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Investment, Uncertainty, and
Irreversibility in Ghana 

CATHERINE PATTILLO*

Panel data on Ghanaian manufacturing firms are used to test predictions
from models of irreversible investment under uncertainty. Information on
the entrepreneur’s subjective probability distribution over future demand
for the firm’s products is used to construct the expected variance of
demand, which is used as a measure of uncertainty. Empirical results sup-
port the prediction that firms wait to invest until the marginal revenue prod-
uct of capital reaches a firm-specific hurdle level. Moreover, higher uncer-
tainty raises the hurdle level that triggers investment, and uncertainty has
a negative effect on investment levels that is greater for firms with more
irreversible investment. [JEL D81, D92, C24]

THIS PAPER ANALYZESthe impact of uncertainty on the investment behav-
ior of Ghanaian manufacturing firms using a panel data set for the years

1994–95. Recent literature has focused on how uncertainty affects invest-
ment when capital expenditures are largely sunk or irreversible. The empir-
ical analysis presented here explores the extent to which the investment-
uncertainty relationship is affected by the degree of reversibility of a firm’s
capital expenditures, an issue that has not received much attention in the few
existing firm-level studies of investment under uncertainty. Empirical meth-
ods for investigating the investment-uncertainty relationship are developed
and applied to the example of Ghanaian manufacturing sector firms. The
objectives are to test some of the theory’s predictions as well as to explore
questions on which theory is not conclusive. In addition, the paper tests
whether a firm-level uncertainty variable that measures the entrepreneur’s
perceptions of risk is significant in the model estimation.

* Catherine Pattillo, an Economist in the Research Department, received her
Ph.D. from Yale University. She would like to thank Giuseppe Bertola, Eduardo
Borensztein, Paul Collier, Jan Willem Gunning, Stephen Nickell, and Francis Teal
for helpful comments.



Following the introduction of Ghana’s Economic Recovery Program
(ERP) in 1983, private investment was initially very weak, but improved to
more consistent, although still modest, levels during 1987–91, the second
phase of the ERP. In 1992 private investment slumped in the wake of large
slippages in fiscal and monetary policy. From 1993–95, the government had
limited success in regaining control over public finances and restraining
monetary growth. Private investment remained low in the face of uncer-
tainty arising from persistently high inflation and the uneven nature of pol-
icy implementation in both macroeconomic and structural policies. For the
period 1992–96, private investment averaged only 4.1 percent of GDP.

In analyzing private investment in Ghana during 1983–91, a recent IMF
Occasional Paper concludes that “the most important impact of policies on
private investment behavior was through their effect on macroeconomic
instability and uncertainty” (Hadjimichael and others, 1996, p. 29). It is
noted, however, that aspects of this uncertainty could not be captured ade-
quately in the estimated aggregate investment equations. It is likely that the
same conclusion would apply to the period after 1991.

During 1994–95, an ongoing survey of a panel of Ghanaian manufactur-
ing firms included questions on entrepreneurs’ perceptions of uncertainty in
the context of a volatile macroeconomic environment. Firm owners reported
their probability distribution over future demand for the firm’s products. A
variable representing the firm’s uncertainty about future demand conditions
is constructed from this probability distribution and is used in the invest-
ment regressions. 

In firm-level theoretical models of investment under uncertainty, invest-
ment depends on the expected value and conditional variance of the demand
for the firm’s product (or expected value and conditional variance of factor
costs, capital costs, or technology), in addition to other factors. The important
point is that these variables are all subjective projections, conditional on infor-
mation available to the firm. Empirical work on investment under uncertainty
has largely focused on aggregate investment and employed uncertainty prox-
ies such as the standard deviation of past changes in inflation, real exchange
rates, or the parallel premium (Ferderer, 1993; and Huizinga, 1993). A few
studies using firm- or sector-level data have also used these types of uncer-
tainty proxies (Ghosal and Loungani, 1996). For these to be valid proxies,
however, one must assume that firms forecast future volatility based on past
trends and that the aggregate volatility trends are part of their information set.
In contrast, the uncertainty variable employed in this paper directly measures
the entrepreneur’s perceptions of risk, conditional on his or her information.

A number of recent models have characterized optimal investment
behavior when investment is irreversible and demand follows a geometric
Brownian motion. The firm allows the marginal revenue product of capital
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(MRPK) to fluctuate stochastically, and invests only when the MRPK hits
an optimally derived trigger. It can be shown that the trigger is increasing
in the standard deviation of the demand process. In this sense, greater uncer-
tainty leads to less willingness to invest. However, average investment dur-
ing a given period depends on how soon and how often the MRPK reaches
the trigger. Although greater uncertainty raises the trigger, a more volatile
process may hit the trigger more often. Thus, the net effect on short-run
investment depends on the balance of these factors. 

There is less consensus on the effect of irreversibility and uncertainty on
long-run average investment and the capital stock. Abel and Eberly (1995)
show that since firms with irreversible investment face a higher user cost of cap-
ital, investment and the capital stock tend to be lower. However, when the irre-
versibility constraint binds, the firm would like to sell capital but cannot, and
this “hangover” effect tends to increase the average capital stock. In the Abel
and Eberly model, uncertainty adds to the ambiguity: whether or not uncertainty
implies a lower capital stock under irreversibility depends on the parameters. 

In light of these theoretical predictions and nondefinitive results, I con-
sider three questions. First, can a method be developed to test the central
prediction that investment is triggered only when the MRPK reaches a par-
ticular hurdle level? Second, does uncertainty increase the investment trig-
ger, and is this effect larger for firms with more irreversible investment?
Third, does uncertainty have a greater negative effect on the investment rate
of firms with more irreversible investment?

Since the investment trigger is not observable, an indirect approach is
used to test the prediction that firms do not invest when the MRPK is below
the trigger, and invest only when it reaches the trigger. In the data set,
approximately half of the firms do not invest in a given year. Following the
theory, this information is exploited by assuming that when a firm invests,
the measured MRPK is equal to the trigger. Using this as a first-stage proxy
for the trigger, I explore its determinants, including the effects of uncer-
tainty variables. Using the coefficients from this estimation, a predicted
trigger can be calculated for both investing and noninvesting firms. A pro-
bit model is then used to test a model in which the firm invests when the
MRPK is equal to (or greater than) the predicted trigger value. 

I. Background

Since the beginning of the ERP in Ghana in 1983, uncertainty has damp-
ened private investment, although the nature of the uncertainties has changed
over the period. During 1983–86, the credibility and sustainability of the
reform was still in question. Uncertainty over whether the large changes in
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relative prices would persist may also have led investors to adopt a wait-and-
see attitude. Although private investment rates improved during 1987–91,
the very gradual nature of many of the structural and institutional reforms
may have also led to some waiting behavior. Following the 1992 fiscal shock
(mainly caused by a large increase in wages for public sector employees),
there was a marked downturn in economic performance. The uncertainty
created by macroeconomic instability, high inflation, and some slippage in
policy implementation created an environment of uncertainty for investors. 

The weakness in private investment since 1992 (see Figure 1) has been an
important policy concern, as reversing the poor investment record was con-
sidered key to the strategy for achieving the accelerated growth objectives
(Aryeetey, 1994). Although data on the sectoral composition of aggregate
investment do not exist, it is likely that manufacturing investment is extremely
low, given the stagnant growth in manufacturing sector value added. 

Structural reforms that improved the environment for manufacturing
have continued through the 1990s, including corporate tax reform in
1991 and the approval of a more liberal Investment Act in 1994. Capacity
utilization rates have increased from the very low levels of the mid-1980s
as access to imports has improved, and manufacturing has been freed
from burdensome controls and regulations. However, the manufacturing
sector has also had to cope with increased competition following trade
liberalization, higher costs for imported inputs and capital goods as the
real exchange rate depreciated, periods of high real interest rates, and
limited new lending from the troubled financial sector.

The outcome has been that, following an initial boom in the growth
rate of manufacturing value added during 1984–87, growth rates fell to
an average of 3.1 percent during 1988–91, and remained low at 2.7 per-
cent during the period 1992–95. There have been large changes in the
sectoral composition of GDP since the ERP: agriculture’s share of GDP
has fallen significantly and service’s share has increased. The share of
manufacturing in GDP, however, has remained essentially the same.

