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ABSTRACT 

I offer differences in uncertainty of the industry-level investment environment as an expla
nation for the observed differences in the investment good price and output level across 
countries. I present a model economy where the tax rate on industry investment follows 
a stochastic process. In this environment, a higher level of uncertainty makes investment 
more inefficient (i.e. increase the expected cost of producing unit of capital), and this is re
flected in higher investment good prices. An investigation of industry-level investment data 
across countries shows that the patterns of investment dynamics (i.e features or statistics 
of invesment sequence) in relation to output level are consistent with the implication of the 
model. I assign model parameter values to countries of different output levels so that the 
simulated investment sequences from the model mimick the actual investment sequences. 
I find that uncertainty can accout for all of the observed differences in the investment 
good price, and a significant portion of the differences in the output level across countries. 
Differences in uncertainty between the US and Ethiopia can account for difference in the 
investment good price by factor of up to 4, and difference in the output level by factor of 
up to 16 between the two countries. 

* This paper is essentially my graduate thesis at the University of Minnesota. I thank my adviser 

Richard Rogerson for his valuable help. 



1. INTRODUCTION 

Parente and Prescott (1993) note that the output disparity between richer and poorer 

countries were large and persistent over the period from 1960 to 1985. An immediate ex

planation for this observed output disparity is that the poorer countries are poorer becauS(\ 

they have less capital than richer countries. In the standard neo-classical framework with 

some inputs of production non-accumulable (typically labor), this implies the marginal 

product or the rental rate of capital in poorer countries is higher than that in richer coun

tries. This implication is consistent with the observation that the price of investment good 

(or capital) relative to the priec of consumption good is higher in poorer countries (see 

Summers and Heston (1993)): since the value of an investment good must be equal to 

the discounted sum of rents collected from renting that investment good, a higher rental 

rate implies a higher investment good price under a common interest rate, l and vice-versa. 

Then, an explanation for the differences in investment good prices may provide a (partial) 

explanation for the differences in rental rates and hence output across countries. Perhaps 

the conceptually simplest such explanation is a tax on investment since such a tax will 

increase the investment good price by the same amount of tax. This tax can be interpreted 

broadly as any policies that affect the cost of investment (e.g. direct taxes or subsidies, 

r~gulations affecting investment). If we assume that poorer countries have higher tax rates 

on investment than richer countries, this implies that the poorer countries have higher 

1 It is difficult to justify any significant differences in interest rates across countries. First, there is the 
international financial market: market forces equalize the interest rates across countries. Also, a typical 
implication of standard neo-classical models is that there is a unique interest rate determined from the 
fundamentals such as time preference, which prevails in balanced growth regardless of the output level. 
The persistent wealth disparity noted in Parente and Prescott (1993) suggests that when we consider 
wealth disparity across countries, it is plausible to think of both poorer and richer countries as in their 
balanced growth. 
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investment good prices and therefore lower output levels than richer countries. 2 

In this paper, I explore an alternative explanation for the higher relative price of 

investment good in poorer countries: uncertainty in the investment environment. I assume 

in a sense to be made precise that average tax rates on investment are the same across 

countries, but that these tax rates are more "uncertain" in some. This uncertainty may 

relate to the cost of producing investment good (e.g. uncertain taxes or subsidies on 

investment, frequent changes in regulations affecting investment) or to the price of the 

finished investment good through its effect on production of output that uses the finished 

investment good (e.g. uncertain taxes and subsidies on the output good, or changes in 

tariffs or quotas on the output good). Uncertainty in the price of investment good is 

qualitatively equivalent to that in the cost of producing the investment good in the sense 

that they both imply uncertain rate of return to investors. 

In section II, I present a model economy with many industries. A key feature is that 

Investors choose among investment projects of different durations and projects of different 

durations have different before-tax rates of return (e.g. building a factory with a careful 

planning, adequate amount of ground of work, etc. will take longer time than building 

one without these, but will yield a higher rate of return.) There are industry-specific 

taxes on investment and these tax rates follow a stochastic process.3 In this environment, 

investors prefer to start projects in industries with lower tax rates. However, these lower 

tax rates are temporary and the expected tax rate that a project faces go up with its 

duration. Then, projects of shorter duration on average face lower tax rates over their 

duration than projects of longer duration. Then an investor may prefer a project with 

shorter duration to a project with longer duration even if the project with longer duration 

2 See Schmitz (1993) for discussion, and Parente and Prescott (1994) and Chari, Kehoe and McGrattan 

(1995) for models with this feature and adapted to data. 

3 For simplicity I abstract away from uncertainty in the price of finished investment good. As discussed 
above, uncertainty of this kind is qualitatively equivalent to uncertainty in the cost of investment during 
the production of investment good in terms of its distortionary effect on investment. Therefore, essentially 
the same analysis applies to uncertainty of this kind. 
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has a higher before-tax rate of return. Also he may abandon an unfinished· project if 

the project faces an unfavorable tax rate. If he cannot fully recover the cost of investment 

that he already made, this results in a waste of resources. Through these two distortionary 

effects, uncertainty can make investment inefficient. The more there is such inefficiency, the 

higher the cost of investment will be and this will be reflected in a higher investment good 

price.4 Given a set of before-tax rates of return for projects of different durations, different 

values of uncertainty parameters correspond to different levels of investment efficiency in 

the steady state of economy. 

By assigning different values of the uncertainty parameters to countries of different 

output levels, we can (partially) explain the observed differences in investment good prices 

and output levels across countries. To accept this explanation as more convincing, however, 

we would want some more evidence as to why these values of parameters are plausible. 

Since these parameters are abstract, we cannot directly relate them to available data. How-

ever, uncertainty parameters determine not only investment efficiency, but also industry 

investment dynamics (Le. aspects or statistics of industry investment sequences). In par

ticular, I find that the model predicts three aspects of industry-level investment sequence 

to be related to the output level. 

Section III is an investigation of industry-level investment data across countries to 

examine these relations. The data come from the industry-level surveys by the United 

Nations Industrial Development Organization (UNIDO) over the period 1967-1988 as well 

as Summers and Heston (1993). I find that the predictions of the model are consistent 

with the data. I also find that a significant portion of industry-level investment dynamics 

is idiosyncratic (Le. industry-specific), and that this idiosyncratic component of invest

ment dynamics is larger for poorer countries. This finding provides support to modeling 

4 As mentioned earlier, I distinguish this effect of uncertainy on the investment good price and output 
level through affecting investment efficiency from that through affecting the expected tax rate on invest
ment, and consider only the former in relation to different levels of uncertainty with a constant expected 

tax rate. 
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uncertainty at the industry level rather than at the aggregate level. 

Secion IV is an attempt to determine to what extent uncertainty of the investment 

environment can account for differences in investment efficiency and output level across 

countries. For this, we need to assign uncertainty parameter values to countries of different 

output levels as well as other parameter values common to all countries. I find many 

sets of parameter values with different implications on the importance of uncertainty of 

investment environment, but overall the findings suggest that uncertainty of the investment 

environment is important in accounting for differences in investment good price and output 

level across countries. For instance, uncertainty can account for difference in the investment 

good price between the US and Ethiopia by a factor of 2 to 4. In general, uncertainty can 

account for all of differences in investment good prices across countries. Depending on 

the value of capital share in output production function, these differences in investment 

good price translates to large differences in output level across countries. Uncertainty can 

account for difference in output leve between the US and Ethiopia by a factor of up to 16. 

