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1. Intr tion an mmar

Understanding how uncertainty affects investment and growth is a topic
~ of obvious importance. On balance, uncertainty has been down played as an
explanatory factor by the neoclassical investment and growth models. Instead,
the focus of analysis has been on the first moment (the mean) and not the
second moment (the volatility) of policies and shocks. This attitude stems
from several observations - first, the direction of the impact of uncertainty on
investment is ambiguous. Second, the magnitude of this effect is of a second
order importance - proportional to the variance of shocks. In neoclassical
models concavity/convexity arguments determine ultimately the impact of
uncertainty on investment. As Abel (1983) showed, in a competitive
environment volatility increases investment at a rate proportional to the
variance of shocks, whereas Caballero (1991) showed that market power and
decreasing returns to scale weaken (and may even reverse) the impact of
volatility on investment. Allowing for non-reversibility of investment does not
resolve the ambiguity of the predicted effects of volatility on investment, as
has been illustrated by Pindyck and Solimano (1993) and Dixit and Pindyck
(1994).

Recent empirical studies have repudiated the above presumption, showing
that volatility of policies and of shocks have large adverse effects [proportional
to the coefficient of variation of shocks] on growth and investment in
developing countries. An attempt to evaluate the impact of uncertainty on
investment and growth is confronting a measurement challenge - there are no
obvious statistics that define the relevant uncertainty. In order to deal with
this issue the literature took indirect approaches. One line of investigation,
invoked by Ramey and Ramey (1995), is to correlate the volatility in the real

GDP and the average rate of growth. They found a strong negative correlation. A



- 2.

second approach is to evaluate the degree to which volatility "accounts" for
investment and growth after controlling for other relevant variables. Such an
approach was adopted by Aizenman and Marion (1993) and Hausmann and Gavin
(1995). First, they fitted auto regressive processes to various macro variables
(typically defined as shares), and used the standard deviation of the
regressions’ residuals to measure volatility. Next, they evaluated the degree to
which these measures are significant in "explaining" investment and growth
after controlling for other variables. @ The found a negative and significant
relationship between various volatility measures and private investment. A
third approach has constructed indices measuring political instability --
focusing on their role in accounting for growth and investment after controlling
for other relevant variables, and identifying adverse growth effects of political
instability [see Alesina et. al. (1992)].

Table 1 summarizes the volatility and the characteristics of two
countries the experience of which diverged substantially-- Argentina and Korea.
It reveals that on all accounts, Argentina's volatility exceeds Korea's by a large
factor. In the same period (1970-1992), Korea went through a rapid
industrialization process, increasing the GDP share of industry by 16%, whereas
Argentina went thorough a significant deindustrialization process, reducing the
GDP share of industry by 13%. Throughout that period Korea's GDP increased at
a rate of 9.6%, whereas Argentina's GDP increased at a rate of 2.1%.

The present paper argues that the above observations are causally related.
Obviously, correlations are not indicating causality, and one should go beyond
the above finding to make a convincing case. A necessary condition for the
causal argument to be credible is to have a structural model that explains this
causality. The purpose of this paper is to contribute to this end. Our

presumption is that industrialization must involve exposure to new activities.
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We design a framework where volatility leads to first-order losses due to the
induced drop in the formation of new activities.

Specifically, we show in a generalized expected utility framework that
uncertainty inhibits the formation of new activities, leading to large costs that
are proportional to the standard deviation of the underlying shocks. We
illustrate this point by extending Romer (1994) model to the case where agents
confront uncertainty. Our agents are disappointment averse - he/she dislikes
downside risk, as was modeled by Gul (1991). The key assumption is that the
agent uses the certainty equivalent consumption as a benchmark in evaluating
his/her disappointment. If the realized consumption falls below this benchmark
the agent is disappointed. This leads to a disutility proportional to the
disappointment aversion times the disappointment (measured by the gap
between the certainty equivalent and the realized consumption). This
adjustment is one-sided - it applies only in states of nature when the consumer
is disappointed.

Before turning to the paper, it is useful to place the discussion in its
proper context. The expected utility maximization model outlined in Savage
(1954) has been proven to be a very useful model, yet it has confronted
difficulties in explaining various "anomalies" and modes of behavior that do not
correspond well with Savage's predictions. For example, the excess volatility
of stock prices reported by Shiller and the equity risk premium puzzle
identified by Mehra and Prescott raised questions regardin'g the appropriateness
of Savage's approach. The empirical evidence inspired by the Allais paradox [see
Harless and Camerer (1994) for a review] suggests that there are interesting
situations where the presence of “certainty bias" impacts decision making in
ways that are not modeled well in Savage's environment. These concerns have

lead to the development of generalized expected utility approaches, relaxing



Savege's axioms. Gul's disappointment aversion is an example of one possible
extension.! While debate regarding these developments continues, the new
approaches offer an alternative research agenda that deserves further empirical
and theoretical advances. Our paper focuses on these issues in the context of
investment in new activities in developing countries.