II. The Sample

The Ghana survey collected panel data for the five years 1991–95 from a
sample of approximately 200 manufacturing firms.1 This paper, however,
uses the 1994–95 data since the question on the subjective probability

1 The first three rounds of the survey were part of the Regional Programme on
Enterprise Development (RPED), organized by the World Bank (see Centre for the
Study of African Economies, 1995). Rounds 4 and 5 are part of the Ghana
Manufacturing Enterprise Survey (GMES), funded by the U.K. government,
Department for International Development. 
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Figure 1. Ghana: Selected Economic Indicators 1983–96, Unless Otherwise Indicated

Sources: Real GDP growth, investment: staff estimates; CPI inflation: IFS; NEER,
REER: Information Notice System.

1 Calculated using the official exchange rate for the cedi. An increase in the index
indicates an appreciation.
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distribution of future demand was included only in the most recent surveys.
The sample includes firms in eight sectors: bakeries, food manufacturing,
furniture, garments, machinery, metalworking, wood products, and textiles.
The size distribution ranges from micro firms with less than five workers to
large-scale enterprises with over 100 employees. The firms are located in
four cities: Accra, Cape Coast, Kumasi, and Takoradi. Some firms are
wholly owned by private sector Ghanaians; others have some state or for-
eign ownership. Table 1 presents the age, size, sector, and ownership distri-
bution of the 1994–95 sample.

Table 2 shows that the fraction of firms undertaking any investment is
low: 52 percent of firms invested in plant and equipment, while 48 per-
cent did not invest at all during 1994–95. While the proportion of firms
investing increased from 49 percent in 1994 to 56 percent in 1995, the
proportion had fallen in 1994 from 54 percent in 1993. Large firms have
a higher propensity to invest, but have a lower investment-to-capital ratio
than small firms. The mean ratios of investment to capital and investment
to value added have increased slightly from the 1991–93 values. 

Comparative analysis on manufacturing investment in Cameroon,
Ghana, Kenya, and Zimbabwe over the period 1991–93 shows that the dis-
tributions of these investment variables are highly asymmetric, indicating
that medians as well as means should be examined (Bigsten and others,
1997). Table 3 shows, for example, that the mean profit rate of the Ghanaian
firms was 422 percent, while the median was 68 percent.2 While in the
period 1991–93 Ghana was the only country of the four to experience pos-
itive mean growth in real value added/capital, during 1994–95 Ghana’s
average growth in real value added/capital turned negative.

III. Theory

The first two empirical issues addressed in this paper are motivated
directly by recent theoretical models of irreversible investment under
uncertainty. A number of models3 have shown that the firm’s optimal
investment policy calls for inaction when the MRPK is below a trigger
level, and purchase of capital to prevent the MRPK from rising above
the optimally derived trigger. The trigger is increasing in uncertainty,
and is higher than the Jorgensonian user cost of capital. We will discuss

2 Profit rates vary widely across size classes, and the mean and median rates
decrease with firm size. Bigsten and others (1997) show that although the coeffi-
cient on profit rates is significant in investment regressions, it is much smaller than
the size of the effect found in results available for other countries.

3 For example, Bertola (1988), Bertola and Caballero (1994), and Dixit and
Pindyck (1994). 
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Table 1. Sample Characteristics
(In percent)

Size
Micro (< 5 employees) 13
Small (6–29 employees) 44
Medium (30–99 employees) 23
Large (≥ 100 employees) 20
Average (number of employees) 67

Age in 1994
≤ 5 years 18
6–10 years 14
11–19 years 33
≥ 20 years 35
Average (age in years) 17

Ownership
Some foreign ownership 19
Wholly Ghanaian-owned 78
Some state ownership 3

Sector
Bakery 9
Food manufacturing 13
Furniture 21
Garment 20
Machines 4
Metal 21
Textile 2
Wood 10

Source: Author’s calculations using Ghana Manufacturing Enterprise Survey data.

Table 2. Investment Variables
Investment/

Proportion value addedInvestment/
of firms if fi rms capital if Investment/ Investment/

Year investing invest firms invest value added capital

1994 0.49 0.212 0.318 0.105 0.141
1995 0.56 0.299 0.375 0.166 0.208
By firm size
Small 
(1–29 employees) 0.41 0.183 0.441 0.082 0.172

Medium 
(30–99 employees) 0.60 0.360 0.373 0.224 0.214

Large 
(≥100 employees) 0.75 0.491 0.162 0.373 0.113

Average, 
all firms 1994–95 0.52 0.314 0.348 0.164 0.171

Average for 
Cameroon, Ghana, 
Kenya, Zimbabwe 
1991–93 0.54 0.211 0.239 0.113 0.128

Sources: Author’s calculations using Ghana Manufacturing Enterprise Survey data; and,
for Cameroon, Ghana, Kenya, and Zimbabwe, 1991–93, from Bigsten and others (1997).



a particular model below. Theory is more ambiguous regarding the third
issue, the effect of irreversibility on the long-run investment-uncertainty
relationship. 

Literature

A firm that cannot reverse its investment decisions faces a higher user
cost of capital than a firm with perfectly reversible investment. This leads
to lower investment for firms with irreversible investment. More uncer-
tainty in the returns to capital increases the user cost for the firm with irre-
versible investment, without affecting the user cost for firms with reversible
investment. Abel and Eberly (1995) consider the opposing “hangover”
effect—a firm that cannot disinvest will have more accumulated capital
from times when demand was low but the irreversibility constraint pre-
vented it from reducing the capital stock. Although the user cost effect
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Table 3. Distribution of Key Variables

I/K(–1) M25 0
M50 0
M75 0.109
Mean 0.171 N = 321 

I/V M25 0
M50 0.004
M75 0.084
Mean 0.164 N = 340

C/K M25 0.126
M50 0.680
M75 3.663
Mean 4.217 N = 333

∆V/K(–1) M25 –0.758
M50 –0.065
M75 0.425
Mean –0.177 N = 302

K/V M25 0.168
M50 0.653
M75 2.418
Mean 3.083 N = 344

Source: Author’s calculations using Ghana Manufacturing Enterprise Survey data.
Notes: Mi is the ith percentile, N is the number of observations. I/K(–1) is investment

to lagged capital, I/V is investment to value-added, C/K is the profit rate, ∆V/K(–1) is the
change in real value added deflated by lagged capital, and K/V is the ratio of capital to
value added.



implies that increased uncertainty tends to lower irreversible investment,
through the hangover effect increased uncertainty tends to increase the
long-run capital stock under irreversibility relative to that under reversibil-
ity. The net effect of uncertainty on the long-run capital stock depends on
the balance of these factors, and cannot be definitively signed. These find-
ings are in contrast to the results of Dixit and Pindyck (1994). Focusing on
a particular functional form, they calculate the expected long-run average
change in the log of the capital stock and conclude that greater uncertainty
leads to a lower long-run average growth of the capital stock.

A further controversy within the irreversible investment literature con-
cerns the role of imperfect competition (Caballero, 1991; Pindyck, 1993;
Abel and Eberly, 1994). Caballero and Abel and Eberly argue that in the limit
of constant returns and an infinitely elastic demand curve, an increase in
uncertainty will increase investment, even when that investment is irre-
versible. On the other hand, Pindyck maintains that these results on compet-
itive investment are overturned when an industry equilibrium is considered.

Although most of the models in the literature make the simplifying
assumption that investment is either completely reversible or completely
irreversible, reality is likely to be somewhere in between. Some recent
papers have begun to model the effective partial irreversibility resulting from
a wedge between the purchase and sales price of capital (Abel and Eberly,
1994; Abel, Dixit, Eberly, and Pindyck, 1996; Abel and Eberly, 1996). This
wedge could arise because of transactions costs, installation costs, or the
firm-specific nature of capital. There is significant variation in a variable
closely related to this wedge for Ghanaian manufacturing firms, and we will
use this variable as a proxy for the degree of irreversibility.