In the remainder of this section, I will review some related literature. On the the

oretical side, Rodrik (1989) considers policy reform that has the effect of increasing the 

after-tax rental rate of capital. However, it is uncertain whether the reform policy will 

be maintained. He finds that rather intuitively the more certain the policy is to be main

tained, the more successful the reform will be in increasing investment. Hopenhayn and 

Muniagurria (1993) have a model where there are two tax/subsidy rates on investment, 

and- these rates follow a stochastic process. This is a more general consideration of un

certainty than the one-shot policy reform considered in previous article. They find that 

if there is one sector in the economy, the persistence (low probability of switching) of tax 

rates can increase the long-run average investment and growth rate. However, if there 

are two sectors so that at any time one of the two sectors faces the lower tax rate and 

the other faces the higher tax rate, the persistence of tax rates can decrease the long-run 

average investment and growth rate. So there is some ambiguity as to the effects of uncer-
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tainty. A source of this ambiguity is that a different level of uncertainty typically lead to 

a different long-run average share of investment carried out under the higher tax rate as 

opposed to the lower tax rate. This implies that uncertainty affects the long-run average 

tax rate on investment as well. Since different tax rates (even without uncertainty) affects 

investment, it is not clear how much of the reported effect of uncertainty can be attributed 

to changes in the average tax rate and how much to the 'pure' effect of uncertainty. In 

this paper, I distinguish the two and concentrate on the latter. Other main differences 

from the previous two articles is that I model uncertainty at industry-level as opposed to 

more aggregate levels, and that I consider investment to be carried out in different dura

tions. Dixit and Pindyck (1994) consider various aspects of investment under uncertainty 

at the firm level, including making decisions on investment projects when the completion 

of project takes multi-periods and the cost of investment is uncertain. This is close to the 

investment environment that we consider in this paper. The main difference is that we 

consider investment in general equilibrium context to study the effects of uncertainty on 

aggregate variables. Also, we allow the investors to choose among investment projects of 

different durations, and to abandon projects if they want. These two features provide the 

sources of investment inefficiency, which is taken as a potential explanation for differences 

in levels of invesment good price and output across countries. 

There are also some related empirical studies that investigate the lin~ between un

certainty and investment or outout. Pindyck and Solimano (1993) investigate the relation 

between the variance of the marginal revenue product of aggregate capital (a proxy for 

uncertainty) and its maximal observed value (a proxy for the trigger value to initiate in

vestment) for a sample of 14 developing countries and 16 OEeD countries over the period 

from 1962 to 1989. Since the marginal product of capital is not directly observable, they 

estimate it using a rather stringent functional form. They find that these two measures 

are positively related, with the implication that uncertain investment environment discour

ages investment. In an investigation of 46 developing countries over the period from 1970 
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to 1985, Aizenman and Marion (1993) separate the unexpected component of aggregate 

policy (such as the government expenditure or inflation rate) change, again a proxy for 

uncertainty, assuming an autoregressive form of expectation formation. They find that the 

predictability of policy is positively related with the growth rate. Using stock return data 

for 600 US manufacturing firms over the period from 1981 to 1987, Leahy and Whited 

(1995) investigate the relation between the estimated expected variance of a firm's daily 

stock return, again a proxy for uncertainty, and its investment, and find it to be strongly 

negative. This approach has the merit of working with the uncertainty that an industry 

or a firm faces, unlike the previous two articles. However, since the stock market is an 

advanced financial market whose data are simply not available for many developing coun

tries, we cannot extend this line of research for the purpose of explaining differencres in 

levels of investment good price and output across countries. Finally, Ramey and Ramey 

(1994) find the variance of aggregate output to be negatively related to its growth rate for 

92 countries over the period from 1960 to 1985. 
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2. THE MODEL ECONOMY 

2.1 The Environment 

There are measure 1 of industries indexed by i E [0,1]. The technology of industry i 

is represented by the production function 

where y(i) is output, k(i) is capital, l(i) is labor, and ° < a < 1. Outputs of all industries 

are perfect substitutes. Aggregate output is 

y = J y(i)di. 

The law of motion for capital in industry i is 

k' (i) = k(i)(l - 15) + x(i), 

where k' (i) is capital next period, 15 is depreciation rate, and x( i) is new capital added 

this period. New capital is created by carrying out investment projects. Projects can be 

carried out in any scale z E (0,00). A project of type j and scale z requires z units of 

output to be invested each period for j periods, and yields zh(j) units of new capital in 

the jth period. Investment is irreversible: capital (at any stage of the project) cannot be 
. 

converted back to output. However, a project can be abandoned at any stage. If a project 

is abandoned, whatever remains of the project is lost. 

There are measure 1 of identical people each of whom has 1 unit of time each period 

which can be converted to labor across industries. The representative person's preferences 

is given by 
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where Ct is consumption. 

There is an industry-specific tax/subsidy on investment. The tax rate in any particular 

industry takes on one of two values, 4>1 and 4>2 where 4>1 < 4>2. A negative value of either 

of these parameters implies subsidy. The tax rate of any industry follows a Markov chain. 

If this period's tax rate is 4>p, the probability that the next period's tax rate will be 4>p 

is 1Ip. I assume that 111 + 112 > 1. This implies that the probability of facing the lower 

(higher) tax rate in the next period is larger if this period's tax rate is the lower (higher) 

one. The parameters 4>1,4>2,111, and 112 are common to all industries, but innovations are 

i.i.d. across industries. 

Let Tt denote the aggregate tax revenue. If Tt is positive, the aggregate tax revenue 

is equally distributed to people, and if Tt is negative, it is financed by an equal lump sum 

tax on individuals. 

2.2 Equilibrium 

I will define equilibrium recursively. Before doing so I will intoduce some notation and 

establish some useful results. First, note that labor is completely mobile across industries, 

so that in equilibrium in any period there will be a single wage rate. Because there is a 

constant-returns technology common to all industries, this implies that capital to labor 

ratios are equated across industries, which in turn implies that rental rates of capital are 

also equated across industries in any given period. Since the rental rate is equal across 

industries, the representative person would be indifferent concerning in which industries to 

start new projects, or to continue any projects, as long as they have the same current tax 

rates. For ease of notation, I will focus on symmetric outcomes, Le.: I assume that if any 

two projects are identical except for the industries to which they belong, the representative 

person invests an equal amount in the two projects. The state variables for a given indi

vidual are total capital (summed over industries) owned by the individual, and the scales 

of ongoing investment projects, indexed by the type of the project, the age of the project, 
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and the current tax rate that the project faces. Let /1 denote the set of individual state 

variables: /1 = {k} U {Zjnp} where k is the individual's total capital and Zjnp is the scale 

of the projects with type j, age n, and the current tax rate ¢p. Note that the investment 

projects do not need to be distinguished by the industries to which they belong since any 

two industries with the same current tax rate share the same probability distribution of 

future tax rates. 

The aggregate state variables are the sum of individual state variables. Let v denote 

the set of aggregate state variables. Each period the aggregate state variables determine 

the rental rate, the wage, and the aggregate tax revenue: these variables are given by 

functions, r(v), w(v), and T(v). Let r be the law of the motion of the aggregate state 

variables. The representative person takes as given r and therefore the current and future 

values of the rental rate, the wage, and the aggregate tax revenue. The decision variables 

are {ZjOp} which is the sizes of projects that are started today, {gjnp} which represents 

the decisions of whether to continue projects (continue if 9 = 1, abandon if 9 = 0). Now 

we can formulate the representative person's decision problem as a dynamic programming 

problem. The Bellman's equation is 

V (/1, v) = M ax{ log c + ,BV (/1' , v')} 

s.t. 
00 2 00 j-I 2 

C + L L(1 + ¢p)ZjOP + L L L gjnp(1 + ¢p)Zjnp ~ r(v)k + w(v) + T(v), 
j=lp=1 j=ln=lp=1 

zjn+IP = 7rpgjnpZjnp + (1 - 7rq)gjnpZjnp, 

k' = k(1 - 8) + x, 

00 2 

X = LLZ(j,j -1,p)h(j), 
j=lp=1 

ZjOp ~ 0, and 

v' = r(v), 

9 



where p = 1 if q = 2 and p = 2 if q = 1. 

