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1. Introduction and Summary

The endogenous growth literature points out that growth is associated with the
formation of new activities. A recent contribution by Romer (1994) showed that tariff
inhibits the formation of new activities, leading to large welfare losses, which unlike the
Harberger's triangle are of a first-order magnitude. While Romer's framework assumes
full information, it leads to the question of how uncertainty would affect the formation
of new activities. This issue is of special relevance for developing countries, where
frequently the modern manufacturing sector is minuscule (if it exists at all), and the
formation of new activities in manufacturing exposes entrepreneurs to unknown
conditions. The purpose of this paper is to investigate the welfare cost of uncertainty
in a Romer type model, where the number of activities is endogenously determined.

Projected returns from investment in new manufacturing products in developing
countries are hard to evaluate. If the uncertainty cannot be summarized by a known
distribution, the investor is exposed to Knightian uncertainty (as opposed to risk, where
there is a unique distribution that summarizes the stochastic environment). The present
paper points out that Knightian uncertainty acts as an implicit tax on new activities,
whose incidence is (in a certain sense) worse than that of a tariff in Romer's framework.
As with commercial policy, Knightian uncertainty inhibits the formation of new
activities. Unlike the tariff, however, Knightian uncertainty does not benefit the
government with revenue. Consequently, we show that the welfare cost of uncertainty
applies also for a closed economy.

To illustrate the factors involved, suppose that a multinational considers foreign
direct investment in a developing country. The only information available is that the
projected return is bounded between L and H, L < H. If the multinational operates as a
risk-neutral Bayesian agent, it would probably assign a uniform distribution to the
returns, and will refer to (H+L)/2 as the expected return. For example, if the probability

space includes only two events, low and high return, each event will be assigned
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probability 1/2, independently of the degree of vagueness of the information available.
As was articulated by Ellsberg (1961), however, agents frequently behave in ways that
differ from the Bayesian prescription described above, preferring (other things being
equal) bets whose information is more transparent.! The transparency of the
information is of obvious importance for a developing country at the verge of
industrialization, as the potential multinational would not have any past information
enabling it to summarize the uncertainty in the form of a unique prior distribution.

Recent literature has dealt with formalizing decision making under Knightian
uncertainty. This literature has applied variants of the non additive subjective
probability framework. An axiomatic modeling of rational decision making under
Knightian uncertainty can be found in Schmeidler (1989) and Gilboa (1987), reviewed
and applied by Dow and Werlang (1992). The Gilboa-Schmeidler approach enables one
to distinguish between risk aversion and Knightian uncertainty aversion. They show
that uncertainty aversion leads agents to make choices in which they do not end up
bearing uncertainty. Such a model may provide an explanation for the reluctance to
embark on new activities and to invest directly in countries characterized by large
uncertainty.

In the context of the above example, the symmetry of the two events (L and H
payoff) induces one to assign equal probabilities (say p) to each event. Yet, unlike the
additive probabilities case, the sum of the probabilities is not restricted to one.
According to Schmeidler's specification, ¢ = 1 - 2p is capturing the "vagueness" of the

information set. If ¢ approaches zero, the information is precise -- there is full

1 In the above example, this will be the case if the multinational prefers to invest in a
project that offers returns L and H with known probabilities 1/2, upon the project described
above. Alternatively, the multinational may refrain from investing in a developing country where

the uncertainty is large, in favor of a country whose uncertainty is perceived as smaller.
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confidence regarding the probabilities assigned. A larger ¢ indicates less confidence
regarding the assigned probabilities.

The present paper integrates the insight of the recent Knightian uncertainty
literature with Romer's contribution. It serves to provide a new interpretation for the
recent findings that stability of economic conditions is conducive to growth,
emphasizing that stability may be as important as the level of policies. The paper shows
that Knightian uncertainty induces uncertainty-averse entrepreneurs to discount by
using a "hurdle rate" that exceeds the risk-free interest rate.2 The gap between the two
depends positively on the uncertainty embodied in the investment, being determined by
the vagueness of the information and by the range of possible outcomes. Hence,
greater uncertainty increases the discount factor, reducing thereby the number of new
activities.