Abel and Eberly (1996) characterize the optimal investment policy for a
firm purchasing capital at a higher price than that at which it can be sold.
The firm should purchase capital when the MRPK reaches an upper user
cost trigger and sell capital when it reaches a lower trigger. The solution can
be completely characterized in terms of the width of the range of inaction.
Abel and Eberly show that if the purchase price exceeds the sale price, the
ratio of the upper to lower trigger is larger than the ratio of the purchase
price to the sale price of capital. In this sense, greater irreversibility widens
the range where zero investment is optimal. 

The theoretical models imply that uncertainty will have different
effects for different types of firms, depending on how sunk their invest-
ment expenditures are, the degree of market power, and aspects of the
firm’s technology. Empirical evidence on the impact of uncertainty on
firm-level investment, however, is quite scant. Working with a panel of
United States manufacturing firms, Leahy and Whited (1996) obtain a
measure of uncertainty from the variance of the firm’s daily stock returns,
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arguing that this variance should reflect higher demand or factor price
volatility. The authors then construct volatility forecasts, since an ex ante
rather than an ex post measure of the volatility of asset returns is required.
The results confirm that the uncertainty of expected asset values is nega-
tively related to firm investment in reduced-form panel regressions. Guiso
and Parigi (1996) examine the significance of a firm-level uncertainty
proxy on investment in a cross section of Italian firms. They find the
uncertainty effect is stronger for firms with more irreversible investment
and those with substantial market power. Another study related to this
paper’s focus is the industry-level examination by Caballero and Pindyck
(1996). That study’s objective is to test whether increased uncertainty
increases the trigger that spurs irreversible investment. The maximal
observed value of the MRPK within an industry is used as a proxy for the
investment trigger, and the standard deviation of the MRPK as a proxy for
uncertainty. The uncertainty proxy is found to be positively correlated
with the trigger in cross-section regressions. The authors point out, how-
ever, that this method is not very conclusive since there is a positive cor-
relation between the extreme values and the standard deviation of a series
regardless of the validity of the model.

Determining the Investment Trigger Point

Since one issue of interest is how irreversibility influences the effect of
uncertainty on investment, the most appropriate model to consider would
include parameterization of the degree of reversibility. However, since the
data set does not include adequate information on sale of capital, it would
not be possible to test the predictions of a partial reversibility model along
the lines of Abel and Eberly (1996). Therefore, to fix ideas, we will con-
sider a model where investment is completely irreversible.

Appendix I presents a model of a firm’s investment decision, drawing on
Bertola (1988). The key features are: (1) investment is irreversible; that is,
gross investment cannot be negative; (2) the production function is Cobb-
Douglas; (3) the firm faces a constant elasticity demand function so that dif-
ferent degrees of market power can be studied; (4) uncertainty arises since
a demand curve shifter, the wage rate,4 and productivity are stochastic. The
objective function of the firm is to maximize the present discounted value
of profits by choosing an optimal investment rule. All variables and para-
meters should have a firm subscript, which is omitted for convenience. The

4 The model can be generalized to include other flexible factors of production in
addition to labor. If this is done, the price of all flexible factors is assumed to be
stochastic.
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problem can be written so that reduced-form operating profits are a func-
tion of K, the installed capital stock, and Z, an index of business conditions.
Z depends positively on the strength of demand and on productivity and
negatively on the wage rate. Like its components, Z is stochastic and has a
trend growth rate with a variance around that trend.

From the problem’s first-order conditions, it is clear that the firm’s
MRPK is also a function of K, the capital stock, and Z, the business condi-
tions indicator. The MRPK is random and fluctuates as the firm experiences
shocks to demand, input costs, and productivity. It can be shown that the
optimal policy for the firm is to allow the MRPK to fluctuate randomly, and
to undertake investment only when the MRPK reaches a certain trigger
level. The condition can be written as

(1)

where ω= f (η,σ2), r is the firm discount rate, δ is the depreciation rate, η is
the trend growth rate of the business conditions indicator, σ2 is the variance
of the business conditions indicator, and P is the purchase price of capital.

The left-hand side is the discounted MRPK. This condition says that the
firm waits to undertake an irreversible investment decision until the
expected present value exceeds the cost of the investment by the multiple
ω. Since the multiple is increasing in the variance of the business conditions
indicator, higher uncertainty increases the investment trigger point.

The parameters of the problem are all implicitly indexed by the firm sub-
script i. Therefore, the investment trigger levels are firm specific, with het-
erogeneity owing to firm-specific technology, costs of capital, growth and
variance of demand, and purchase price of capital.

IV. Econometric Method

Condition (1) above can be written as

Investment >0 if MRPK/P≥ h (1')
= 0 otherwise,5

where h is a function of both the user cost of capital and the uncertainty vari-
ables that determine the option value multiple ω.

MRPK r dK PdK+ −( )[ ] =δ η ω ,

5 The model implies that investment should be positive whenever the MRPK/P is
equal to the hurdle level, not greater than or equal to. The firm’s purchase of capi-
tal should prevent the MRPK/P from exceeding the optimally derived trigger. Since
the data are aggregated over a year, and measurement errors are present, we may
assume that the condition preventing the MRPK from ever rising above the trigger
will not always hold empirically. However, the fact that the probit specification
does not strictly match the model condition is a weakness of the approach.



Recall that the empirical analysis will address three issues: (1) is invest-
ment triggered when the MRPK6 reaches a particular hurdle level? (2)
does uncertainty increase the investment trigger and is this effect larger
for firms with more irreversible investment? and (3) does uncertainty
have a greater negative effect on the investment of firms with more irre-
versible investment?

To address (1), the general idea is to generate predictions for the trigger
h for all firms, and test if condition (1') is significant in predicting the deci-
sion to invest. The trigger is not directly observable. One way to obtain a
first-stage approximation for the trigger is to assume that the theory is cor-
rect, and that firms only invest when the MRPK hits the trigger. Thus, when
a firm invests, a first-stage proxy for the trigger is the measured MRPK.
Using this as a first-stage proxy for the trigger, I explore its determinants,
including the effects of uncertainty variables. Question (2) is addressed dur-
ing this analysis. 

At this stage then, we have no information on the trigger for firms that
are not investing.7 However, since there are data for all firms on the hypoth-
esized determinants of the trigger, the firm-specific values for the determi-
nants of the trigger and the coefficients from the regression on the MRPK
for investing firms (the first stage proxy for the trigger) can be used to cre-
ate a predicted trigger for both investing and noninvesting firms.

Since the coefficients on the determinants of the trigger (proxied by the
MRPK for investing firms) are estimated using observations on only those
firms with positive investment, the selection bias resulting from nonran-
dom sampling must be corrected. Therefore, the method used involves
three steps: a reduced-form probit model of decision to invest or not; a
selection-bias corrected regression for the MRPK, which conditioned on
positive investment is taken as an indication that the MRPK has reached,
and is therefore equal to, the firm’s investment trigger; and a structural
probit equation to test if the condition above is significant in predicting
the decision to invest. This method follows Lee (1978) and Willis and
Rosen (1979). 

Question (2) is explored by examining the signs of the uncertainty
variables in the selection-bias corrected model for the MRPK for invest-
ing firms, and interacting these variables with the reversibility proxy.
Issue (3) is examined by estimating a nonstructural equation for invest-
ment rates for firms with positive investment, using the same sample
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6 Note that although the method discusses the trigger relative to the ratio
MRPK/P, the empirical estimates will use only the firm’s MRPK, since data on cap-
ital goods prices are not available. 

7 All that is known is that, if the theory is correct, the measured MRPK is below
the trigger. 



selection correction as for the trigger equation. The focus is again the
sign of the uncertainty variable for firms with reversible and irreversible
investment.

In more detail, the estimation procedure is as follows. In condition (1'),
h is unobservable. What h should depend on, however, is known from the
model.