Now we can define the equilibrium of this economy. An equilibrium is a value function 

V(J.L, v), policy functions c(J.L, v), gjnp(J.L, v), ZjOp(J.L, v), zjnp(J.L, v) for n 2: 1, and k'(J.L, v), 

price functions r(v) and w(v), aggregate output function y(v), aggregate investment func

tion z(v), aggregate tax function T(v), and the law of motion of the aggregate state 

variables f(v) such that 

1) given r(v), w(v), T(v), and f(v), the policy functions are the solution to the represen-

tative person's problem; 

2) the rental rate and the wage rate are competitively determined: 

r(v) = aka -
I and 

3) aggregate output is determined by the aggregate production function: 

4) aggregate investment is the sum of investment across projects: 

= 2 = j-I 2 

z(v) = LLZjOP(v,v) + LLLgjnp(V,v)Zjnp(V,V); 
j=lp=1 j=ln=lp=1 

5) aggregate tax is the sum of taxes across projects: 

= 2 = j-I 2 

T(v) = L L ¢pZjOp(v, v) + L L L ¢pgjnp(v, V)Zjnp(V, v); 
j=lp=1 j=ln=lp=1 

6) the sum of aggregate investment and aggregate consumption cannot be greater than 

aggregate output: 

Z(V) + c(v, v) ~ y(v); and 

7) the law of motion of aggregate state variables is determined by the values of the policy 

functions of the representative person when his state variables are equal to the aggregate 

state variables: 

f(v) = {k' (v, v)} U {zjnp(v, v)}. 
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2.3 Investment in Steady State 

A steady state is a state v such that r(v) = v in equilibrium. I will characterize the 

steady state investment (i.e. {ZjOp}U{gjnp}). First note that since there are infinitely many 

industries, the representative person can fully eliminate the uncertainty of the returns to 

his overall investment by diversifying across industries. This implies that he will make 

investment decisions so as to simply maximize the expected rate of return to investment. 

To think about this more precisely, first define 7r(tiP) as the probability that an 

industry has tax rate ¢p t periods later, conditional on the current period's tax rate being 

¢p. We then have 7r(OiP) = 1 and 7r(t + liP) = 7rp7r(tiP) + (1 - 7rq)(l- 7r(tiP)) for P = 1,2 

and all t ~ 0, where q = 1 if P = 2 and q = 2 if P = 1. From these conditions, we can 

derive 
7r(ti 1) = a + (1 - a)bt

, and 

7r(ti 2) = 1 - a + abt 

where a = (1-7r2)/(2 -7rl -7r2) and b = 7rl +7r2 -1. As t increases, 7r(tiP) converges to a, 

so a is the long-run probability of an industry having the lower tax rate. Alternatively, it is 

the fraction of industries with the lower tax rate in any period. I will call a the frequency 

parameter with higher a meaning greater frequency of the lower tax rate. The parameter 

b determines how quickly 7r(tiP) converges to a. I will call b the persistence parameter 

with higher b meaning more persistence of tax rates. For instance, if b = .9, each period 

7r(tiP) approaches a by 10% of the gap between the two. 

Let ¢(tiP) be the expected (at period 0) tax rate of an industry t periods later, 

conditional on that the current period's tax rate is ¢p. We have 

1 + ¢(ti 1) = (1 + ¢l)7r(ti 1) + (1 + ¢2)(1 - 7r(ti 1)) 

= (1 + ¢l)[a + d(l - a) - (d - 1)(1 - a)bt
], and 

1 + ¢(ti 2) = (1 + ¢2)7r(ti 2) + (1 + ¢1)(1 - 7r(ti 2)) 

= (1 + ¢l)[a + d(l - a) + (d - l)abt ), 

where d = (1 + ¢2)/(1 + ¢1). I will call d the dispersion parameter with higher d meaning 
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more dispersion of the two tax rates. We now have three uncertainty parameters, d, a, 

and b. Any set of values of these parameters and a lower tax rate ¢1 have a unique 

corresponding set of values of the primitive parameters ¢1, ¢2, 11"1, and 11"2. 

Figure 1 illustrates ¢(t;p). Note that the expected tax rate conditional on the current 

period's tax rate being the lower one is always less than the expected tax rate conditional 

on the current period's tax rate being the higher one: ¢(t; 1) < ¢(t; 2) for all t ~ o. 

Therefore, the representative person always starts all projects in industries with the lower 

tax rate; none are started in industries with the higher tax rate: 

Zj02 = 0 for all j. 

Now let's think about what type of projects the representative person will start, and 

whether he will continue or abandon his projects as the tax rates change in the following 

periods. First we can show that for any type of project j, if it is optimal to abandon the 

project when it faces the high tax rate and it is n periods old, it its better to abandon the 

project when it faces the high tax rate and it is less than n periods old. This is because 

when the project is younger, the return to investment is discounted by more periods, 

and also the expected cost is higher due to the longer remaining duration of investment. 

Similarly, we can show that for any type of project j, if it is optimal to continue the project 

when it faces the high tax rate and it is n periods old, it is better to continue the project 

when it faces the high tax rate and it is more than n periods old. This means that for 

any type of project j, there are at most two5 (consecutive) n's such that abandoning the 

project is optimal if it is under the high tax rate and less then n periods old, and continuing 

it is optimal if it is under the high tax rate and at least n periods old. 

I assume that there is a unique type of project J and a unique corresponding contin

uation/abandonment rule N,6 that maximizes the rate-of-return to investment. Then we 

5 there will be two if abandoning the project when it faces the higher tax rate and it is n periods old 
is as good as continuing it for some n. 

6 Although we can construct examples where the set of J and N is not unique, numerical exercises 
show that it is unique for most reasonable sets of model parameter values. 
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have 
Zj01 = 0 for all j "# J, 

gJn2 = 0 for all n < N, and 

gJn2 = 1 for all n 2: N, 

for a unique set of J and N. For instance, if J = 10 and N = 5, the steady state investment 

projects will be of type 10 (i.e. of duration 10 periods); and during the first 5 periods, 

a project will be abandoned if it faces the higher tax rate, but once a project continues 

for the first 5 periods, it will be continued for the remaining 5 periods even if it faces 

the higher tax rate. The representative person maximizes the expected rate of return to 

investment, or equivalently, the ratio of the expected discounted stream of return to the 

expected discounted stream of costs. That is, J and N solve 

Max 

The numerator and denominator are the expected discounted streams of return and cost 

when a project of scale 1 is undertaken. Varying the scale of the project only changes the 

numerator and denominator by the same factor, and therefore will not change the ratio. 

Inspecting how the term 1 + ¢>1 enters in the above maximization problem shows that we 

can write it as 

where 

Max 
rR(j, n; d, a, b) 

1 + ¢>1 

R(j, n; d, a, b) = 

~~j {3t(1- o)t- j h(j) 

~;:01 {3t(a + b - ab)t-n+1 + ~f~~ {3t(a + d(l- a) - (d - 1)(1 - a)bt- n+1)' 

I here used the expression for 1 + ¢>(t; 1) given earlier and the equality 71'1 = a + b - ab, 

which can be easily derived from the expressions for a and b given earlier. 

Now let's think about the scale of investment project (i.e ZJ01) that the representative 

person undertakes in steady state. If the ratio of the expected return from investment to 

13 
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the cost of investment is greater 1, he will invest an infinite amount; if the ratio is less 

than 1, he will invest none; and if the ratio is equal to 1, he will be indifferent about the 

scale of investment. In equilibrium the third case must hold: 

rR(J, N; d, a, b) 
-....:........:.-----.:..--.:.........:..=1. 

1 + ¢1 
(1) 

This equation determines the rental rate r in steady state. A value of r implies a value of 

capital k. Then the scale of a steady state investment project is such that the new capital 

produced each period, x, is equal to the depreciation of capital each period, 6k. 

2.4 Investment Efficiency, Investment Good Price, and Output 

Let ¢ denote the ratio of the expected discounted stream of tax payments to the 

expected discounted stream of investment for projects undertaken in steady state: 

,\,N-l ~tA. t N-l ,\,J-l ~tA.( N 1.1) ¢ = L-t=O fJ 'f'17r 1 + 7r 1 L-t=N fJ 'f' t - + , 
,\,N-l ~t t + N-l ,\,J-l ~t 
L-t=O fJ 7r 1 7r 1 L-t=N fJ 

Varying the size of project will not change ¢. Using 7rl = a + b - ab and the expression for 

1 + ¢(t; 1) given earlier and doing some algebra, we can rewrite the above equality as 

1 + ¢ = ~;:~1 (3t(1 + ¢1)(a + b - ab)t-N+l 

~;:~1 (3t(a + b - ab)t-N+l + ~{;;}; (3t 

+ ~{;;}; (3t(l + ¢1)(a + d(1- a) - (d - 1)(1 - a)bt- N+1) 

~;:~1 (3t(a + b - ab)t-N+l + ~{;;}; (3t 

Substituting this in equation (1), we get 

_r E----:.( J_,_N----,; d=-,_a_, --,-b) = 1 
1+¢ , 

where 
. ~~.(3t(1-6)t-ih(j) 

E (J n· dab) = _--:-_----...:1:......-_____ -;---::,.--
, , " ,\,n-l ~t( b _ b)t-n+l ,\,i-1 ~t· 

L-t=O fJ a + a + L-t=n fJ 

(2) 

E is the rate of return of investment if r is 1 and ¢ is O. We can interpret E as the measure 

of investment efficiency with higher E meaning more efficiency. 
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Consider two economies, sand u. Let (h~ and ¢lu denote the lower tax rates of 

respective countries; {ds, as, bs} and {du, au, bu} the uncertainty parameters of respective 

countries; and {Js, Ns, ¢s, R s, Es} and {Ju, Nu, ¢u, Ru, Eu} the corresponding sets of the 

steady state values. From equation (2), we have 

Ts (1 + ¢s)Eu 
Tu (1 + ¢u)Es . 