We consider an example where the policy uncertainty is due to a volatile
tax on capital income. Section 2 considers the case where multinationals own
that capital. In Section 3 we identify the factors explaining political
uncertainty. In our model taxing capital income in a time consistent manner
cannot be supported by efficiency considerations, even if the capital is owned
by foreigners. This follows from the observation that domestic labor gets a
significant enough share of the surplus attributed to capital in order to nullify
the gains associated with taxing capital. Hence, the explanation of a capital tax
is the administrations' attempt to capture the short term "quasi rents."  Such
an administration ignores the long term costs associated with reducing foreign
investment in favor of immediate revenue gains, as is the case when the
administration represents a narrow pressure group. Section 3 also identifies
the second best optimal investment subsidy invoked by a welfare maximizing
administration that faces political risk. This result may provide an
interpretation for the tax concessions offered to multinationals in recent years

by developing countries, two decades after the wide spread nationalization of

1 See Epstein (1992) for a useful review of new approaches to modeling
risk, and Harless and Camerer (1994) for a study of the predictive power of
generalized expected utility approaches. The problem solved in this paper can
be addressed using alternative models of generalized expected utility,

highlighting different aspects of volatility.
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foreign capital.2 Section 4 does the analysis for the case of a closed economy,
showing that the results apply to both a closed and an open economy. Section 5

concludes with a discussion.

2. An n Economy Model

In this section we review the preferences, the technology, and the
equilibrium in an open economy.
2.1 Preferences

The preferences of a disappointment averse agent may be summarized by
[u(c), B], where c is consumption, u is a conventional utility function, [u' > 0, u" <
0], and B = 0 is a number that measures the degree of disappointment aversion.
We define implicitly the disappointment adverse expected utility by describing
its key features. In the absence of risk, the agent's utility level is simply u(c).
Let us denote by V(B) the expected utility of a disappointment averse agent
(whose disappointment aversion rate is B) . Suppose that our agent faces risky
consumption {cs} in n states of nature, s = 1, ...n . Let p denote the certain
consumption that yields the same utility level as the risky consumption: V(B ,
{cs}) = u(u).3 Our consumer is revealing disappointment aversion if he/she

attaches extra disutility to circumstances where the realized consumption is

2 Incidence of nationalization of fo'reign investment peaked around 1975,
and almost vanished in the early eighties [see Kobrin (1984)]. According to
Williams (1985), during 1956 to 1972, governments in developing countries
nationalized about 19 percent of foreign capital, at a compensation that
averaged 41 percent of book value.

3 l.e., the consumer is indifferent between the prospect of a safe

consumption p and a risky consumption cg in n states of nature (s = 1, ...n).
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below p . The disappointment averse expected utility equals the conventional
expected utility, adjusted downwards by a measure of disappointment aversion

(B) times the "expected disappointment." A convenient way to define Vis

(1)
V(Biics)) = [u(c)f(e)de— B [lu(w) - u(e)) f(c)de = Elu(c)] - BETu(p) — u(c) | it > cIPr[ > ]

U>c

where f is the density function, E is the expectation operator, and Pr [z] is the
probability of event z, and Efu(u)—u(c) u > c] is the expected value of u(u)—u(c),
conditional on the realized consumption being below the certainty equivalent
consumption. The term Elu(u)—u(c)l u>c] measures the average "disappointment,”
being defined by the expected difference between the certainty equivalent
utility and the actual utility u in states of nature where the realized
consumption is below the certainty equivalent consumption.

Gul (1991) establishes the equivalence of strict disappointment aversion
(i.e., B > 0) and of Allais Paradox type behavior -- the tendency to overweight
outcomes that are considered certain relative to outcomes that are merely
probable (the "certainty effect"). The term "Paradox" stems from the
observation that such preferences are not consistent with expected utility
maximization, yet their presence has been established in numerous controlled

experiments [see Harless and Camerer (1994)].4 The "certainty effect' may be

4 For example, consider two lottery pairs. In the first lottery pair the agent
faces the choice a safe income [say $ 24,000 with probability 1], versus a
lottery that attaches a small probability of a large loss relative to the safe
income [say income of ($27,500, $24,000, $ 0) with probabilities (.33, .66, .01),

respectively]. In the second lottery pair the agent must choose between lottery



of special interest in explaining investment in new activities in a developing
country, as such investment may expose the country to new risk relative to the
more certain outcome in the status quo equilibrium. Hence, it is natural to
apply Gul's approach in studying the formation of new activities. Yet, it is
useful to note that the results derived in this paper are applicable to other
generalized expected utility approaches sharing the property of “first-order”
risk aversion [as defined by Segal and Spivak (1990)].