(2)

where U = uncertainty variables and C= cost of capital variables. A dummy
variable INVDUM is constructed to equal one if the firm undertakes any
investment, and zero otherwise. Thus,

(3)

This criterion can be written in form of a probit model. The firm invests
if I* > 0, where

(4)

Substituting equation (2) into equation (4) yields a reduced-form probit
model:

(5)

where W= [1,MRPK/P, U, C], π= [(θ0 – θ1γ0), θ1, –θ1γ1, –θ1γ2] and –ε = θ1u1. 
The theoretical model predicts that firms invest only when the MRPK/P

reaches a critical trigger. The second step in the empirical method rests on
the assumption that, for firms that are investing, the observed MRPK/P
when investing can be used as a first-stage approximation to the firm’s
investment trigger. Since the trigger should depend on uncertainty and the
cost of capital, we estimate the following equation, conditional on the firm
investing:

(6)

where U and C are defined above and O includes other variables expected
to be correlated with the MRPK/P such as the capital-output and the capital-
labor ratios. The selection bias induced by sampling only firms with posi-
tive investment is controlled for by the inclusion of λ, the inverse Mills
ratio. λ is defined as φ(Wπ)/Φ(Wπ), where Φ is the cumulative normal den-
sity and φ is its p.d.f.8

MRPK P U C O M= + + + + +α α α α κ λ η0 1 2 3 1,

I MRPK P U C u

W

*

,

= + − + +( )[ ] +

≡ −

θ θ γ γ γ θ

π ε

0 1 0 1 2 1 1

I MRPK P h* .= + −( )θ θ0 1

INVDUM M U C u= ≥ + + +1 0 1 2 1   RPK Pif γ γ γ .

h U C u= + + +γ γ γ0 1 2 1,
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8 We are using Heckman’s two-step estimation method in order to control for
selectivity bias. See Heckman (1979) and Maddala (1983) for further discussion. 



The third step estimates a structural probit equation to test the economic
restrictions of the model. From equation (4) we can write 

(7)

where ε = –α1ε1. Consistent estimates of the trigger, h, are derived from

(8)

Note that these are predicted values of the trigger for all firms, even
though implicit observations on h were only available conditional on posi-
tive investment. The approach uses a probit method to estimate a structural
equation after substituting estimates of the endogenous variables in the
equation. Lee (1979) showed that the resulting estimates of θ are consistent
and derived the correct asymptotic covariance matrix. In this application,
θ1 is expected to be positive and significant, which is a test of whether the
firm waits to invest until the MRPK hits a trigger.

To address question (3), an accelerator-style model supplemented with
uncertainty variables will be estimated. It involves an equation for the
investment level, in which variables are scaled by the firm’s capital stock
to account for differences in firm size. Conditional on the firm investing, we
estimate

(9)

where Y= the change in value added over the capital stock and λ is the same
inverse Mill’s ratio as included in equation (6), which is necessary to
account for the selection of only firms with positive investment.

V. Variable Definitions

Estimated equations for the decision to invest, and the MRPK and the
investment level, conditional on positive investment are presented in Section
VI. Most of these equations control for industrial sector; controls for the type
of ownership were found not to be significant. Firm age and size are included
in all regressions. Age and size have been found to have a significant effect
on firm investment decisions in other studies using pooled manufacturing
data from a number of African countries (Bigsten and others, 1997).

The dependent variable in the investment level equations is investment
in plant and equipment in year t, divided by the value of plant and equip-
ment in year t – 1. The perpetual inventory method is used to create the cap-
ital stock series, using gross investment and a base year value for the
replacement value of plant and equipment. The change in real value added

inv capital U C Y i/ = + + + + +β β β β κ λ η0 1 2 3 2,

ˆ ˆ ˆ .h U C= +α α1 2

Pr Pr ,INVDUM MRPK P h=( ) = + −( )( ) >[ ]1 0 1θ θ εˆ
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relative to the capital stock deflates both value added and capital values by
the CPI. Profits are defined as value added less the wage bill (including
allowances) less promotion and advertising expenditures less interest pay-
ments. The profit rate is profits relative to the capital stock.

Uncertainty Variable

Firm owners9 were asked about their one-year and three-year expecta-
tions of demand for their firm’s products. However, rather than only asking
for point estimates—what percentage demand change they expected—firms
were asked to assign probabilities to a range of potential percentage
changes in demand, so that the probabilities summed to 100 (see Appendix
II).10 For example, a firm owner who was absolutely certain that next year’s
demand would be 10–20 percent higher would place all 100 “points” in this
range, while an owner who believed that there was equal likelihood that
demand would not change, decrease by 0–10 percent, or decrease by 10–20
percent would put weights of 33.3 in each of these intervals. From these dis-
tributions it is possible to calculate an expected mean growth of demand as
well as a subjective variance of expected demand growth. 

Let E0dte and E0σ2
te represent the conditional mean and variance of future

demand t years ahead, which can be calculated from the survey question. The
conditional mean and variance that will be used in the regressions use these
survey expectations to calculate the mean expected future level of demand
and uncertainty by using the base year sales value, S0. Thus the measure of
the subjective expected mean and variance of demand are given by

Table 4 shows the frequency distribution of the coefficient of variation,
E0σt /E0Xt. A large proportion of firms show very low subjective uncer-
tainty, with a coefficient of variation in the range of 0–1 percent. This
reflects the proportion of firms who put nearly all their 100 points in a par-
ticular interval of expected demand changes. Still, since these are ranges, it
does not indicate that the firm believes a particular percentage demand

E X E d S

E E S

t te

t te

0 0 0

0
2

0
2

0
2

1= +( )
=σ σ .
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9 The objective was to interview the individual who made investment and pro-
duction decisions. Firm owners were interviewed in the cases of sole proprietor-
ships, partnerships, and limited liability enterprises, and managing directors for
larger corporations or multinational subsidiaries.

10 The idea for the survey question and the variable comes from Guiso, Jappelli,
and Terlizzese (1992), who use a related measure to test for precautionary savings
by households. More recently, Guiso and Parigi (1996) have also used such a mea-
sure to study investment in a cross section of Italian firms.



change will occur with certainty. For one-year demand expectations, the
next largest fraction of firms had a coefficient of variation in the range of
9–11 percent, followed by 7–9 percent. A relatively high percentage of
firms also had a coefficient of variation in the 23–25 percent range. This
illustrates that a significant proportion of firms seem quite uncertain about
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Table 4. Frequency Distribution of the Coefficient of Variation 
of Future Demand and Expected Demand Growth

Coefficient of Variation

Interval 1-year-ahead 3-year-ahead 
(percent) frequency (percent) frequency (percent)

0–1 18.8 21.1
1–3 1.9 2.6
3–5 1.3 2.6
5–7 5.2 3.9
7–9 14.9 3.9

9–11 17.5 13.2
11–13 9.1 13.2
13–15 8.4 11.8
15–17 3.9 1.3
17–19 3.2 3.9
19–21 0.6 5.3
21–23 1.3 1.3
23–25 10.4 10.5

>25 3.2 5.3

Mean 10.4 11.1

Expected Demand Growth

Frequency Frequency 
(percent) (percent)

Positive (percent)
>30 34.2 45.5

20–30 24.1 15.6
10–20 17.1 14.3
0–10 10.8 6.5

0 7.6 10.4

Negative (percent)
0–10 2.5 3.9

10–20 1.9 1.3
20–30 0.6 1.3

>30 1.3 1.3

Mean 20.7 21.8

Source: Author’s calculations using Ghana Manufacturing Enterprise Survey data.



future demand since they distribute their points across a large number of
different intervals. The three-year expectations indicate that there was more
uncertainty over this longer horizon, but only by a small amount. Both fre-
quency distributions indicate that this measure of uncertainty exhibits sub-
stantial variation across the firms in the sample.

For use in the regressions both the expected mean demand growth and
the subjective variance of expected demand are scaled by the previous
period’s capital stock, to account for size and wealth differences across
firms. This is an attempt to control for differences in risk aversion across
entrepreneurs, by assuming it will be reflected in the sensitivity of invest-
ment to uncertainty. I assume that absolute risk aversion is decreasing in
wealth and account for the dependence by rescaling the uncertainty term by
the capital stock as a proxy for the entrepreneur’s wealth. Although inter-
est centers on the uncertainty variable, it is also important to control for the
expected mean demand growth. The growth rate of demand enters into the
investment trigger condition in the investment under uncertainty model.
Moreover, the estimated effects of the uncertainty variable would be biased
if the expected mean demand growth is not controlled for.