The spirit of this result resembles the findings of irreversible investment literature
-- the option to wait induces a decision rule where investors will require a return that
exceeds the risk-free rate in order to compensate for the option to wait that is lost with
the execution of a project.3 Yet the implications of the two approaches differ. With
irreversible investment one is exposed to risk due to the stochastic behavior of a
random variable whose realizations are revealed each period. The investor opts to wait
until a favorable enough realization of the random shock will induce the investment. In
our case, the hurdle rate relates to uncertainty regarding conditions that will be revealed
only after the commitment of funds, where in the absence of investment the information

remains vague. Hence, the hurdle rate in the presence of Knightian uncertainty implies

2 For empirical evidence on the use of high hurdle rates by managers see Summers (1987).
3 An insightful summary of this literature is provided by Dixit and Pindyck (1994). Earlier
contributions dealing with irreversibilities include Cukierman (1980), Bernanke (1983),

McDonald and Siegel (1986), and Caballero (1991).
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that uncertainty averse agents frequently refrain from investing in new activities. The
difference between the two is relevant in assessing the average investment. As the
recent literature has illustrated, irreversible investment has ambiguous consequences
on long-run average investment.# Hence, irreversibility alone does not suffice to
explain the growth effects of risk and uncertainty. Knightian uncertainty, however,
implies that agents confronting uncertainty in developing countries may refrain from
investment in modern manufacturing and non traditional activities, thereby reducing
growth.’

The present paper supplements recent development literature that has focused
on the possibility that countries may be "trapped” in a low-growth equilibrium. This
literature stressed the importance of a critical level of demand to support growth, due to
the presence of threshold externalities and increasing returns [see Azariadis and Drazen
(1990) and Murphy, Shleifer and Vishny (1989)]. The present paper suggests that in
addition to the lack of demand, growth may be inhibited by business uncertainty, where
the "rules of the game" for new activities are vague. This may be of special relevance

for developing countries, which lack past experience with modern manufacturing.

4 See Pindyck and Solimano (1993) for a discussion dealing with the implications of
irreversibilities on average investment. While the impact of irreversibilities on average investment
is ambiguous in a general model, irreversibilities tend to reduce the average investment if the
developing country faces a credit ceiling due to sovereign risk [for further discussion on
irreversible investment and development see Rodrik (1991) and Aizenman and Marion (1993)].

5 Constructed measures of volatility account negatively for growth rates in Barro (1991)
type of growth and investment regressions. See Aizenman and Marion (1993) for the negative
effect of fiscal, monetary, and inflation volatility measures, and Hausmann (1994) for the

negative contribution of terms of trade volatility.
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Hence, a stable business environment with transparent rules may be as important as
eliminating burdensome distortions.

Section 2 extends Romer's model of multinationals that invest in the formation of
new capital goods to a world where returns are uncertain. Section 3 focuses on a
closed-economy version of the model, illustrating that the welfare cost of uncertainty is
applicable for closed economies as well as for open ones. The Appendix describes the
steps leading to the above results as a description of utility maximization in the

presence of Knightian uncertainty.

Romer (1994) considered the case where the final good (Z) is produced using the

services of labor (L) and N capital goods

1 z= [L]l_“i[xi]a ;0<a<l
i=1

where x; denotes capital good i (alternatively, intermediate input i) used in the

production of the final good.6

6 Equation (1) follows the Dixit and Stiglitz (1977) and Ethier (1982) specification of a

constant elasticity of substitution aggregator. A more general version of it is

alp
Z= [L]1~a{2 [x]° } , where the elasticity of substitution among the various capital goods is
i=1

1/(1-p). Equation (1) is obtained by setting p = . For other applications of this specification in
models with endogenous number of activities see Grossman and Helpman (1991) and Rivera-Batiz

and Romer (1991).
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Adding capital good n requires a sunk cost specific to that good.” For simplicity,
we assume that the dependence of the sunk cost on n is linear. Suppose, for example,
that the cost of installing a capital good n is On, where 8 is a country-specific random
shock that describes the overall business climate and the cost of establishing a capacity
in that country. The foreign producer commits its foreign direct investment prior to the
realization of 0. Once the capacity is established, the foreign producer imports the
capital good at a cost of ®, representing the marginal cost of production overseas. In
the absence of uncertainty the foreign producer evaluates projects by applying a risk-
free interest rate, denoted by r .