We restrict our attention to the simplest example -- of two states of
nature. Suppose that the agent consumes c; in state i (i = 1, 2), where c¢q > c2,
with probabilities (a, 1- o), respectively. Applying (1), the disappointment

averse expected utility is defined by:

(2) V(B = omlc))+ (11— @ul(cy) - BA- )| V(B) - u(cy))],
Thus,

LU=a)+p)

) vip= s

(c1) (c3)

(04
_—U
1+(1-)f

Note that for B = 0, V is identical to the conventional expected utility. A more

revealing way of writing the disappointment averse expected utility is

| offering [($27,500, $0) with probabilities (.33, .67), respectively] versus
lottery Il offering [($24,000, $0) with probabilities (.34, .66), respectively].
Typically, agents prefer the safe income in the first pair of lotteries, and the
first lottery in the second pair. It is easy to confirm that the two choices are
inconsistent with expected utility: the first implies .33u(27,500) + 0.01u(0) <
.34 u(24,000), the second implies the opposite inequality.



=Db ey +li-a o B

(3) VviB=I “Trd—of (1_ 0P

Ju(cy).

If the agent is disappointment averse (B > 0), he attaches extra weight to
"bad" states of disappointment (relative to the probability weight used in the

conventional utility), and attaches a lighter weight to "good" states. Note that

for B > 0, the weight attached to the good outcome (_IT(—lga_)ﬁ) is convex with

respect to probability (o). Hence, a small increase in the probability of the good
state increases utility much more when the chance of getting the prize is
already high, as is suggested by the "certainty effect" discussed above.

Suppose that the disappointment averse agent described above faces
income [Y+¢,Y-¢]. We define the risk premium ¢ by:
0.5 0.5(1+ B)

ul¥ +&)+

(4)  w¥-0)=1 1058 14058

u(Y —¢)

Applying the conventional Taylor approximation leads to the following risk

premium:

058 5 +05Ka, .

¢ _
(%) 3= 1+0.58

where R, o, are the coefficient of relative risk aversion and the coefficient of

variation of income, respectively: R=—YE—'-,cry=§ . Note that the risk
u

premium increases with the degree of disappointment aversion times the
coefficient of variation. Furthermore, for "reasonable" volatility the risk
premium is determined mostly by the disappointment aversion, whereas the
relative risk aversion R is playing only a secondary role [as the impact of R is

proportional to the variance, while the impact of B is proportional to the
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standard deviation]. Hence, the addition of disappointment aversion may modify
substantially all the results that hinge on calculations involving risk premium.
Equation (5) is an example of a "first order" risk premium [i.e., a risk premium

proportional to the standard deviation].®

2.2 Technology
We adopt the technology assumptions of Romer (1994). He considered the

case of a developing country where the final good (Z) is produced using the

services of labor (L) and N capital goods --

(6) z=[L]1—“§[xi]“ 0<o<l .
i=1

The termx; denotes capital good i (alternatively, intermediate input i) used in
the production of the final good.6 Suppose first that all the capital goods are
produced by multinationals located in industrial countries. Introducing a new

capital good in the developing country [i.e., increasing N to N+1 in (1)] requires

5 Note that the conventional risk premium is second order - it is
proportional to the variance. See Segal and Spivak (1990) for a definition of a
first order risk premium in a general context.

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

specification of a constant elasticity of substitution aggregator. A more

N aly
general version of it is Z=[L]l‘“{2[x,-]7} , where the elasticity of
i=1

substitution among the various capital goods is 1/(1-y). Equation (1) is
obtained by setting vy = «a. For other applications of this specification in models
with an endogenous number of activities see Grossman and Helpman (1991) and

Rivera-Batiz and Romer (1991).
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an upfront capacity investment by the multinational. =~ While the upfront cost
may differ across the multinationals, the marginal cost of all the capital goods
equals . In section 4 we consider the case of a closed economy where all the
capital goods are produced domestically, by the developing country.