The bottom panel of Table 4 displays one- and three-year expected
demand growth. Most firms are optimistic: the largest proportion expect
demand growth of more than 30 percent.

Irreversibility Proxies

Guiso and Parigi (1996) and Pattillo (forthcoming) classify firms as hav-
ing more easily reversible investment if the firm leased capital goods, bought
used capital goods, or sold capital. One weakness of this proxy is that it can-
not distinguish firms with more irreversible investment from those that to
date have optimally never chosen to lease capital, buy used capital, or sell
capital. In this paper, the irreversibility proxy used is the ratio of the real
sales value of the capital stock to its real replacement value.11 This measure
approximates the discount value of capital goods in the second-hand market.
Types of capital that sell a smaller discount imply that the investment is more
easily reversible. A dummy variable is constructed for use in the regressions.
REV is set equal to one for firms with sales/replacement value of the capital
stock above the sample mean, and zero otherwise.12
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11 However, all models in Section VI were also estimated using the other
reversibility proxy (REV= 1 if firms bought used capital, leased capital, sold capi-
tal, or bought their firms), and the results were similar.

12 The variable was converted to a dummy variable since its distribution contained
some extreme values that could bias the results given that the estimation methods
used do not completely control for heteroscedasticity.



This measure of irreversibility is related to constructs used in the theo-
retical literature. Abel and Eberly (1996) model partial irreversibility as a
wedge between the purchase and sale prices, motivated by Arrow’s (1968)
seminal discussion of irreversible investment. Partial irreversibility may
also be related to the presence of industry-specific capital. When a firm
attempts to sell capital goods because of poor market conditions, it may find
few buyers or low prices offered by other firms in the industry that face the
same market conditions. The average ratio of sales to replacement value of
the capital stock differs across manufacturing sectors in Ghana, but there is
also substantial firm-level variation within a sector.

Marginal Revenue Product of Capital

For the estimation of the trigger equation for investing firms and the
structural probit model of equation (7), we need a measure of the marginal
revenue product of capital: MRPK= KβZ. From Appendix I, equation (A4),
Z can be solved for in terms of profits, K, and β. K is defined as the value
of the firm’s plant and equipment. Since β is a function of the capital share
and the inverse of the markup factor, we need proxies for these values. The
capital share is derived by estimating a Cobb-Douglas production function.
The inverse of the markup factor is calculated following Domowitz,
Hubbard, and Petersen (1987), who compute the firm’s markup on unit
prices. The markup is defined as the price cost margin, equal to the value of
sales, less payroll, less cost of materials divided by the value of sales.

VI. Results

Tobit Model

Before turning to the results from the method outlined above, some pre-
liminary regressions will be discussed. A comparison could examine the
effect of the uncertainty variable in OLS regressions of the investment rate
for firms with positive investment. This would be a misspecification, how-
ever, since it would not allow for the selectivity in including only firms with
positive investment. Preliminary discussion, therefore, will be based on the
estimation of a Tobit investment model, shown in Table 5.

One problem in all the estimated equations is the difficulty of controlling
for the firm’s user cost of capital. Interest rates are not very relevant given
that only approximately one-fourth of the firms obtain bank financing for
their capital expenditures. If estimation were based on a longer panel, firm-
specific costs of capital might be controlled for using a fixed-effects model.
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However, that method cannot be pursued in the current inquiry. The profit
rate is included as a measure of internal liquidity, and its significance is
interpreted as evidence that financing is important for investment decisions.

For the overall sample, the Tobit equation indicates that investment is
positively related to the change in real value added, the profit rate, the
MRPK, and the size of the firm, and negatively related to the age of the firm.
The equations control for industrial sector (not reported). The firm’s
expected mean growth in product demand is positively and significantly
related to the investment rate, consistent with the model in which the firm
faces a downward-sloping demand curve. The variance of expected demand
is not significant, however, for the sample of all firms.
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Table 5. Tobit Investment Functions

Investment/capital(–1) Investment/capital(–1)

(1) (2)

Constant 0.903 –0.122
(4.20) (1.73)

∆ Value added/capital(–1) 0.014 0.008
(2.01) (1.87)

Profit rate(–1) 0.017 0.017
(2.70) (2.76)

Ln (size) 0.001 0.035
(0.06) (1.82)

Firm age –0.001 –0.001
(0.41) (0.37)

Expected mean 0.003 0.003
demand growth (2.12) (4.28)

Variance of –0.002 –0.005
expected demand (β6) (0.34) (2.68)

Variance* 0.005
reversibility (β7) (2.21)

MRPK 0.032 0.099
(2.32) (5.34)

Number of observations 154 139

Ln (likelihood) –97.85 –85.22

χ2 test of restriction: 0.001(1),
β6 + β7 = 0 p=0.96

Source: Authors’ estimates using Ghana Manufacturing Enterprise Survey data.
Notes: Figures in parentheses are the absolute value of the t-statistics. The coefficients

are the marginal effects, evaluated at the mean of all observations.



Column (2) of Table 5 considers the effect of reversibility on this rela-
tionship. When the reversibility indicator is interacted with the variance 
of expected demand, the results indicate that most of the negative effect of
uncertainty comes from irreversibility. The coefficient on the variance 
of expected demand is the slope coefficient for firms with more irre-
versible investment (REV= 0), and the sum of the coefficients on the vari-
ance and the interaction term is the slope coefficient for firms with more
easily reversible investment (REV= 1).13 For firms with more irreversible
investment, the effect of uncertainty is negative and significant, while for
firms with more easily reversible investment, the value of the coefficient
is close to zero, and a χ2 test indicates that it is insignificant. Moreover,
the t-statistic on the interaction term indicates that there is a significant
difference between the slopes for firms with reversible investment and
firms with irreversible investment.

It should be noted, however, that there are potential difficulties inherent
in using a Tobit procedure with survey data. First, if the distribution of the
errors is non-normal, the Tobit estimates will be biased. Second, the pres-
ence of heteroscedasticity can lead to inconsistent estimates of the condi-
tional mean, unlike in the standard regression case.

Although these results are encouraging (subject to the potential problems
noted), the Tobit specification forces regressors to have the same effect on the
probability of investing and on the investment level. Therefore, it cannot be
used to test the prediction that investment is triggered when the MRPK
reaches a particular hurdle level. The restriction that regressors have the same
effect on the probability of an observation being a nonlimit observation and
on the level of that variable is testable. Using a likelihood ratio statistic as in
Greene (1997, p.970), this hypothesis is rejected at the 1 percent level.14 This
suggests that the sample selection model may be more appropriate.

Sample Selection Model

The first set of results does not make allowance for firms with differing
abilities to reverse their investment expenditures. The first two issues can be
explored here: (1) is investment triggered when the MRPK reaches a hurdle
level? and (2) does uncertainty increase the investment trigger? The empiri-
cal method involves three steps: a reduced-form probit model of the decision
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13 Note that reported coefficients are the marginal effects evaluated at the mean
for all observations.

14 The likelihood ratio statistic (LRS) is computed using λ = –2*[Tobit model log
likelihood – (probit model log likelihood+ truncated regression log likelihood)].
The LRS= 86.1, while at the 1 percent level the critical χ2 value is 27.7.



to invest or not; a selection-bias corrected least-squares regression for the
MRPK, which, conditioned on positive investment, is taken as indicating that
the MRPK has reached the firm’s investment trigger; and a structural probit
equation to test whether the firm is more likely to invest as the MRPK gets
closer to the predicted trigger. The analysis will also consider the effect of
uncertainty on the investment level, for firms with positive investment.

Table 6 presents the estimates, all of which control for industrial sector. The
reduced-form probit results show that faster growth rates of value added,
higher profitability, and higher MRPK increase the probability of investing.
Larger firms are more likely to invest and older firms less likely. The expec-
tation of higher mean demand growth is not significant in the decision to
invest. High variance of expected demand, however, does lower the probabil-
ity of investing. The model correctly predicts 68 percent of the observations. 