Standard cost maximization for domestic producers implies that their demand for

capital good 1 is

i [« 1/(1-a)
N -

Assuming a large number of capital goods, N, each foreign producer faces a demand

whose elasticity is 1/(1 - o). Hence, a representative foreign producer follows a markup
rule, charging

3 b= P

for its input. Adding capital good n will lead to profits of

7£,(0) = (p, — 0)x; =[0]% kL —On(1+r)
@

where o=all-a) and k= L‘&E‘ﬁ(ay 11-a)

7 This cost may reflect the cost of infrastructure needed to use the new capital good.
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Profits are random, as there is uncertainty concerning the value of 6.8 For
simplicity of exposition we normalize 0 to be either low (6 = 1-8) or high (8 = 1+8), § 2 0,
but assume that the precise probability of each state is unknown.

A multinational firm investing in the developing country is exposed to Knightian
uncertainty. A useful decision rule in these circumstances is to maximize a utility index
that provides a proper weight for the exposure to uncertainty. A possible procedure is
to construct two statistics. The first is the 'worst scenario’ wealth, denoted by I1. The
second is the "expected wealth" if one attaches a uniform prior to the distribution of the
profits, denoted by E,,(IT). The shortcoming of £,,(I1) is that it does not put any
weight to the uncertainty regarding the yields in manufacturing. To correct this
shortcoming, one can use a decision rule that maximizes a weighted average of the

above two statistics:

®)) U=cll+(1-c)E,[I] ; 0<c <1

Equation (5) was advocated by Ellsberg (1961) as an ad hoc decision rule.

A more detailed discussion describing the derivation of (5) in the context of
Schmeidler (1989) non-additive probabilities framework is provided in the Appendix. It
1s illustrated that the weight ¢ reflects the degree of "uncertainty aversion" embodied in
the decision to invest. The case where ¢ approaches zero corresponds to the case of a
risk neutral Bayesian agent, attributing a uniform prior to the two events. A larger ¢
indicates greater uncertainty aversion embodied in the non additive probabilities,
reflecting the ambiguity of the information. Suppose that a multinational firm producing

capital good n considers investing in the developing country. Let its profits in the

8 Equation (4) assumes that the uncertainty applies only to the sunk cost. Similar results

hold if the future revenue is uncertain (see the next footnote for further discussion of this issue).
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absence of the new investment be Ily. The investment will be undertaken if it increases

utility U:

©)
[Tlo + (@)™ kL= 1+ E)n(1+ )]+ (1 - ) g + (@) KL= n(1+ )] > eTlg + (1 - )T

Hence, foreign direct investment by entrepreneur n is warranted only if

[@] % kL > n(1+F)
where F=(1+r)1+cd)-1=r+cé

()

Note that a risk neutral Bayesian decision maker will invest if
(8) [w] ¥ kL>n(+r)

Hence, Knightian uncertainty aversion induces behavior where the multinational
discounts by a "hurdle rate" that exceeds the risk-free rate. The effective discount
factor is adjusted upwards by a factor proportional to a measure of uncertainty aversion
(c¢) times a measure of the worst scenario loss (8). Alternatively, to induce entry the
expected manufacturing yield should exceed the risk-free yield by a premium
proportional to the aversion to uncertainty times a measure of the dispersion of the
random cost variable. Condition (7) predicts that an increase in the range of possible
yields in manufacturing will make investment in manufacturing less likely: the LHS of (7)
is not modified, while the RHS goes up. In these circumstances, higher volatility will
reduce foreign direct investment. If the uncertainty is large, foreign investment will not

take place. ?

9 A similar result applies if future revenue is uncertain. For example, suppose that gross

profits are given by 7(@) = B[w]_a' kL —n(1+r) instead of (4), as is the case if the sunk cost
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If all multinationals share the same uncertainty aversion index c, the number of

capital goods (N) is determined by

[0]* kL

O N=T7

In the absence of uncertainty, the number of capital goods is

P ) a2
I+r

@)
The GDP is given by the sum of labor income. Applying (1) and (3) the GDP (y) equals

2 24
(10) y=(1—a)NL[9‘—] .
0]

In the absence of uncertainty the GDP equals

2 (04
(1) 5 =(1—a)ﬁL[a—]
0]

from which we infer that uncertainty reduces the GDP by

(12) l—l:%—1s—c6,

~

Uncertainty reduces the number of new activities. Labor captures part of the rents
associated with capital deepening, hence the drop in investment impacts wages directly.
The drop in welfare is proportional to the uncertainty embodied in the investment, being
determined by the vagueness of the information (measured by ¢) and by the range of

possible outcomes (measured by d).

associated with capital good n is known, but the revenue is uncertain. Keeping all the other

assumptions, it can be verified that the condition determining entry is (7), where the "hurdle rate”
r+cé