Adding capital good n requires a sunk cost specific to that good.?
Suppose, for example, that the cost of installing a capital good nis 6r°, p>0.
The value of p is the investment cost elasticity with respect to the number of
activities. There are two periods, denoted by t = 0, 1. The foreign producer
commits his foreign direct investment at period 0. Establishing the capacity in
period 0, the foreign producer imports in period 1 the capital good at a cost of
®. Production of the final good Z takes place in period 1 by domestic producers
who purchase capital good i at price p; (1 <i<N).

The profits are subject to a tax 8, the magnitude of which is determined
by the realization of the political process at time 1 [the nature of this process
will be discussed in Section 3]. For simplicity of exposition we normalize § to

be either low or high --
dg + € probability 0.5
&y — € probability 0.5

where §; is the expected tax rate, and ¢ is the standard deviation of the tax

rate.

7 This may reflect the cost of infrastructure needed to use the new capital

good.
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2.3 The ilibrium
Standard cost minimization for domestic producers implies that their

demand for capital good i is

¢ [a 1/(1-a)
(7) (x,-) =|— L

p;
Hence, each foreign producer faces a demand the elasticity of which is 1/(1 -
, . , @
o). A representative foreign producer follows a markup rule, charging pi=&—

for its input.

Foreign direct investment by entrepreneur n will lead to a gross profits of

(1= 8)(p, - W)x, =[1- 8 w] * kL
(8)

where o' =ol(l-a) and k= l;aa_(a)ﬂ(l—a)

Hence, the first period profits per capital good can be expressed as

(8') (1-6)rx where n(L,co):[w]“’"kL ; @>O,a—”<0.
dL w

Applying (6), (7) and (8) the labor real income (y;) is given by®8

1
(9) y,=—7tN .
o

8 Equation (6) implies that in a competitive economy labor's income is
(1-)Z=(1-a)[L]"*N[x,]* where index r stands for the representative capital

5 P/(1-)
good. Applying (7) we infer that x,=|:%] L. Applying this result to labors

income, collecting terms and using (8), we infer (9).
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Hence, a new capital good generates a total surplus of (1+l)n' . A fraction I_J}Zx_
o

of this surplus is captured by labor. The remaining surplus [a fraction & of

the total] is divided between the fiscal revenue (a fraction §) and the
multinational's profits (a fraction 1-3).

Entrepreneurs maximize a disappointment-averse generalized expected

. V(B:{ci, ) . . .
utility -- u(c0)+—1+———, where cy; ¢, ; are the consumption at period 0 and 1 (in

state of nature s), and ¢ is the subjective rate of time preferences. The

expected utility of the entrepreneur supplying capital good n is

(10)
u{ZO—an}+ll

1+¢

0.58
1+0.58

0.58
+0.58

[0.5[1 + u{l1- 89— el +Z;} +0.5[1 - 1 u{[1- 8¢ + elx + Z; }}

whereZ, is the entrepreneur's "outside" income in period t from all the other
activities (t = 0, 1). The multinational faces a risk free investment opportunity
in the form of a bond vyielding a risk free interest rate r. To simplify, suppose
that the only source of uncertainty is the random profit tax. The investment is

warranted if (10) exceeds u{ZO}+%Z‘¢}, or alternatively if

0.5
(11) (1+¢)1+0.58)

> u{Zo} - u{Zo - 6n°}

[w{l1- 80 + elm + Z,} + 1+ Bru{l1 - 8 - el + 2, }] - 1i¢"{zl}
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Assuming thatZ, is large relative to the investment project, we use a first

order approximation of (11) around the outside income, inferring that the

investment will be warranted if:9

14 (Z) :
(12) {11-8 - &} 00> {on u (20)
0.58

where é=¢
1+0.58

is the first order risk premium (see (5)).

Alternatively10

o — 81" S P
(13) [1-6p £]1+r>0n

If all multinationals have the same disappointment aversion, the number of

capital goods (N) is

(14) Nz{n—«so-ém}”"
|l a+neé

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

(15) N:{Il—%ln}”"
“la+ne

where x denotes the value of x in the absence of uncertainty (x any variable).

[1- 60]71'

Henceforth we assume that 5 >>1 (implying that N >>1).

9 We approximate the RHS of (11) around Z,, and the left hand side of (11)
around Z,.

10 Note that the existence of a risk free bond yielding r implies that

(1+r)%zg=u'(zo). Equation (13) is obtained by applying this condition to (12).
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Applying (9), (14) and (15) we infer that uncertainty reduces labor income

by

(16) Y =l

31 N 1-6g p

Uncertainty reduces the number of new activities. Labor captures part of
the rents associated with capital deepening, hence the drop in investment
impacts labor income directly. The drop in welfare is proportional to the first
order risk premium identified in (5), measuring the uncertainty embodied in the
investment. It is determined by the standard deviation of the tax rate, times a

measure of the disappointment aversion. The drop in labor income is also
proportional to

" Hence, a given volatility will induce a greater drop in
—0g

labor income in a more distorted economy [i.e., where the average tax rate is
higher].