Next I assume that for firms with positive investment the MRPK has
reached the investment trigger, implying that the MRPK of investing firms
can be used as a first-stage proxy for the trigger. The profit rate is included in
this selection model since, as the average realized return on capital, it is related
to the firm’s cost of capital. Column (2) of Table 6 shows how the expected
mean and variance of demand and the profit rate affect the firm-specific hur-
dle level of the MRPK that triggers investment. In addition, the regression
controls for two other variables correlated with the MRPK—the firm’s out-
put-capital and capital-labor ratios. The output-capital ratio proves highly sig-
nificant and quantitatively important. Many of the other variables are not sig-
nificant. The results do indicate, however, that the variance of expected
demand has a positive and significant effect on the hurdle level of the MRPK
for firms with positive investment. This result is interpreted as support for the
prediction that high levels of uncertainty increase the investment trigger.

To support the interpretation that the MRPK for investing firms can be
viewed as a preliminary proxy for the investment trigger, the MRPK equa-
tion is also estimated using the full sample of investing and noninvesting
firms. This would not represent the investment trigger and there is no clear
prediction on the effect of uncertainty. For firms that are not investing, the
MRPK is not equal to the trigger. The MRPK depends on variables such as
the output-capital ratio and the capital-labor ratio, while the investment trig-
ger depends on uncertainty. As shown in column (3) of Table 6, the uncer-
tainty proxy is insignificant in the overall sample. 

The next step is to estimate the structural probit equation (7) that follows
from the irreversible investment model. A variable representing the invest-
ment trigger for all firms is required. As indicated in equation (8), the coef-
ficients from column (2) of Table 6 and the firm values for the determinants
of the trigger can be used to create a predicted trigger for firms with posi-
tive and zero investment. The structural probit equation tests whether the
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deviation of a firm’s MRPK from the predicted trigger is a significant deter-
minant of the decision to invest. Column (4) of Table 6 confirms that “wait-
ing” for the MRPK to reach or exceed the investment trigger has the most
powerful effect on the decision to invest. The trigger has been constructed
as a function of the firm-level measure of uncertainty. The growth rate of
value added and profitability are also found to have a positive and signifi-
cant impact on the decision to invest. To account for the use of predicted
values as regressors, the standard errors are corrected using the method of
Murphy and Topel (1985).

Finally, column (5) of Table 6 presents the estimates of equation (9), the
investment rate, conditioned on positive investment. The model includes
the same selection-bias correction as used in the trigger equation. Growth
of value added and profitability are positively related to the investment
level. Firm size and age are determinants of the decision to invest, but they
do not influence the investment level, conditional on positive investment.
While higher expected mean demand growth does not affect the probabil-
ity of investing, it does have a positive and significant effect on investment
levels. The variance of expected demand, or the uncertainty proxy, has a
negative and significant effect on the investment level.

Sample Selection Model with Consideration of Irreversibility

Next I examine the following questions: (1) do the results still indicate
that firms invest when the MRPK reaches a hurdle level when different
degrees of reversibility are accounted for? (2) does uncertainty increase the
investment trigger to a greater extent for firms with irreversible investment?
and (3) does uncertainty have a larger negative effect on the investment lev-
els of firms with more irreversible investment? The method followed is the
same as that above.

In Table 7, the reduced-form probit model provides strong evidence that,
for the decision to invest, uncertainty is a greater deterrent for firms with
irreversible investment than for firms with more easily reversible invest-
ment. For firms with more irreversible investment, the effect of uncertainty
is negative and significant, while the coefficient is insignificantly different
from zero for firms with more easily reversible investment. There is a sig-
nificant difference between the coefficients for firms with reversible
investment and firms with irreversible investment. 

Column (2) of Table 7 again examines the effect of the expected mean
and variance of expected demand and the profit rate on the hurdle level of
the MRPK that triggers investment. The impact of reversibility on the rela-
tionship between uncertainty and the investment trigger is not completely



544 CATHERINE PATTILLO

T
ab

le
 6

.I
n

ve
st

m
e

n
t 
U

n
d

e
r 

U
n

ce
rt

a
in

ty
 M

o
d

e
l S
tr

uc
tu

ra
l p

ro
bi

t
In

ve
st

m
en

t/
R

ed
uc

ed
-f

or
m

 p
ro

bi
t

IN
V

D
U

M
=

1
ca

pi
ta

l (–1
)

IN
V

D
U

M
=

1 
if 

an
y

M
R

P
K

=
tr

ig
ge

r
M

R
P

K
 fo

r 
al

l
if 

an
y 

in
ve

st
m

en
t,

se
le

ct
io

n 
in

ve
st

m
en

t, 
0 

ot
he

rw
is

e
se

le
ct

io
n 

m
od

el
fir

m
s

0 
ot

he
rw

is
e

m
od

el
(1

)
(2

)
(3

)
(4

)
(5

)

C
on

st
an

t
1.

18
3

–1
.3

41
–1

.1
11

0.
00

8
1.

81
1

(0
.0

6)
(1

.2
1)

(1
.2

7)
(0

.0
5)

(5
.8

1)

∆ 
V

al
ue

 a
dd

ed
/

ca
pi

ta
l (–1

)
0.

02
8

0.
04

0
0.

02
5

(2
.8

9)
(2

.6
5)

(2
.2

7)

P
ro

fit
 r

at
e (–

1)
0.

02
4

–0
.0

06
–0

.1
41

0.
05

3
0.

04
5

(2
.8

9)
(0

.3
5)

(1
.8

8)
(3

.1
1)

(3
.5

5)

Ln
 (

si
ze

)
0.

06
1

0.
04

5
0.

00
9

(1
.7

2)
(1

.0
4)

(0
.2

3)

F
irm

 a
ge

–0
.0

07
–0

.0
02

–0
.0

01
(1

.7
8)

(0
.4

9)
(0

.2
8)

M
R

P
K

0.
05

0
(2

.5
2)



INVESTMENT, UNCERTAINTY, AND IRREVERSIBILITY IN GHANA 545

E
xp

ec
te

d 
m

ea
n

0.
00

1
–0

.0
03

3.
0e

-0
4

0.
00

8
de

m
an

d 
gr

ow
th

(1
.0

4)
(0

.8
7)

(0
.6

3)
(3

.0
2)

V
ar

ia
nc

e 
of

–0
.0

02
0.

00
7

–0
.0

01
–0

.0
02

ex
pe

ct
ed

 d
em

an
d

(2
.5

4)
(2

.0
9)

(0
.9

1)
(1

.9
4)

O
ut

pu
t/c

ap
ita

l
0.

17
6

0.
42

6
(7

.9
6)

(3
.0

4)

C
ap

ita
l/e

m
pl

oy
m

en
t

2.
4e

-0
4

3.
7e

-0
4

(0
.0

9)
(0

.3
7)

La
m

bd
a

0.
00

3
(0

.0
3)

M
R

P
K

– 
ĥ
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Table 7. Investment Under Uncertainty Model with Irreversibility

Reduced-form probit MRPK = Structural probit Investment/
INVDUM = 1 trigger INVDUM = 1 capital(–1)

if any investment, selection if any investment, selection 
0 otherwise model 0 otherwise model

(1) (2) (3) (4)

Constant 1.061 –1.222 0.099 1.520
(0.06) (0.54) (0.59) (4.63)

∆ Value added/ 0.036 0.028 0.352
capital(–1) (2.58) (1.69) (2.61)

Profit rate(–1) 0.030 0.022 0.024 0.024
(2.71) (1.34) (1.6) (1.64)

Ln (size) 0.075 0.047 0.015
(1.95) (1.09) (0.37)

Firm age –0.004 3.7e-04 0.002
(0.85) (0.07) (0.47)

MRPK 0.067
(2.39)

Expected mean 0.009 –0.001 0.004
demand growth (1.08) (2.50) (3.08)

Variance of expected
demand (β7) –0.005 0.002 –0.002

(2.51) (6.2) (1.96)
Variance*
Reversibility (β8) 0.004 0.003 0.001

(1.67) (0.80) (2.07)
Output/capital 0.098

(2.91)
Capital/employment 1.6e-04

(0.74)
Lambda 0.002 0.008

(0.03) (0.06)
MRPK– ĥ 0.154

(3.15)
Number of 
observations 197 96 149 83

Ln (likelihood) –119.57 –85.78
% correctly predicted 64 65
Adjusted R2 0.51 0.38
F-test (degrees of freedom) 12.02 (14, 81) 6.05 (15, 67)
χ2 test of restriction: 1.68, 0.63, 6.65,
β7 + β8 = 0 p = 0.002 p = 0.43 p = 0.01

Source: Authors’ estimates using Ghana Manufacturing Enterprise Survey data.
Notes: The figures in  parentheses are the absolute value of the t-statistics, except for

the F-test, where they are the degrees of freedom. The standard errors in column (3) have
been corrected following Murphy and Topel (1985).



clear-cut. Higher uncertainty increases the investment trigger for firms with
both irreversible and reversible investment, but the difference in the coef-
ficients is not statistically significant. However, I cannot reject that the coef-
ficient on uncertainty for firms with more reversible investment is insignif-
icantly different from zero. It seems that uncertainty increases the MRPK
that triggers investment, but there is only weak evidence that this effect is
stronger for firms with more irreversible investment.