1-¢é

is modified to r =
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3. n inty i 1

Section 2 focused on the case in which capital goods were imported by
multinationals. The damaging effect of uncertainty, however, does not depend on the
existence of international trade and foreign direct investment, and the logic of our
discussion carries over to a closed economy as well. To confirm this point, we extend
Romer's model to a closed economy, where we should take into account the income of
both labor and entrepreneurs, and we should specify more carefully the production of
capital goods. Unlike section 2, suppose that there are two labor types, skilled and
unskilled. We denote by (L, ; L, ) and (@ ;®,) the supply and the real wage of skilled
and unskilled labor, respectively.

As in section 2, the introduction of a capital good n requires sunk cost 8n, where
0 is uncertain. Once the sunk cost needed for capital good n is invested, its production

will take place using the services of skilled labor
(13)  xp=0Lsp

where L , stands for the employment of skilled labor in activity n. The input-output
coefficient ¢ is common to all capital goods. Consequently, the marginal cost of

producing capital goods 1s @ = % Skilled and unskilled labor are perfect substitutes in

the production of the final good

1-o N o
(1) Z= [Ls,z + Lu] Z[Xi]

i=1

Hence, skilled labor is more versatile, having the capacity to produce both the final and

the capital goods.
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The uncertainty regarding @ is specified in the same manner as in section 1. Two
equilibria are possible: first, if skilled labor is scarce relative to unskilled labor, skilled
workers are paid a higher wage than unskilled workers [ w; > @, ], and all the skilled
workers are employed in the production of capital goods.!0 In the second equilibrium
the unskilled labor is scarce, implying that the wages of skilled and unskilled workers
are equalized [ w; = @, ], and some skilled workers are employed in the production of
final goods.!! For the sake of brevity we cover now only the first case, but the key
results hold for the second case as well.

Our specification implies that from the point of view of entrepreneurs investing in
capital goods, the problem is identical to the one in section 2, up to replacing [L ;o ]
with [ L,; ws/ ¢ ] respectively. Following the steps described in section 2 we obtain that
equations (2) - (9)' continue to hold. The GDP accounts, however, should be modified
to reflect the fact that all production is domestic. The GDP equals

(14)  y=o,L, + &L + Njo]* kL, —0.5N(N + 1)8(1+r)

The first two terms of (14) are the income of the unskilled and skilled labor, respectively.
The third term is the entrepreneurs' revenue, and the last term is the combined sunk cost
of the N capital goods produced. The equilibrium wages and production are determined

by the following system

7 2
10 It can be shown that this equilibrium applies if %us— < Ia_a'
11 Note that @, cannot drop below @,, because a skilled worker can always be employed as

an unskilled one.
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|| 1+7
-2 e
b. = L
o Far] M
— x.
(15) ¢ L=N

d. w, = (l—a)[l_,u]_aN[x,-]a

where x; stands for a representative capital good, and r=(1+r)(1+cd)-1=r+cé.

Equation (15a) determines the number of capital goods, and is obtained following the
steps leading to (9). Equation (15b) is the demand for capital goods, and is obtained
following the steps leading to (2)-(3).12 Equation (15¢) is the market clearing condition
for skilled labor, which equates the supply with the derived demand for skilled labor
used in the production of capital goods. Equation (15d) is the market clearing
condition for unskilled labor, which equates the unskilled wage with the value of its
marginal product.

In the absence of uncertainty the GDP is given by

(16) 5 =@,L, +@,Ly + N[@] * kL, ~0.5N(N +1)(1+7r)

where X denotes the value of x in the absence of uncertainty (x any variable). The
equilibrium in the absence of uncertainty is characterized by system (15), for the case

where§ =0 (and thus 7=r).

12 Conditions (15a-b) may be obtained directly from (9) and (2)-(3) by noting that the

marginal cost of producing the capital good is %‘Y—



-13-

System (15) determines the values of [w,; @g; N; x;] as a function of the "hurdle

interest rate, 7. Applying (15) we get

dloglw,] _ dloglos] _ 1-a  dlog[N] _ 1
dlog[l+7] dlog[l+7] 1+a ’‘dlog[l+7] 1+a

(17)

Hence, uncertainty reduces labor income in the same manner as in section 1 -- it
increases the hurdle interest rate, reducing thereby the investment in capital goods.
Recalling that labor captures part of the rents associated with capital deepening, the
drop in investment impacts wages directly. Applying (15) we infer that uncertainty
reduces labor income by!3

ay, [on -«

(18) Du_1=% _1=-

— cd.
ay, ag 1+

We turn now to evaluate the impact of uncertainty on entrepreneurs' utility. Applying

(5) we getl4
- 0 =Ty + M| kL, —05N(N+1)(1+1) =
My +0.5(N - [®] * kL,
13 Equation (18) is a first order approximation around the non-stochastic equilibrium for the

case where uncertainty is small.