This equation and equilibrium conditions (2) and (3) yield 

Ys 

Yu 
(3) 

Hence, uncertainty affects the rental rate and output through two channels, first by af

fecting the expected tax rate on investment, and second by affecting investment efficiency. 

The first channel, differences in rental rate and output due to differences in (expected) tax 

rate on investment, have been studied by others (see Schmitz (1993), Parente and Prescott 

(1994), and Chari, Kehoe, and McGrattan (1995)). In this paper, we are interested in 

the second channel, differences in rental rate and output due to differences in investment 

efficiency. Since the investment good (i.e. capital) price is the discounted sum of rents, 

the ratio of the investment good prices between two countries is the same as the ratio of 

the rental rates between the two countries. As noted earlier, poorer countries tend to have 

h~gher investment good price relative to consumption good price. Equation (3) shows that 

differences in uncertainty can (partially) lead to the observed differences in the levels of 

investment good price as well as output across countries. Qualitatively, if poorer countries 

have "more" 7 uncertainty in their investment environment, then the model will replicate 

the pattern found in data. 

7 In next sub-section, the meaning of "more" uncertain investment environment will be discussed, and 
it will be shown that the more uncertain investment environment tends to be associated with less efficient 
investment. 
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2.5 Uncertainty and Investment Efficiency 

To think about how uncertainty affects the rental rate and output by affecting in-

vestment efficiency, we narrow our attention to sets of values d, a, b, and cPl, that result 

in a common expected tax rate, and ask how large of differences in investment efficiency 

can result from different sets of values holding the expected tax rate constant. For this 

purpose, first we can derive from equations 1 and 2, 

R(J, N; d, a, b) 
E(J, N; d, a, b)' 

(4) 

This shows that given any expected tax rate cP and any uncertanty parameter values d, a, 

and b, we can find the lower tax rate cPl that results in the given expected tax rate ¢ in 

steady state. This implies that for any given expected tax rate ¢, the sets of d, a, b, and 

cPl that result in that expected tax rate ¢ are described by any values of d, a, b, and cPl 

that satisfy equation (4). 

Let's now examine how the investment efficiency E changes as the values of d, a, and b 

change. Investment will be most efficient when there is no uncertainty, that is when d = 1 

(Le. the two tax rates are the same), a = 1 (Le. all industries face the lower tax rate), 

or b = 1 (Le. the low tax rate that a project began with does not change). This can be 

easily verified by inspecting the expressions for R(J, N; a, b, c) and E(J, N; a, b, c): if d = 1, 

a = 1, or b = 1, Rand E are the same so that maximizing R is equivalent to maximizing 

E. If d =1= 1, a =1= 1, and b =1= 1, that is if there is uncertainty, maximizing R is not equivalent 

to maximizing E, and therefore the investment may be inefficient. There are two reasons 

why investment may be inefficient. First, projects of types (Le. durations) different from 

the most efficient type are undertaken and second, projects may be abandoned during their 

duration, resulting in a waste of resources. 

Unfortunately, there are no analytical solutions for J and N. However, numerical 

exercises show the following. First, as d increases, J tends to decrease and N tends to 

increase, resulting in lower E. A higher d implies higher dispersion between the two tax 
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rates so that there is a higher penalty when the tax rate that a project faces changes 

from ¢1 to ¢2. This increases the incentive to undertake projects of shorter duration to 

reduce the probability of facing ¢2; it also increases the incentive to abandon projects 

when they face ¢2. Second, as a increases, J tends to increase and N tends to decrease, 

resulting in higher E. A higher a implies less probability for the tax rate that a project 

faces to change from ¢1 to ¢2. This increases the incentive to undertake projects of longer 

duration. A higher a also implies more probability for the tax rate that a project faces to 

change from ¢2 to ¢1. This decreases the incentive to abandon projects when the tax rate 

that they face changes from ¢1 to ¢2. The relations between band J, N, or E are more 

complicated. A lower b implies more probability for the tax rate that a project faces to 

change from ¢1 to ¢2, increasing the incentive to undertake projects of shorter duration. 

However, a lower b makes the probability distribution of future tax rates for a currently 

low-taxed project more similar to that for a currently high-taxed project. This implies 

the reduction in the expected tax rate from undertaking projects of shorter duration is 

smaller, and so increases the incentive to undertake projects of longer duration. A lower 

b also implies more probability for the tax rate that a project faces to change from ¢2 to 

¢1, providing less incentive to abandon projects when they face ¢2. The combined effect 

on E is ambiguous: it is not difficult to find examples where as b increases, E decreases 

and then increases. 

2.6 Uncertainty and Investment Dynamics 

Different uncertainty parameter values determine not only different levels of invest

ment efficiency, but also different industry-level investment dynamics (i.e. features or 

statistics of industry-level investment sequence). More precisely, a set of d, a, and b deter

mines J and N, and a set of J, N, a, and b in turn determines the dynamics of steady-state 

industry-level investment. Figures 2 to 5 present examples of industry-level investment se

quences that illustrate how the dynamics of steady state industry-level investment may 

17 



change as these variables change. For each investment sequence, I assume that whenever 

the industry faces the lower tax rate, a new investment project of scale 1 is undertaken.8 

Figure 2 and 3 illustrate the changes in investment dynamics as J increases with N, 

a, and b constant. Figure 2 shows that as J increases, the deviaion of investment from 

the long-run average value (in fraction of the long-run average value)9 tends to decrease 

in absolute term. Figure 3 is the sequences of deviations of investment from the previous 

period's values for the sequences of investment in figure 2. This shows a related but distinct 

observation that as J increases, investment tends to be more persistent in the sense that 

the deviation of investment from the previous period's value (in fraction of the long-run 

average investment) is smaller in absolute term. Figure 4 and 5 illustrate the changes in 

investment dynamics as N increases with J, a, and b constant. They show that higher 

N tends to have the opposite effect as higher J. Figure 4 shows that as N increases, 

the deviation of investment from the long-run average value tends to increase in absolute 

term. Figure 5 is the sequences of deviations of investment from the previous period's value 

for the sequences of investment in figure 4. This shows that as N increases, investment 

tends to be less persistent in the sense that the deviation of investment from the previous 

period's value is greater in absolute term. Since higher J and/or lower N 10 imply higher 

levels of investment efficiency and output in the model, we may expect that industry-level 

investment data across countries show that industry-level investment in poorer countries 

tends to have greater deviation (from the long-run average value) and less persistence than 

that in richer countries. 

Figure 6 illustrates the changes in investment dynamics as a increases with J, N, 

8 Varying the scale of investment (projects) only changes the scale of investment sequence, and does 
not change the investment dynamics. For ease of comparison among sequences, however, I drew the 
sequences so that the industry-wide investment (i.e. investment summed over projects of different ages) 

averaged over time is of the same magnitude. 

9 Three aspects of investment sequence discussed here (i.e. amplitude, persistence, and frequency of 
high investment) will be formerly defined in section 3, and used to represent the industry-level investment 

dynamics across countries in the data. 