The form of the structural probit model in column (3) of Table 7 is the
same as the one in Table 6. The predicted trigger (ĥ) is different, however,
since the degree of reversibility was controlled for in both the reduced-form
probit and the equation for the MRPK of investing firms. Is there still sup-
port for the prediction that investment is triggered when the MRPK reaches
a firm-specific hurdle level? Accounting for the degree of reversibility when
predicting the trigger strengthens the results—the size of the coefficient on
the deviation between the MRPK and the trigger is much larger and has
increased in significance. 

Turning to the final issue, recall that the theoretical models did not yield
clear-cut results on how reversibility influenced the investment-uncertainty
relationship. Selection-bias corrected estimates of the investment rate are
shown in column (4) of Table 7. The estimates indicate that for this sample
of Ghanaian manufacturing firms, uncertainty has a greater negative effect
on investment rates for firms with more irreversible investment. While the
coefficient for firms with more easily reversible investment is still negative,
it is much smaller, and there is a significant difference in the coefficients
for firms with irreversible and reversible investment.

Several variants of the above specification were estimated to assess the
robustness of the results. First, a variable representing total firm debt was
added to the probit equations for the decision to invest and the investment-
level regressions. Highly leveraged firms may face higher borrowing
costs, which would affect their cost of capital and investment decisions.
The results were qualitatively the same and debt was significant in the
investment level, but not the probability of investment equations. Second,
two different variants of the uncertainty measure were calculated. In one,
the conditional variance from the survey questions was combined with
base year value added, rather than sales, to calculate the expected vari-
ance of demand. In the other, the variance of expected demand was scaled
by output, rather than the capital stock. In both cases the results were
broadly similar. Third, identification by excluding age and size from the
investment rate equation, rather than the MRPK, was tried and also did
not significantly affect the results. Finally, an alternative reversibility
proxy was used, in which REV= 1 if the firm either bought used capital,
leased capital, or sold capital during 1991–95. Table 8 illustrates that the
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Table 8. Investment Under Uncertainty Model with Irreversibility Using
Alternative Reversibility Proxy

Reduced-form probit MRPK = Structural probit Investment/
INVDUM = 1 trigger INVDUM = 1 capital(–1)

if any investment, selection if any investment, selection 
0 otherwise model 0 otherwise model

(1) (2) (3) (4)

Constant 1.170 –0.726 –0.027 1.727
(0.06) (0.69) (0.18) (5.08)

∆ Value added/ 0.031 0.028 0.263
capital(–1) (2.80) (2.11) (1.76)

Profit rate(–1) 0.024 0.003 0.032 0.031
(2.65) (0.18) (2.34) (2.4)

Ln (size) 0.060 0.067 0.022
(1.71) (1.62) (0.48)

Firm age –0.003 –0.002 –0.002
(0.47) (0.47) (0.40)

MRPK 0.048
(2.39)

Expected mean 0.009 –0.001 0.002
demand growth (1.048) (0.15) (1.48)

Variance of expected –0.002 0.008 –0.002
demand (β7) (2.65) (2.43) (2.49)

Variance* 0.001 –0.008 0.001
Reversibility (β8) (1.2) (1.32) (2.06)

Output/capital 0.18
(8.18)

Capital/employment –0.001
(0.19)

Lambda 0.002 0.073
(0.31) (0.45)

MRPK– ĥ 0.121
(3.17)

Number of observations 226 116 153 94
Ln (likelihood) –140.37 –95.33
% correctly 67 61
predicted

Adjusted R2 0.54 0.25
F-test (degrees of freedom) 16.2 (14, 101) 4.48 (15, 78)
χ2 test of restriction: 1.56(1), 0.31(1), 6.49 (1), 
β7 + β8 = 0 p = 0.21 p = 0.99 p = 0.01

Source: Authors’ estimates using Ghana Manufacturing Enterprise Survey data.
Notes: The table uses REV = 1 if firms either bought used capital, leased capital, or

sold capital. The figures in parentheses are the absolute values of the t-statistics, except
for the F-test, where they are the degrees of freedom. The standard errors in column (3)
have been corrected following Murphy and Topel (1985).
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only significant change in the results is in the reduced-form probit model
of the decision to invest. There is no longer a significant difference
between the effect of uncertainty for firms with reversible investment and
firms with irreversible investment.

Although the results are generally supportive of the hypotheses, there is
scope for improvement in the analysis. First, an alternative to the probit
method could be found to satisfy the model prediction that capital is pur-
chased to prevent the MRPK from rising above the optimally derived trig-
ger. Second, when a longer panel becomes available, it will be important to
control for firm-specific effects such as the entrepreneur’s risk aversion,
managerial ability, or firm costs of capital. Finally, although it has been
argued that the selection model is appropriate, the selection bias terms were
not significant. The reduced-form model should be extended to further
explore the selection mechanism.

VII. Conclusion 

Firm-level panel data are extremely useful for exploring the effect of
uncertainty on investment. Theoretical models show that firms that can-
not easily reverse investment decisions wait to invest until the MRPK
reaches a specific hurdle level. The hurdle level is an increasing function
of uncertainty. Although one would expect uncertainty to increase the
trigger to a greater extent for firms with more irreversible investment,
there are no theoretical predictions on this issue. There is also some con-
troversy in the theoretical literature on the impact of uncertainty and irre-
versibility on average investment levels. Firm-level data can be used to
test these issues. In addition, the Ghanaian manufacturing firm data set
included information on the entrepreneur’s subjective probability distri-
bution over future demand for the firm’s products. From these data it was
possible to construct a direct measure of the firm owners’ perceptions of
uncertainty, conditional on his/her information. This facilitated estimat-
ing the impact of the variance of expected demand, while also control-
ling for the expected mean demand growth.

The empirical results provide support for the prediction that firms wait
to invest until the MRPK reaches a firm-specific hurdle level. Moreover,
greater uncertainty leads to an increase in a first-stage proxy for the
investment trigger, although there is only weak evidence that this effect
is stronger for firms with more irreversible investment. The results
indicate that uncertainty has a negative effect on investment levels and
that the effect is significantly greater for firms with more irreversible
investment.



APPENDIX I

The Model

The production function is Cobb-Douglas:

(A1)

The firm faces a constant elasticity demand function:

(A2)

where Bt is the product price, Qt is output, and µ is the inverse of the markup fac-
tor, which indexes the firm’s monopoly power. Monopoly power increases as µ
goes to zero; µ equals 1 for a perfectly competitive firm. Dt influences position of
demand curve; if µ equals 1, then Dt equals Bt, which is the market price that the
firm takes as given. L is labor, a perfectly flexible production factor that can be
rented at the rate wt. At is a technological progress indicator.

Define the operating profits function:

(A3)

subject to equations (A1) and (A2). Operating profits can be written in reduced
form as

(A4)

where

The business condition parameter Zt can be written as

(A5)

Zt depends positively on the strength of demand and on productivity, and negatively
on the cost of factors other than capital. Zt is stochastic, with a constant mean
growth rate η and variance σ2.