For a disappointment averse agent, volatile tax rates reduce investment
considerably. The magnitude of the resultant drop is comparable to the drop in

investment induced by raising the expected tax rate. Formally, if y, denotes

labor income in the zero tax regime, the drop in labor income induced by taxes

relative to the zero tax economy (y,,), is proportional to the expected tax rate

and the first order risk premium -

(17) I = %0+E
Y10 P

Table 2 summarizes a simulation of the GDP/GDP ratio as a function of
volatility, for varying degrees of disappointment aversion for a consumer whose
coefficient of relative risk aversion is 1.5 [recall that GDP is the GDP in the

absence of uncertainty]. As the above analysis predicts, volatility has large,
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first order effects for disappointment averse agents, but only second order
effects if agents are risk averse in the conventional sense.!?

The income associated with the tax on capital (T) is [see (8')]:

(18) T=6nN

The GNP (y) is the sum of labor income (y) and the income attributed to the tax

imposed on multinationals. Applying (9) and (18) we infer that

(19)  y=Nr[L+8]
a

The resultant equilibrium is summarized in Figure 1. The upward sloping bold
curve is the infrastructure cost of capital good n (measured in terms of period
1). In the absence of taxes the number of activities is determined by the rent
dissipation for marginal activity -- at the intersection of the infrastructure
cost curve and the first period profit curve [r], leading to Np capital goods. In
the absence of uncertainty, an anticipated tax rate of §, reduces the number of
goods to N. Tax rate uncertainty further reduces the number of activities to N.
The expected tax revenue is given by the dotted area [E]. The multinationals'
expected first period profits are given by area A+B. Area B is the risk premium
needed to compensate the multinationals. The rent net of the risk premium is
area A. The effect of volatility is to reduce labor income by the dashed areas
[C+D]. The net welfare cost of volatile taxes (from the point of view of the
developing country) is C + D - E. The welfare cost of tax uncertainty has two

components -- area C, and the tax revenue lost due to the decline in the number

11 For example, for the case where the expected tax rate is 0.4 and the
standard deviation of the tax is 0.2, tax uncertainty reduces the GDP by 0.2%

with disappointment neutrality (B = 0), and by 11% for g = 1.
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of multinationals [area defined by the tax (xd,) times the drop in the number of

activities (N-N), not drawn in Figure 1].

3. Time inconsistency, uncertain nd investment licies

The purpose of this section is to identify the possible source of
uncertainty and the role of policies. First, let us derive the time consistent
optimal tax on foreign capital.  Suppose first that the policy maker cannot
discriminate among the various multinationals. The optimal tax rate (dented by
3*) is obtained by finding the tax rate & that maximizes the expected GNP (19),

when N is given by (14), subject to £=0, leading to

_1
pa

20 o*=
(20) o
Recall that p is the elasticity of investment cost with respect to the number of
activities. The case where the supply of potential capital goods is elastic
corresponds to p<1 , whereas a high p indicates inelastic supply of capital

goods. The optimal policy is an investment subsidy as long as the supply of
. . . . 1 .
capital goods is elastic [more precisely, as long as p<;]. Otherwise, the

optimal policy is a tax. The rationale is that changing the tax rate has two
conflicting effects. First, a higher tax rate crowds out capital goods, leading to
a drop in the surplus captured by labor and the tax revenue, reducing welfare.
The second effect is favorable -- for a given number of capital goods the higher

tax increases the tax revenue obtained from the multinationals. For elastic
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supply of capital goods the first adverse effect dominates, whereas when the
supply is highly inelastic the second favorable effect dominates.12

Henceforth we will focus on the case where the supply of potential capital
goods is elastic, as is apparently the case for developing countries operating
with scarcity of capital. In these circumstances, the optimal time consistent
policy is a subsidy to the FDI. A necessary condition for adopting the time
consistent approach is that the policy maker internalizes the future
consequences of the present policy. This would not be the case, however, in the
presence of political uncertainty which tends to shorten the horizon.  For
example, consider a policy maker representing narrow interest groups, who
anticipates that with a positive probability he will lose power in the near
future. In these circumstances he does not have any incentive to adopt the time
consistent approach. Instead, he would prefer to tax heavily the existing
capital, engaging in "revenue seeking".13 While our model was framed as a two
period example, it can be extended to a dynamic model that allows one to focus

on the time inconsistency issue.14

12 If the elasticity of the supply of capital goods approaches zero [i.e., if
p— =], the first effect is absent, and the optimal policy is a 100% profit tax.
While this configuration is extreme, it repreéents the ex-post situation from
the point of view of a policy maker who ignores future costs.