10 In terms of model parameters, this can be thought of as lower d with a and b constant. 
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and b constant. Note that as a increases, as in the case of higher J or lower N, the 

deviation of investment from the long-run average value tends to decrease and invesment 

tends to be more persistent. Since higher a tends to increase investment efficiency and the 

output level by increasing J and decreasing N, this finding reinforces the predictions of the 

last two illustrations: industry-level investment in poorer countries tends to have greater 

deviation and less persistence than that in richer countries. However, note also that as a 

increases, the fraction of elements of the sequence above the long-run average value tendl' 

to increase. In other words, (relatively) high investment is more frequent. Since higher (J 

is, again, associated with higher output level, we may expect that the investment in poorer 

countries tends to have less frequency of high investment. Finally, Figure 7 illustrates the 

changes in investment dynamics as b increases with J, N, and a constant. Note that as b 

increases, there is no change in deviation of investment from the long-run average value. 

However, the investment tends to be more persistent. 

In sum, the model predicts that the investment in poorer countries tends to have 

greater deviation (from the long-run average value), less persistence, and less frequency of 

high investment. The industry-level investment data analysis in section 3 shows the these 

patterns are actually found in the data. 
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3. DATA ANALYSIS 

The example investment sequences considered in section 2 show that different un

certainty parameter values d, a, and b correpond to different industry-level investment 

dynamics. In particular, they suggest that the investment in poorer countries have greater 

deviation, less persistence, and less frequency of high investment. In this section, we ex

plore industry-level investment data across countries to see if this prediction is consistent 

with the data. In section IV, we use the findings in this section to assign values of d, a, 

and b to countries of different output levels, and to assess the importance of uncertainty 

in accounting for differences in investment efficiency and output level across countries. 

3.1 Data 

The UNIDO has collected and published various industrial statistics for many coun

tries on annual basis since the early 1960's. The statistics include gross investment of 

various industries, including 27 3-digit ISIC manufacturing industries and the manufac

turing industry as a whole. Since the ISIC was revised in 1967, measures of investment 

before 1967 are not easily comparable to those thereafter. Therefore, I consider the period 

for my investigation to be from 1967 to 1988, which is the the last year of data available 

for most of the countries. For many developing countries, especially those in Sub-Saharan 

Africa, the data is incomplete, missing observations for many years and industries. This 

incompleteness of data limits the number of countries whose data we can use. 

The 16 countries that I selected are listed in table 1. For the selection of the countries, 

I used the following general guidelines. First, I selected countries that have reasonably 

extensive data in terms of both years and industries. Table 1 list the years and the 

industries covered by the data used for each country. Second, I selected countries to 
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represent different levels of output and population and different geographical regions. Per

capita output and population averaged over the covered period are listed in the first and 

second columns of table 2. Finally, I tried to select countries whose per-capita outputs were 

not growing at rates much different from the worldwide average growth rate during the 

covered periods, which is about 2%, since the theoretical analysis in section 2 was carried 

out in the context of balanced growth. The trend growth rates11 are listed in column 3 of 

table 2.12 

The UNIDO survey data are measured in units of the current currencies of the re-

spective countries. To compare the data across both time periods and countries, we need 

to convert them to be in units of a single currency for a single year. This is done using the 

Summers and Heston data set plus the US GDP deflator. We first convert each measure 

of investment into US dollars of the respective year using the Purchasing Power Parity of 

composite investment good 13 of the respective country. The Summers and Heston data 

set provide this Purchasing Power Parity of investment good for each country for each 

year. Next, we convert the current US dollars of investment into US dollars of a particular 

year using the US GDP deflator. I chose the year 1985. The Summers and Heston data 

set also include for each country and each year the population, the per-capita output, the 

investment share of ouput, and the investment good price relative to consumption good 

price. Output is in units of 1985 US dollar so that we can directly compare these data 

with the investment data from the UNIDO survey. Table 2 list for each country the per-

c~pita output, the population, the growth rate of per-capita output, the investment share 

of output, the manufacturing share of investment, and the investment good price relative 

to the consumption good price with this measure for the US normalized to be 1. 

11 The trend growth rate of output is derived the same way as the trend growth rate of investment is 
in section 3.2. 

12 Brazil and Korea grew much faster than 2%. But, they represent output level (both), population 

level (Brazil), and geographical area (Korea), for which the avaialable countries in data are rare. 

13 Of course, PPP of investment good varies across industries. However, PPP's of investment good for 
individual industries are not available. 
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3.2 Analysis and Findings 

Investment Share, Manufacturing Share, and Output Level 

Plot 1 plots the investment share of output and the manufacturing share of investment 

against per-capita income. The investment shares of richer countries are higher than the 

investment shares of the poorer countries. This is as noted in the analysis of Summers and 

Heston (1993) with a broader sample. The manufacturing share of investment varies across 

countries, averaging around 12 or 13 percentage, but does not have a clear correlation with 

the level of per-capita income. The coefficients and standard error of the regressions in all 

plots are reported in table 4. 

Investment Good Price and Output Level 

Plot 2 plots the investment good price relative to consumption good price against per

capita output. The investment good price tends to be higher for poorer countries, with 

those of some poorer countries more than twice as high as those of some richer countries. 

This is again as noted in Summers and Heston (1993). 

Industry-Level Investment Dynamics and Output Level 

The three aspects of investment sequence considered in the last section were deviation, 

persistence, and frequency of high investment. Here I define these formerly as statistics. 

First, I define a trend investment sequence so that we can consider investment as fraction 

of trend, independently of the scale. This is necessary for two reasons. First, the model 

does not feature long-run growth or decline of industry-level investment whereas we would 

expect to see this in data for many countries and industries. Second, we want to compare _ 

investment sequences for economies of different sizes (e.g. the US and Canada). Let 

where Zsit is the actual investment of country s, manufacturing industry i, and year t; Zsit 
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is the trend investment; As it is the deviation from the trend; and the intercept Psi and the 

growth rate Usi are constants. The constants Psi and Usi are determined by minimizing 

the squared deviations summed over t. The deviation is in percentage terms of trend 

investment, independent of the scale of investment. 

The three statistics are defined as following. For country s = 1,2, ... , 16, devis is 

the standard deviation of {Asit} with regard to t, averaged over i; diffs is the standard 

deviation of the first-order differences of {Asit} with regard to t, averaged over i; and 

fracs is the fraction of elements of Zsit that are less than their trend investment Zsit, over 

i and t. Columns 1 to 3 of table 3 report these measures for each country. Plot 3 to 

plot 5 plot {devis}, {dif fs}, and {fracs} against output level. To relate these measures 

to the three aspects of investment sequence considered in last section, higher devi means 

greater deviation; higher dif f less persistence; and higher frac higher frequency of high 

investment. Then the model predicts that poorer countries have larger devi, larger dif f, 

and smaller frac. Plot 3 to 5 in fact show these patterns, and therefore provide support 

for the model to think about the relations among uncertainty, investment, and output. 

Comparison to Aggregate-Level Investment Dynamics 

In the model economy, uncertainty is all at the industry-level; there is no uncertainty 

at the aggregate-level. This motivated us to examine the industry-level data as opposed 

to the aggregate data. Let's examine investment data at two levels of aggregation, at 

t~e level of manufacturing investment and at the level of aggregate investment, to see 

how investment dynmics differ from that of industry-level investment. Let Asmt be the 

deviation of manufacturing investment of country s and year t, and Asvt that of aggregate 

investment. Let devimans and deviinvs be the standard deviations of Asmt and Asvt with 

respect to t. Columns 4 and 5 report these measures for each country. Plot 6 plots these 

measures as well as {devis} against output level. 

In general, deviman is greater than deviinv, and in turn devi is greater than deviman. 
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The magnitude of differences between these variables are large: for most countries, devi 

is more than twice as big as deviinv, with India's devi more than 5 times greater than its 

deviinv. This implies that large components of devi are idiosyncratic (i.e. idustry-specific), 

which offset each other when aggregated. This is confirmed as we look at the correlations 

of an industry's investment with more aggregated measures of investment. Columns 6 and 

7 of table 3 report for each country the average correlation coefficient of manufacturing 

industries' investment with manufacturing investment (corman) and aggregate investment 

(corinv). In general, corman is subtantially lower than 1, and corinv is even lower. 

