium, Denmark, Finland,
France, Germany, Greece, Ireland, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom.
Y = Gross Domestic Product, volume; I = Total Fixed Investment, volume; IB = Investment by the business sector,
volume; RR = Real interest rate, Long-term; EFER = Effective Exchange Rate, BOP definition; sd refers to
standard deviations of the variables, as proxies for volatility; and d refers to changes from the previous year
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Table 3. Sample Characteristics (Number of firms in the sample: 462)

Panel A. Age in 2001

average 27

< 6 years 4

6-10 years 56

11-20 years 161

21-30 years 72

31-40 years 63

41-50 years 48

51-60 years 23

>60 years 34

Panel B. Size

average 277

Medium (30-99 employees) 224

Large (≥ 100 employees) 238

Panel C. Turnover

M25 442504

M50 812477

M75 1731868

Mean 2803585

Panel D. Total assets

M25 310132

M50 567588

M75 1307924

Mean 2098211

Panel E. Return on capital employed

M25 2.51

M50 11.05

M75 22.93

Mean 12.26
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Table 4. Definition of variables

General variables

Y Value added

K Tangible assets

L Number of employees

size Total assets

w Labour cost per employee

RK return on capital

CF Cashflow

TO Turnover

Investment ratio's

I1 New tangible assets/K-1

I2 New tangible assets/Y

I3 Investment/K-1

(Investment calculated using NBB prefered definition: codes 8169+8179+8229+8309)

Profitability indicators

PROF1 CF/K

PROF2 Net profit/TO

PROF3 Gross operating marge

PROF4 Net operating marge

Uncertainty indicators

VARPROFi 4-year variance of PROFi    (i=1,...,4)

Reversibility measure

REV =1   if part of the capital stock is leased

=0   otherwise

MRPK-proxy

PK operating profit/K      (assuming perfect comp.)
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Table 5. Estimation of investment functions using cross-section data

OLS TOBIT (I) (II)

constant 39.66

(3.461)

46.03

(4.635)

-1.243

(0.786)

-28.83

(57.29)

DY 1.730

(.654)

12.463

(1.946)

12.93

(7.567)

DY-2 2.714

(1.047)

0.119

(0.0506)

PROF2 -.751

(.578)

PROF2-1 0.018

(0.0116)

PROF2-2 1.260

(.455)

1.905

(.676)

2.253

(1.167)

ln(SIZE) 0.140

(0.0587)

PK 0.204

(0.0856)

VARPROF2

(α)

-.0143

(.0227)

.0199

(.0666)

-0.0012

(0.00065)

0.00416

(0.0698)

VARPROF2

*REVERS (β)

.241

(.0531)

0.214

(0.0808)

0.0016

(0.00091)

0.250

(0.0892)

Heckman's λ 192.82

(144.625)

# Observations 452 451 451 343

lnL -2532.7 -1934 -228.17 -1933

χ² for α+β=0

(Prob)

0.416

(p=0.52)

15.55

(p=0.00008)

Adj. R² .061 .144 .15

% correctly predicted 75.83

(I) Reduced form Probit, INVD=1 if any investments, 0 otherwise

(II) Investment selection model voor I

Number between brackets are heteroscedastic robust standard errors and for (II) corrected for sample selection
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Table 6. Correlationmatrix of uncertainty indicators within the sample (1991-2000)
VDIRL VDREER V5DIRL V5DREER1 V5DREER2 VDIRL

GARCH

VDREER1

GARCH

VDREER2

GARCH

VDIRL  1.000  0.177  0.056 -0.524 -0.436  0.016  0.575  0.387

VDREER  0.177  1.000  0.344 -0.238 -0.106  0.298  0.271 -0.444

V5DIRL  0.056  0.344  1.000  0.087 -0.095 -0.132  0.704  0.374

V5DREER1 -0.524 -0.238  0.087  1.000  0.865 -0.664 -0.507 -0.269

V5DREER2 -0.436 -0.106 -0.095  0.865  1.000 -0.483 -0.649 -0.492

VDIRLGARCH  0.016  0.298 -0.132 -0.664 -0.483  1.000  0.247 -0.279

VDREER1GARCH  0.575  0.271  0.704 -0.507 -0.649  0.247  1.000  0.608

VDREER2GARCH  0.387 -0.444  0.374 -0.269 -0.492 -0.279  0.608  1.000
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