13  See Olson (1965), Krueger (1974), Bhagwati (1988) and De Soto (1989)
for further discussion on the political economy of pressure groups.

14 For example, consider an overlapping generation version of our model,
where capital depreciates fully after one period, and the penalty for imposing
an unanticipated capital tax is that multinationals would refrain from

investment for several periods. In such a model, a high tax regime corresponds
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We can use our model to address the following problem. Suppose that at
time zero a ‘"benevolent" administration has the capacity to subsidize
investment, recognizing that it faces political uncertainty. With a given
probability (0.5 in our example) it will be reelected for period 1 [and thus it
will set the capital tax at rate zero]. With probability half the administration
will be replaced by a high tax administration, representing the narrow interests
of a "revenue seeking" group. The high tax administration will set the tax at
rate 2¢ (hence, in our example 6, =0.5[0+2¢]=¢). We would like to identify the
“optimal" investment subsidy for the benevolent administration which
maximizes the expected welfare in period zero, for the exogenously given tax
uncertainty. The administration is putting a zero value on the tax revenue
raised by the "revenue seeking" administration.  Suppose that the
administration can design a subsidy scheme that discriminates among the
various multinationals, granting S; to help cover the infrastructure cost of
activity i. The problem facing the administration is finding the subsidy

schedule {Sj}for activity i, so that

N
(21) MQXI:Nné—ZSi(1+r)}

i=1
The first term is labor income, and the second term is the cost of the subsidy
scheme (in terms of period 1). The optimal subsidy scheme can be inferred

graphically form Figure 2.

to an administration whose main goal is to maximize the present tax revenue,
ignoring future costs in the form of lower investment. Similarly, a low tax
regime corresponds to an administration that puts greater emphasis on long-
term income and on the welfare of the economy, and not on short term tax

revenue.



- 19 -

The upper sloping bold curve depicts the multinational's losses attributed
to capital good n, evaluated in terms of the first period net present value. The
developing country's benefit from capital good n is the horizontal line n/a. The
equilibrium number of capital goods in the absence of active policies is
determined by rent dissipation. Free entry induces zero net rent for the
marginal producer, leading to N capital goods. To induce more activities, the

developing country must subsidize the loss of the infra marginal multinational.
For example, to induce activity n; the developing country must provide a subsidy

of (at least)S;(1+r), leading to a net gain of E—Sj(1+r) to the developing
o

country. The optimal number of activities is N*, where the cost of inducing the
marginal activity equals the benefit. This would require subsidizing the

infrastructure of the marginal multinational by S*, where

p_n[l—éo—é]= n 1

22) S*=0(N* ,
(22) (N9) 1+r l+ra

from which we infer that the subsidy rate [as a fraction of the infrastructure

cost of the marginal capital good] is

S* 1

(23) O(N*)P B 1+ afl -6y — €]

Note that in the example plotted in the Figure 2, even if the future tax rate is

zero [i.e., &y =£=0], the subsidy is positive.15 In these circumstances the

15 This follows from the assumption that the supply of capital goods is
elastic, as will be the case if the elasticity of the infrastructure cost p is

relatively small. For a large enough p we will find that the bold curve

[depicting O(N)P(1+r)—n[1-5y - €]] exceeds labor surplus [z/a] for N+1, implying
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subsidy equals the labor share of the total surplus generated by the
multinational [I—:—a], reflecting the presence of 'spillovers,’ where the

multinationals are capturing only a fraction of the surplus attributed to the
marginal capital good. Policy uncertainty raises the subsidy at a rate that
increases with the expected tax rate and the first order risk premium.

The above example considered the case where the developing country has
the capacity to discriminate among the various multinationals. Similar
analysis can be used to characterize the policy for the case where a uniform
policy is adopted. Obviously, the inability to discriminate among the various

multinationals will increase the cost of the subsidy scheme.