The firm’s dynamic investment problem is

(A6)

It can be shown that the solution is that the firm invests when

(A7)

where γ/(γ−1)= f (η, σ2).
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APPENDIX II

Subjective Probability Distribution Question from Ghana Survey

Entrepreneurs were asked the following question in the survey. Note that the sur-
vey was administered orally so that the survey field staff were able to provide clar-
ification on the question: 

This question tries to ascertain by how much you expect the demand for your
products to change, in terms of volume of products. This is done with the help
of the table below. The table specifies various ranges by which output may
change. This is shown in the first column, for example, an increase in output
of 20–30 percent, a decrease in output by more than 30 percent, etc.

Now we need you to estimate the likelihood of each expected change in output
occurring on a scale of 0–100. 100 means that there is a 100 percent chance that
the specified growth rate will occur, 10 means that there is a 10 percent chance
that the specified growth rate will occur, 0 means that there is a 0 percent chance
that the specified growth rate will occur, etc., for each of the categories.
Remember there are nine categories and your total points should add up to 100.

Section V describes the method used for calculating the expected mean demand
growth and the variance of expected demand. We assume that the central value of
the open intervals “more than 30 percent” is 40 percent. Assuming alternative cen-
tral values does not significantly change the results in Section VI. 
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2
1 by what % do you expect 

by what % do you expect average demand for your 
demand for your product to grow
product to grow in the next 3 years?

next year? (in % terms) (in % terms)
INCREASE: more than 30%

(a great deal higher)
20 to 30%
(a lot higher)
10 to 20%
(moderately higher)
0 to 10%
(a little higher)

NO CHANGE
DECREASE: 0 to 10%

(a little lower)
10 to 20%
(moderately lower)
20 to 30%
(a lot lower)
more than 30%
(a great deal lower)

TOTAL POINTS
(Should add to 100) 100 100



552 CATHERINE PATTILLO

REFERENCES

Abel, Andrew B., and Janice Eberly, 1994, “A Unified Model of Investment Under
Uncertainty,” American Economic Review, Vol. 84 (December), pp. 1369–84.

———, 1995, “The Effects of Irreversibility and Uncertainty on Capital
Accumulation,” NBER Working Paper No. 5363 (Cambridge, Massachusetts:
National Bureau of Economic Research).

———, 1996, “Optimal Investment with Costly Reversibility,” Review of
Economic Studies, Vol. 63 (October), pp. 581–93.

Abel, Andrew B., Avinash Dixit, Janice Eberly, and Robert Pindyck, 1996,
“Options, The Value of Capital, and Investment,” Quarterly Journal of
Economics, Vol. 111 (August), pp. 753–77.

Arrow, Kenneth J., 1968, “Optimal Capital Policy with Irreversible Investment,” in
Value, Capital and Growth: Papers in Honour of Sir John Hicks, ed. by J.N.
Wolfe (Chicago: Aldine), pp. 1–19.

Aryeetey, Ernest, 1994, “Private Investment Under Uncertainty in Ghana,” World
Development, Vol. 22 (August), pp. 1211–21.

Bertola, Giuseppe, 1988, “Adjustment Costs and Dynamic Factor Demands:
Investment and Employment Under Uncertainty” (Ph.D. dissertation;
Cambridge, Massachusetts: Massachusetts Institute of Technology).

———, and Ricardo Caballero, 1994, “Irreversibility and Aggregate Investment,”
Review of Economic Studies, Vol. 61 (April), pp. 223–46.

Bigsten, Arne, Francis Teal, Anders Isaksson, Mans Soderbom, Bernard Gauthier,
Michel Sylvain, Jan Gunning, Remco Oosetendorp, Abena Oduro, Albert
Zeufack, Paul Collier, Stefan Dercon, and Cathy Pattillo, 1997, “Investment in
Africa’s Manufacturing Sector in Cameroon, Ghana, Kenya, and Zimbabwe:
An International Comparative Panel Data Analysis,” Centre for the Study of
African Economies Working Paper 97/11 (Cambridge: Oxford University). 

Caballero, Ricardo, 1991, “On the Sign of the Investment–Uncertainty
Relationship,” American Economic Review, Vol. 81 (March), pp. 279–88.

———, and Robert Pindyck, 1996, “Uncertainty, Investment and Industry
Evolution,” International Economic Review, Vol. 34 (August), pp. 641–62.

Centre for the Study of African Economies, University of Oxford, and the
Department of Economics, University of Ghana, 1995, “The Regional
Program on Enterprise Development: The Ghanaian Manufacturing Sector
1991–1993, Findings of Waves 1 to 3, Final Report (Oxford: University of
Oxford). 

Dixit, Avinash K., and Robert S. Pindyck, 1994, Investment Under Uncertainty
(Princeton, New Jersey: Princeton University Press).

Domowitz, Ian, R. Glenn Hubbard, and Bruce C. Peterson, 1987, “Oligopoly
Supergames: Some Empirical Evidence on Prices and Margins,” Journal of
Industrial Economics, Vol. 4 (June), pp. 379–98.

Ferderer, J. Peter, 1993, “The Impact of Uncertainty on Aggregate Investment
Spending: An Empirical Analysis,” Journal of Money, Credit and Banking,
Vol. 25 (February), pp. 30–48.



INVESTMENT, UNCERTAINTY, AND IRREVERSIBILITY IN GHANA 553

Ghosal, Vivek, and Prakash Loungani, 1996, “Product Market Competition and the
Impact of Price Uncertainty on Investment: Some Evidence from U.S.
Manufacturing Industries,” Journal of Industrial Economics, Vol. 44 (June),
pp. 217–28. 

Greene, William H., 1997, Econometric Analysis (Upper Saddle River, New Jersey:
Prentice-Hall).

Guiso, Luigi, Tullio Jappelli, and Daniele Terlizzese, 1992, “Earnings Uncertainty
and Precautionary Saving,” Journal of Monetary Economics, Vol. 30
(November), pp. 307–37. 

Guiso, Luigi, and Giuseppe Parigi, 1996, “Investment and Demand Uncertainty:
Evidence from a Cross-Section of Italian Firms” (unpublished; Rome: Bank of
Italy).

Hadjimichael, Michael, Michael Nowak, Robert Sharer, and Amor Tahari, 1996,
Adjustment for Growth: The African Experience, IMF Occasional Paper No.
143 (Washington: International Monetary Fund).

Heckman, James, 1979, “Sample Selection Bias as a Specification Error,”
Econometrica, Vol. 47 (January), pp.153–61. 

Huizinga, John, 1993, “Inflation Uncertainty, Relative Price Uncertainty and
Investment in U.S. Manufacturing,” Journal of Money, Credit and Banking,
Vol. 25 (August), pp. 521–49.

Leahy, John, and Toni Whited, 1996, “The Effect of Uncertainty on Investment:
Some Stylized Facts,” Journal of Money, Credit and Banking, Vol. 28
(February), pp. 64–83.

Lee, Lung-Fei, 1978, “Unionism and Wage Rates: A Simultaneous Equations
Model with Qualitative and Limited Dependent Variables,” International
Economic Review, Vol. 19 (June), pp. 415–33.

———, 1979, “Identification and Estimation in Binary Choice Models with
Limited (Censored) Dependent Variables,” Econometrica, Vol. 47 (July),
pp.977–96.

Maddala, G.S., 1983, Limited-Dependent and Qualitative Variables in Econometrics
(New York: Cambridge University Press).

Murphy, Kevin, and Robert Topel, 1985, “Estimation and Inference in Two-Step
Econometric Models,” Journal of Business and Economic Statistics, Vol. 3
(October), pp. 370–79.

Pattillo, Catherine, forthcoming, “Risk, Financial Constraints and Equipment
Investment in Ghana: A Firm-Level Analysis,” in Investment and Risk in
Africa, ed. by Paul Collier and Catherine Pattillo (London: Macmillan Press).

Pindyck, Robert S., 1988, “Irreversible Investment, Capacity Choice and the Value
of the Firm,” American Economic Review, Vol. 78 (December), pp. 969–85.

———, 1993, “A Note on Competitive Investment Under Uncertainty,” American
Economic Review, Vol. 83 (March), pp. 273–77.

Willis, Robert J., and Sherwin Rosen, 1979, “Education and Self-Selection,”
Journal of Political Economy, Vol. 87 (October, Part 2), pp. S7–S36.