14 The second line in (19) is obtained by applying the condition determining the number of

R,
. |@
capital goods, (9), yielding that N = [—]H—kl“ Similarly, the second line in (20) is obtained by
r

applying (9").
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where I is the entrepreneurs income if they do not enter into the production of capital

goods. Uncertainty affects the utility in two ways: first, it reduces the number of
varieties. Second, it reduces utility further due to the exposure to random shocks. The

new utility is

20) U =Ty + N[o] kL, ~0.5N(N + 1)1+ r)(1+c) =
My +0.5(N - D[w] kL,
Thus, the uncertainty reduces the utility of risk averse entrepreneurs at a rate

determined by the uncertainty aversion!3

21 ==
@D 0.5kL(N-1[a] *  N-1

U-0 N—-l[

As in section 2, uncertainty reduces the number of new activities, and the drop in

welfare is proportional to the perceived volatility and the uncertainty aversion.

15 Equation (21) is a first order approximation around the non-stochastic equilibrium for the

case where the number of capital goods is large, and the uncertainty is small.
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Appendix

The purpose of this Appendix is to describe non technically the steps leading to
equation (5) as a description of the maximization in the presence of Knightian
uncertainty. An axiomatic treatment of these issues is provided in Schmidler (1989),
Gilboa (1987), and the references there. The framework advanced in these papers allow
for nonadditive probabilities, which together with the utility function allow a
representation of behavior of agents operating under Knightian uncertainty. In the
absence of Knightian uncertainty, the predictions of the new approach are equivalent to
the standard utility theory under risk, where probabilities are additive. In this way, the
nonadditive framework extends the standard utility theory to situations where the
uncertainty regarding the "objective" universe cannot be summarized with a unique
prior. We turn now to a brief overview of the properties of nonadditive probabilities,
describing the derivation of (5).

Let Q be the set of states of nature, and let X be the corresponding sets of
events. A function P from events to the segment [0,1] is called a nonadditive
probability if it satisfies the normalization that P(J) = 0, P(2) =1, and monotonicity:

A D B implies P(A) =2 P(B). The nonadditive probability is revealing uncertainty
aversion if for all events A and B in £ , P(AUB)+P(ANB) 2 P(A) + P(B). Note that an
additive probability is a special case of a nonadditive probability, where strict equality
applies instead of the weak inequality. The uncertainty aversion of P at event A is

defined by

(A1) ¢(P,A)=1-P (A) - P(A®).

Heuristically, ¢ measures the decision maker's confidence in the probability assessment.

Additivity implies that ¢ = 0, corresponding to the case where either the decision maker
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does not care about uncertainty, or there is full confidence regarding the knowledge of
the distribution.
Calculating expected utility with nonadditive probabilities is defined as an

extension of the additive case. Let u be a real valued function, u: Q — R. The expected
0

value of u is defined by: E(u) = I[P(u 2 x)—1dx+ IP(u 2 x)dx , whenever these integrals

—o0 0
exists. With these definitions one can extend the standard utility theory to the case of
nonadditive probabilities.
In terms of our paper, suppose that entrepreneurs are risk neutral, and hence u =

I, when I stands for income. Suppose that there are only two events, L and H, each

assigned probability p, and a corresponding income of 7;,I, (I; <1I;). Note that

1 Jor I, >1
(A2) P(X2D)=4 p forl,>I1>1,.
0 forl>1,

Thus,

(A3) E)=1I+p(ly-1j)

Alternatively:

_ _ Dty
(A4) Ew)=cl)+(1-c¢) 2

forc=1-2p

Note that ¢ is the risk-aversion index defined above [see (A(1)], 7, is the "worst

: . . L+1, .
scenario" wealth, denoted by I1 in equation (5), and %’— is the "expected wealth" if

one attaches a uniform prior to the distribution of the profits, denoted by Ey(IT).

Hence, (A4) is equivalent to (5).
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