4, Uncertainty and domestic production of capital goods

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 or on 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 take into
account the income of both labor and entrepreneurs, and we specify the
domestic production of capital goods. The model described in this section can
be applied also for the case where the domestic production of the capital good

is supervised by the multinational, which is the owner of the "blueprint". This

that the optimal subsidy is zero. Formally, the condition for a subsidy is

} [——+1—60—é] ~[1-8,-€]'"?| . Note that this condition holds for

1<
[9(1+r) o

p=1, and does not hold for p — e .
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situation may be viewed as an intermediate case between the previous section,
and the case of a close economy. This section illustrates that all the key
results of the previous section continue to apply in the case where the capital
good is domestically produced.

As in Section 2, we assume that the various capital goods differ only in
the sunk-cost. Once the sunk cost needed for capital good n is invested in
period 0, its production will take place in period 1 using the services of

domestic labor
(24) xn=Ln

where L, stands for the employment of domestic labor in activity n.

Consequently, the marginal cost of producing capital goods (@ ) is the real

wage, denoted by ;. Hence, w=w;, . The production of the final good is given by

N

1y z=[L] Y [x]

i=1

where L, stands for the domestic labor employed in the production of the final

good. Labor is mobile between the production of capital goods and the final
good.

The uncertainty regardingd is specified in the same manner as in section
2. 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 [Ls; @, ], respectively. Following the steps described in

section 2 we obtain that equations (7) - (9) and (14) continue to hold (up to
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replacing [L ;w] with [Ls;w; 1). The GNP accounts, however, should be modified

to reflect the fact that all production is domestic. Period 1 income equals

(25) y=wL+(1-&N[a] " kL +Nay [ kL; = oL + Noy %KLy

The first terms of (25) is the labor income. The second term is the
entrepreneurs' revenue, and the last term is the income generated by the profit
tax.

The equilibrium wage and production for a given number of activities N are

determined by the following system

5 l/-a)
a. x,-=[‘c’;—] Ly ;1<i<N
l

(26) b. l_4=le+Lf

C. ) = (1 —a)[Lf]_aN[x,-]a
wherex; stands for a representative capital good. Equation (26a) is the demand

for capital good i, and is obtained following the steps leading to (7)-(8).16
Equation (26b) is the labor market clearing condition. Equation (26c) equates

the real wage with the value of labor's marginal product in the final goods
sector. System (26) determines the values of [co,;Lf;x,-] as a function of N,

Solving it leads to

l-a¢ -
27 L= L,
( ) s 1—a+a2

16 Conditions (26a) may be obtained directly from (7) by noting that the

marginal cost of producing the capital good is ;.
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(28) o= [(1 —a)@®)* N]l_a.

The number of capital goods is determined by the condition of rent dissipation

for the marginal capital good. Applying (25) and (27) this condition is:

1
1+¢

0.5
(29) (1+¢)(1+0.58)

=u{Zy}- u{ZO - BNP}

1420 1-0)*
1-a+ a2

[l - 80 + lm + 2} + 1+ Byufl1 - 8 — el + 2 }] -

u{Z;}

where T=kgN %L ,ky=a
Applying a first order approximation we infer from (29) that

1
~ koL |p+a
N=|[1-8p-8]—2—
R
The equilibrium in the absence of uncertainty is characterized by (27) - (30),
for the case wheree=0.

Applying (30) we get that around £=0.

0.58
(31) dlog[N]__ 1 1+O.5B-
de p+a 1-34

Applying (28) and (30) we infer that uncertainty reduces labor income by

(32) B2

Hence, uncertainty reduces labor income in the same manner as in section 2 --
it reduces the investment in capital goods. The drop in investment impacts

wages directly because labor captures part of the rents associated with capital
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deepening. The realized tax rate does not impact on labor income - the
investment is sunk, and hence it impacts only on capitalist income. Hence, the
labor income is non-stochastic [i.e., it is independent of the realization of ¢],
and thus the welfare effect of uncertainty on labor is summarized by the drop in
income, (32).

Tracing the impact of uncertainty on the welfare of capitalists is more
involved, as the realized tax rate impacts on their income directly. A proper
welfare measure of the cost of uncertainty for an entrepreneur that invests in

capital good n is:

{BV1,1- Bl I"’£=°]}#Zo} _

05 [w{l1- 80 + €l + Z; } + 1+ Bruf{[1 - 8 - el + 2 }] +

(1+¢)(1+0.58)
< M{Z() —9'1p} b ————

\—[1 i ; u{[l =8 N[ “koL + zl} +u{zg - enp}]