Plot 6 also shows that devi, deviman, and deviinv are all negatively related to output 

level, but that deviman is more negatively related to output level than deviinv is, and 

that devi is more negatively relatied to output level than deviman. So the idiosyncratic 

component of devi is greater for poorer countries than richer countries. This is confirmed 

by comparing the correlations of an industry's investment with more aggregated measures 

of investment across countries of different output levels. Plot 7 plots corman and corinv 

against output level. In all three cases, the coefficients tend to be smaller for poorer 

countries. 

The above findings, that there is a substantial idiosyncratic component in devi across 

countries, and that this idiosyncratic component of devi is greater for poorer countries, 

provide support to modeling uncertainty at the industry level rather than at more aggregate 

levels. 
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4. QUANTITATIVE ADAPTATION OF THE MODEL ECONOMY 

Data analysis in section 3 showed that the qualitative predictions of the model econ

omy are consistent with the data: poorer countries have larger devi, larger dif f, and 

smaller frac. In this section, we explore the quantitative predictions of the model econ

omy. In particular, we want to determine to what extent uncertainty can account for 

differences in investment efficiency and output level across countries. For this purpose, 

we assign parameter values to countries of different output levels, and derive the implied 

differences in investment efficiency and output level among them. 

I adopt the following procedure to assign parameter values. Parameters j3, c¥, 8 and 

function h are assumed to be common to all countries. We consider the length of a period 

as a quarter and set j3 = .99. This implies an annual real interest rate of about 4%. 

We consider two values of C¥, 1/3 and 2/3. The first is the physical capital share typical 

in literature. The second is the share of broader capital including human capital (see 

Mankiw, Romer, and Weil (1992)) or technology capital (see Parente and Prescott (1994)). 

Assigning different values of 8 does not affect the model's implications for investment 

efficiency and output, and therefore I do not assign any particular value to 8. Parameters 

d, a, and b are country-specific. Given h, different values of d, a, and b imply different 

industry-level investment dynamics. We can use the industry-level investment to determine 

values for d, a, and b for different output levels as well as function h. 

Let a subscript s denote countries of different output levels. To find {(ds, as, bs)} 

and h, we first represent the industry-level investment dynamics for countries of different 

output levels in the data by a line l in the space of devi, dif f, and frac. Next, we 

find {(Js, N s, as, bs)} whose simulated industry-level investment dynamics are "close" to 

l. Finally, we find {(ds)} and h that are consistent with {(Js, N s, as, bs)}. Each of these 
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steps will be explained in detail in next three sub-sections. 

IV.1 Deriving [ 

Plots 8 and 9 show that it is plausible to take as features of the data the positive 

and linear relationships between devi and dif f and the negative and linear relationship 

between devi and frac, for the segment that is relevant to the data (i.e .. 2::; devi ::; .5). 

Think of a three dimensional space where the axes are devi, dif f, and frac. We can 

represent the values of these variables for each of 16 countries in the data as a point in the 

space. Let {Ps} = {(devis, dif fs, fracs)}, s = 1,2, ... , 16, denote these points. Further, 

since the pairwise relationships among the three variables in the data can be taken as 

linear, we can draw a straight line in the space that represents these relationships. Let 

1 = (,1, ,2, ,3, ,4) denote a line in the space: 

dif f =,1 +,2 X devi and 

frac = ,3 + ,4 X devi, 

where ,1, ,2, ,3, and ,4 are constants and .2 ::; devi ::; .5. Given l, the distance between 

two points P = (devi, dif f, frac) and p' = (devi', dif 1', frac') in the space is defined as 

A( , l) [(d . d .')2 (di f f - dif 1')2 (frac - frac' )2] 1 
~ p, P ; = em - em + + 2 • ,2 ,4 

The division of ,the second and the third terms by ,2 and ,4 are necessary since we 

do not want the units of measurement to matter. The distance between a point p 

(devi, dif f, frac) and a line 1 = (,1, ,2, ,3, ,4) is defined as 

~(p, l) = min{~(p,p'; l): p' is an element of the line 1 }. 

The line that represents the relationships among the three variables in data is defined as 

16 

[ = argmin{L ~(Ps, l)2}. 
s=1 
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Following this way of choosing constants, we can derive l = (-.2882,2.0135, .6204, 

-.8677). Columns 5, 6, 7, and 8 of table 5 are the points on the line [ that are closest to 

the points {Ps} and their respective distances. 

IV.2 Finding {(Js , N s , as, bs )} 

Since we consider the length of a period to be a quarter, 88 consecutive elements of a 

simulated investment sequence will constitute 22 years of a yearly investment sequence, the 

sum of each four consecutive elements being a year's investment. Such a yearly investment 

sequence with its devi, dill, and Irac will correspond to a point in the space. For the 

investment sequences simulated for a set of J, N, a, and b to be considered as resembling 

the investment sequences of, say, the US, we would want the range of points generated by 

d, a, b, and h to be in some sense close to the point for US on the line l. One simple way 

to think about this closeness is by measuring the distance of the expected point over the 

distribution of points generated by J, N, a, and b from the point for the US on the line [. 

For us to say that the expected point is close to the point on the line [, the distance would 

have to be not very big in reference to the average distance between [ and country points 

{Ps}, which is .0346. 

The detailed method that I used to find the sets of d, a, band h is as following. First, I 

selected some candidate sets of values J, N, a and b, and simulated the investment sequences 

for each of them to see if its estimated expected point (devi, dill, Irac) is close to some 

s~lected points on the line [. I selected J and N to be 1 (quarter), 2, 3, ... , 27, or 28; 

a to be .1, .2, .3, ... , .8, or .9; and b to be 0, .1, .2, ... , .8, or .9. Selection of candidate 

values and simulation are inevitable since we do not have the analytical solution for the 

expected point. For simulation, I set the initial investment to be zero, and simulated 

2876 periods of investment sequence for each set of J, N, a, and b. Then, I threw away 

the first 500 elements of the sequence. This leaves us with 2376 periods, or 594 years of 

yearly investment sequence after summing up each offour consecutive periods' investments. 
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Then, I divided the sequence into 27 of 22 years of sequences,14 which correspond to the 

numbers of industries and years in the data. Then, I derived devi, dif f, and frae for 

each of 27 sequences. Averaging these values over 27 sequences gave me an estimate of the 

expected point in the space. Then, I derived the distance bewteen this point and each of 

7 points on line [ with devi = .20, .25, .30, .35, .40, .45, or .50. These 7 points represent 

the industry investment dynamics of countries of 7 different output levels. After deriving 

these distances for each of the candidate sets of J, N, a, and b, I selected approximately 

20 sets15 of {(Js, N s, as, bs)} for each of s = 1,2, ... , 7, that have the smallest distances to 

the repective point on line 1. 

IV.3 Finding {(ds )} and h 

Given a set of (Js, as, bs), a value of Ns corresponds to a set of values of d: this can 

be seen by inspecting the expression of R in equation 1. Further, we can show that a 

higher value of Ns corresponds to a higher value of d. So there is a range of values of d 

corresponding to a value of N s . We can easily compute this range of d corresponding to 

a set of (Js, N s, as), and bs. For each set of (Js, N s, as, bs), I took the lowest value of this 

range of d as the corresponding ds (with a margin of error equal to .1). Now we have sets 

of values (Js, N s, ds, as, bs) for each of s = 1,2, ... ,7. 

N ext we need to derive the function h. This function h is common to all countries, so 

we are looking for function h corresponding to 7 sets of (Js, N s, ds, as, bs), s = 1,2, ... , 7, 

eaCh representing uncertainty of a country with a different output level. These 7 sets of 

values are derived by permutating the sets of values {(Js, N s, ds, as, bs)}, s = 1,2, ... , 7, 

14 This implies devi, diff and frac of the 27 investment sequences are correlated. To avoid this, we 
would want 27 sequences generated independently of each other. Computational burden limited me from 
doing so. In this procedure, however, the estimates of de vi, diff and frac are not biased. 

15 It is easier to find these sets consistent with the data for countries either of high output level or of 
low output level, than for countries of middle output level. Therefore, I select somewhat higher numbers 
of sets for countries either of high output level or of low output level, than for countries of middle output 
level. 
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that I derived above. To derive the differences in investment efficiency among countries 

with these differences, we do not exactly need to derive h: we only need to derive the 

pairwise factor differences among h(J1 ), h(J2 ), ••• , h(h) (see equation (3)). To derive these 

factor differences, first note that the following conditions must be satisfied: 

for all j, n, and s = 1,2, ... , 7. Let R(j, n; d, a, b) = R(j, n; d, a, b)jh(j). R is independent 

of h. Now the above conditions can be written as 

for all j, n, and s = 1,2, ... ,7. In particular, for any s, U = 1,2, ... ,7, we have 

R(Ju, N u; ds, as, bs) < h(Js) < ~(Ju, N u; du, au, bu) 

R(Js, N s; ds, as, bs) - h(Ju) - R(Js, N s; du, au, bu) 

Solving this set of inequalities gives us the range of factor differences among h(J1 ), h(h), 

... , h( J7 ). Of course, there is no guarantee that there will be a solution. In fact, for the 

majority of the cases, there are no h that solve the inequalities. 

Once we have 7 sets of (Js, N s, ds, as, bs), s = 1,2, ... , 7 and a range offactor differences 

in h(JI) , h(J2), ••• , h(h), the range of factor differences in investment efficiency (or price 

of investment good) and output level among countries of the 7 different output levels that 

are accountable for by differences in uncertainty are derived from equations (2) and (3). 

IV.4 Findings and Interpretations 

For sets of values {(Js, N s, ds, as, bs)}, s = 1,2, ... ,7, and h, that I considered, I 

found ranges of differences in investment good prices and output levels across countries 

that are accounted for by uncertainty of the investment environment. The first sets of 

(Js, N s, ds, as, bs), s = 1,2, ... , 7, in table 6 illustrates the lower end of the range: they 

imply that if the level of investment efficiency, or equivalently the investment good price, 
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for a country with its devi equal to .2 (roughly equivalent to the US) is normalized to 

1, that for a country with its devi equal to .3 (roughly equivalent to Spain) is .94; that 

for a country with its devi equal to .4 (roughly equivalent to Colombia) is .84; and that 

for a country with its devi equal to .5 (roughly equivalent to Ethiopia) is 58. The second 

sets of (Js, N s, ds, as, bs), s = 1,2, ... , 7, in table 6 illustrates the upper end of the range: 

they imply the corresponding numbers to be .88, .55, and .24, respectively Overall, these 

findings show that uncertainty of the investment environment is an important factor in 

accounting for differences in investment good price across countries. In fact, differences in 

uncertainty can account for all of the differences in investment good price among the 16 

countries that we considered (see plot 2). 

The magnitude of differences in output level accouted for by differences in uncertainty 

of the investment envrironment depends on the capital share a in the production function 

as well as the sets of (Js, N s, ds, as, bs), s = 1,2, ... , 7 (see equation 3). For the lower 

end of these differences, we assume the physical capital share of 1/3 and the first sets of 

(Js, N s, ds, as, bs), s = 1,2, ... , 7, in table 6. Then, when the output level for a country with 

its devi equal to .2 (roughly equivalent to the US) is again normalized to 1, the output 

level for a country with its devi equal to .3 (roughly equivalent to Spain) is .97; that for 

a country with its devi equal to .4 (roughly equivalent to Colombia) is .. 92; and that for 

a country with its devi equal to .5 (roughly equivalent to Ethiopia is .76. For the high 

end of these differences, we assume a broader capital share of 2/3 and the second sets of 

(Js, IYs, ds, as, bs), s = 1,2, ... , 7, in table 6. Then, the corresponding numbers are .77, .30, 

and .06, respectively.16 Although these differences are not as big as the observed differences 

in output levels across countries, they are still quite large, and show that uncertainty of 

16 Note that in the model, output is measured in units of the consumption good: we convert the value of 

investment good to the value of consumption good using the investment good price of respective countries. 

Since the investment good price relative to consumption good is higher for poorer countries, we overvalue 

the investment good of poorer countries in comparison to richer countries. Summers and Heston (1993) 

measure output using a weighted (across countries) investment good price common to all countries. In 

view of this practice, the output differences reported here are underestimates. 
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the investment environment may be an important factor in accounting for differences in 

output levels across countries. 
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5.CONCLUSION 

In this paper, I offered differences in uncertainty of the industry-level investment 

environment as an explanation for differences in the investment good price and output 

level across countries. I presented a model economy where more uncertain investment 

environment leads to lower level of investment efficiency through two channels. First, under 

uncertainty investors undertake shorter-term investment projects despite the fact that the 

longer-term projects yield higher before-tax rates of return. Second, investors may abandon 

unfinished investment projects under unfavorable shocks, resulting in a waste of resources. 

Uncertainty makes the investment good price higher to make up for the inefficiency, and 

the higher investment good price leads to the lower output level. If we assume that there 

is more uncertainty in poorer countries than richer countries, then we can qualitatively 

account for the observed differences in the investment good price and output level across 

countries. 

In the model, differences in uncertainty also lead to differences in the industry-level 

investment dynamics. Then the model implies a certain relationship between the invest

ment good price or output level for a country and the industry-level investment dynamics 

for that country. An investigation of industry-level investment data for 16 countries over 

the _period from 1967 to 1988 shows that the relationship between the investment good 

price or output level and the industry-level investment dynamics among these countries 

are consistent with the implication of the model. Simulated investment sequences from the 

model can also quantitatively mimick actual investment sequences for countries of differ

ent output levels. I then used this criterian of mimicking actual investment sequences to 

assign uncertainty parameter values to countries of different output levels to determine to 

what extent the differences in uncertainty of the investment environment can account for 
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differences in the investment good price and output level across countries. I found that the 

differences in uncertainty can account for all of the observed differences in the investment 

good price, and a significant portion of differences in the output level across countries. For 

instance, differences in uncertainty between the US and Ethiopia can explain the difference 

in the investment good price between the two countries by factor of up to 4. If we assume 

the capital share in the output production function to be 2/3, this tanslates to difference 

in the output level between the two countries by factor of up to 16. I emphasize that 

these differences in the investment good price and output level are attributable solely to 

differences in uncertainty across countries, with a common expected tax rate on invest

ment. One may hypothesize that the poorer countries tend to also have higher expected 

tax rate on investment than richer countries. These differences in the expected tax rate 

could account for (some of) the remaining differences in the output level across countries 

that are not accounted for by differences in uncertainty of the investment environment. 
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Figure 2: illustration of investment sequence 1 
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Figure 4: illustration of investment sequence 3 
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Figure 5: illustration of investment sequence 4 
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Plot 1: investment share of output and manufacturing share of investment 
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Plot 5: fraction above trend (frac) 1 
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Plot 9: fraction above trend (frac) 2 
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Table 1: years and industries of available data 

country years industries 
Brazil 
Canada 
Colombia 
Denmark 
Ecuador 
India 
Korea 
Malawi 
Philippines 
Spain 

67-69, 71-74, 76-78, 80 
67-88 

1-6, 8-11, 16-17, 24-26 
1-17, 19-27 

Sri Lanka 
Tanzania 
UK 
US 
Zimbabwe 

1: food products 
2: beverages 
3: tobacco 
21: textiles 
5: wearing apparel 
6: leather and products 
7: footwear 
8: wood products 
9: furniture, fixtures 

67-70, 72-88 
67-88 
67-88 
77-87 
67-88 

1-12, 14, 16, 18-20, 22-27 
1-6, 8-13, 17, 20, 23-27 

1-6, 8-14, 16, 20, 23, 25-26 
1-17, 19-26 
1-17, 19-26 

69-75, 80-86 1-4, 8-10, 12, 20, 23 
68-75, 77, 79-88 

67-76, 79-88 
79, 81-86, 88 
67-74, 81-85 

1, 3-6, 8-12, 14, 16-26 
1-2,4-7, 10-13, 16-20, 22 

1-5, 7-10, 12-13, 16-18, 20, 23-26 
1-13, 16, 23-24, 26 

1-27 
1-27 

70-88 
67-88 
73-88 1-5, 7-13, 16-17, 25-26 

index for industries 

10: paper and products 
11: printing, publishing 
12: industrial chemicals 
13: other chemical products 
14: petroleum refineries 
15: petroleum, coal products 
16: rubber products 
17: plastic products 
18: pottery, china etc. 
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19: glass and products 
20: non-metal products 
21: iron and steel 
22: non-ferrous metals 
23: metal products 
24: machinery 
25: electrical machinery 
26: transport equipment 
27: professional goods 