(33)

where E[V|,]andE[VI,.-o] denote the expected utility of the entrepreneur

investing in capital n with and without uncertainty, respectively. Equation (33)
evaluates the difference between the expected utility and the utility in the

absence of uncertainty, for the entrepreneur investing in variety n, deflated by
the marginal utility at period zero.17 Applying a first order approximation we

infer that

17 Hence, the units of (33) are consumption in period 0. Note that the

expected utility depends on the number of varieties, as it impacts on the real



o

e« 1
(33" {E[V I = ETV Iy e=0 ]} W {IZO} =71 +1a [1 —950 ]Ha I:ﬁ_l;] e

Aggregating across all capitalists it can be shown that a first order

approximation of the welfare effect of uncertainty on capitalists [in terms of

period zero income] is:

- 2

ol

Tl+a 1-9y 1+r

The welfare cost of uncertainty increases with the size of the market, and
decreases with the set-up cost of investment. Inspection of (32) and (34)

reveals that the welfare loss of both labor and capital is proportional to the

0.58

first order risk premium, ¢ ,
1+0.58

depending linearly on the standard deviation

and the degree of disappointment aversion.

wage. Hence, in evaluating the expected utility in the absence of uncertainty,

we use N as the corresponding number of varieties.
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5. ncluding remarks

This paper illustrated conditions under which policy uncertainty has large
adverse effects on the formation of new activities in developing countries. The
study focused on the incidence of a random profit tax. In our model taxing
capital is a welfare reducing policy. Hence, such a policy would be enacted by
an administration driven by a short-term "revenue seeking" motive, supporting
narrow interest groups, ignoring long term costs. In the absence of a
commitment mechanism guarantying a "no future tax" promise, the economy is
characterized by under investment. The adverse effects of policy uncertainty
can be partially overcome by a proper investment subsidy. The desirability of
the subsidy hinges on the spillover effects in the presence of elastic supply of
capital, as well on the adverse effects of policy uncertainty on investment. As
is always the case, the ultimate wisdom of the subsidy is determined by the
competence and the integrity of the policy maker, as well as by the degree to
which the model's assumptions are valid.'® Obviously, this is a second best
solution, but it may be the only viable policy as long as policy uncertainty
hovers above. This result may provide an interpretation for the tax concessions
offered to multinationals in recent years by developing countries. In closing the
paper it is useful to emphasis that disappointment aversion was used in this

paper because of its relative tractability, yet the main points of the paper can

18  The existing evidence is rather inconclusive about the importance of these
spillover effects. For example, Rhee and Belot (1990) and Blomstrom and
Persson (1983) found favorable effects [the first paper reports several case
studies, the second paper focuses on Mexico], whereas Haddad and Harrison

(1993) did not find spillover from FDI to overall productivity growth in Marco.
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be advanced using alternative formulations of generalized expected utility

agents.
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Table 1
Volatility and other characteristics of Korea and Argentina, 1970-199219

Volatility Measure Korea Argentina
GOV 0.72% 1.25%
DEF 1.21% 2.43%
M1G 9.54% 20.12%
TOT 6.08% 10.04%
GGDP 3.80% 4.83%
INF 8.1% 764.15%
RER 8.74% 25.68%
REVCOUP 0.4 0.92
Measure Korea Argentina
OPEN 64.3% 14.4%
PRIM70 1.05 1.06
RGDP70 1680 5637
PRIV70-93 22.76% 13.51%
Industry/GDP, 1970 29% 44%
Industry/GDP, 1992 45% 31%
Notes:

cey = st. dev. from AR1 of government consumption as share of GDP, 1970-92.
DEF = st. dev. from AR1 of fiscal deficit as share of GDP, 1970-92.
M1G = st. dev. from AR1 process of nominai M1 growth.

TOT = st. dev. from mean rate of change in terms of trade, 1970-92.
GGDP = st. dev. from average real per capita GDP growth rate, 1970-92.
INF = st. dev. from CPI inflation rate, 1990-92.

RER = st. dev. from average change in effective real exchange rate.

OPEN = the average share of export plus imports in GDP over the 1970-93 period.
PRIM70 the primary-school enrollment rate in 1970.

RGD70 the real GDP per capita in 1970.

PRIV70-93 = the average share of private investment in GDP over the 1970-93 period.

19 Sources: Penn World Tables, Version 5.6; Glen and Sumlinski (1995);
World Bank World Tables; IMF International Financial Statistics.
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Table 2 -- Volatility and the Z2% ratio
GDP

B | €=0.2 | £=04
0 0.998 0.995
1 0.89 0.777
10 0.726 0.448

Calculated for a = 0.5, L =200, §, =04, ® = 0.5, p =0.1, R = 1.5, Z, = Z, =1000
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Figure 1
Uncertainty and the equilibrium number of goods
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Figure 2
Optimal investment policy