Table 2: country statistics 1 

country pout pop gpout invs mans pinv 
Brazil 3093 103773 6.3 23 16 1.18 
Canada 13164 23291 2.8 26 12 1.16 
Colombia 2600 25448 2.4 17 11 1.40 
Denmark 11073 5049 1.8 28 10 .96 
Ecuador 2573 7619 2.8 25 14 .97 
Ethiopia 296 35579 .4 5 6 2.49 
India 827 719013 2.6 18 12 1.39 
Korea 2968 36454 6.7 28 26 1.21 
Malawi 483 5772 .4 13 11 2.16 
Philippines 1604 46686 1.2 17 10 1.77 
Spain 7085 36225 1.7 28 8 1.07 
Sri Lanka 2025 15526 3.1 23 NjA 1.16 
Tanzania 444 15816 .3 17 7 1.37 
UK 10029 56334 2.1 20 16 1.13 
US 14681 222078 1.6 24 12 1.00 
Zimbabwe 1211 7297 -.2 16 19 1.69 

• pout: per-capita output in thousand 1985 US dollars averaged over the period 
• pop: population in millions averaged over the period 
• gpout: growth rate of per-capita output in percentage over the period from regression 
.. invs: investment share of output in percentage averaged over the period 
• mans: manufacturing share of investment in percentage averaged over the period 
• pinv: investment good price relative to consumption good price averaged over the period 

with the value for US normalized to 1 
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Table 3: country statistics 2 

country devi diff frac deviman deviinv corman corinv 
Brazil .3175 .3160 .3394 .2681 .1181 .7539 .7361 
Canada .2730 .2814 .3741 .1445 .0683 .3351 .1848 
Colombia .4214 .5415 .2671 .2681 .1024 .3937 .2138 
Denmark .2620 .2978 .3684 .1450 .1277 .5439 .5101 
Ecuador .4405 .5368 .2096 .2671 .2442 .4752 .3481 
Ethiopia .4680 .6323 .1944 .2583 .1466 .2903 .1316 
India .3158 .4444 .3434 .1061 .0627 .2201 -.0297 
Korea .4117 .4858 .2545 .2813 .1513 .5029 .4122 
Malawi .4585 .6291 .2714 .2792 .2389 .2296 .0464 
Philippines .4574 .5262 .2656 .3268 .2598 .4913 .3811 
Spain .2986 .3260 .3063 .1296 .1361 .3971 .3659 
Sri Lanka .4274 .6349 .3224 .2590 .0570 .5231 .1680 
Tanzania .4498 .5520 .2579 .1722 .1579 .1660 -.0440 
UK .2301 .2325 .3782 .1315 .1117 .5606 .4867 
US .1782 .1744 .4175 .0991 .0846 .4230 .0675 
Zimbabwe .4076 .4919 .3086 .3456 .2572 .5559 .5183 

• devi: average standard deviation of manufacturing industries' investment in fraction of 
trend 

• diff: average standard deviation of first-order difference of manufacturing industries' 
investment in fraction of trend 

• frac: average fraction of manufacturing industries' investment above trend 
• deviman: standard deviation of manufacturing investment in fraction of trend 
• deviinv: standard deviation of aggregate investment in fraction of trend 
• corman: average correlation coefficient between manufacturing industries' investment 

and manufacturing investment 
• corinv: average correlation coefficient between manufacturing industries' investment and 

aggregate investment 
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Table 4: regression results 

dependent independent coefficient of independent corresponding 
variable variable variable (standard error) plot 

invs pout .0401 (.0083) plot 1 
mans pout .0088 (.0106) plot 1 
pmv pout -.2271 (.0503) plot 2 
devi pout -.0615 (.0116) plot 3 
diff pout -.1024 (.0171) plot 4 
frac pout .0362 (.0095) plot 5 

deviman pout -.0325 (.0153) plot 6 
deviinv pout -.0223 (.0136) plot 6 
corman pout .0600 (.0287) plot 7 
corinv pout .0662 (.0431) plot 7 

diff devi 1.5381 (.1215) plot 8 
frac devi -.6013 (.0799) plot 9 

• invs: investment share of output in percentage averaged over the period 
• mans: manufacturing share of investment in percentage averaged over the period 
• pinv: investment good price relative to consumption good price averaged over the period 

with the value for US normalized to 1 
• devi: average standard deviation of manufacturing industries' investment in fraction of 

trend 
• diff: average standard deviation of first-order difference of manufacturing industries' 

investment in fraction of trend 
• frac: average fraction of manufacturing industries' investment above trend 
• deviman: standard deviation of manufacturing investment in fraction of trend 
• deviinv: standard deviation of aggregate investment in fraction of trend 
• 'corman: average correlation coefficient between manufacturing industries' investment 

and manufacturing investment 
• corinv: average correlation coefficient between manufacturing industries' investment and 

aggregate investment 
• pout: per-capita output in thousand 1985 US dollars averaged over the period 
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Table 5: investment dynamics observed in data 

country devi diff frac devi' diff' frac' dist 
Brazil .3175 .3160 .3394 .3138 .3437 .3481 .0174 
Canada .2730 .2814 .3741 .2799 .2754 .3775 .0085 
Colombia .4214 .5415 .2671 .4135 .5445 .2616 .0102 
Denmark .2620 .2978 .3684 .2812 .2779 .3765 .0235 
Ecuador .4405 .5368 .2096 .4412 .6002 .2376 .0451 
Ethiopia .4680 .6323 .1944 .4720 .6623 .2108 .0244 
India .3158 .4444 .3434 .3330 .3823 .3315 .0379 
Korea .4117 .4858 .2545 .4059 .5292 .2682 .0273 
Malawi .4585 .6291 .2714 .4388 .5953 .2397 .0448 
Philippines .4574 .5262 .2656 .4236 .5647 .2529 .0415 
Spain .2986 .3260 .3063 .3219 .3599 .2649 .0494 
Sri Lanka .4274 .6349 .3224 .4098 .5369 .3411 .0841 
Tanzania .4498 .5520 .2579 .4283 .5742 .2488 .0264 
UK .2301 .2325 .3782 .2559 .2272 .3983 .0348 
US .1782 .1744 .4175 .2139 .1426 .4348 .0439 
Zimbabwe .4076 .4919 .3086 .3848 .4866 .2865 .0343 

• (devi, diff, frac): investment dynamics observed in data 
• (devi', diff', frac'): corresponidng point on the line f 
• dist: distance between (devi, diff, frac) and (devi', diff', frac') 
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Table 6: illustrations of differences across countries 

illustration 1 

devi d a b J N dist E y y' 
.20 1.9 .8 .3 20 2 .0084 1.00 1.00 1.00 
.25 2.3 .7 .1 14 2 .0087 .97 .99 .94 
.30 1.9 .7 .3 10 2 .0212 .94 .97 .89 
.35 2.7 .6 .1 7 2 .0421 .89 .94 .80 
.40 2.7 .6 .0 5 2 .0412 .84 .92 .70 
.45 2.5 .5 .2 3 2 .0376 .71 .85 .51 
.50 3.0 .3 .3 2 2 .0045 .58 .76 .34 

illustration 2 

devi d a b J N dist E y y' 
.20 1.1 .7 .6 20 1 .0093 1.00 1.00 1.00 
.25 2.3 .7 .1 14 2 .0087 .91 .95 .83 
.30 1.9 .7 .3 10 2 .0212 .88 .94 .77 
.35 2.2 .6 .2 9 2 .0428 .86 .93 .74 
.40 4.6 .7 .0 7 3 .0429 .55 .74 .30 
.45 5.6 .6 .0 6 3 .0361 .50 .71 .25 
.50 8.1 .4 .1 3 3 .0060 .24 .49 .06 

• devi: standard deviation of investment on line [ representing different output levels 
• d: dispersion parameter 
• a: frequency parameter 
• b: persistence parameter 
• ..1: type (i.e. duration) of investment project 
• N: continuation/abandonment decision 
• dist: distance between the point on the line [ (with devi) and the expected point for d, 

a, and b from simulation 
• E: investment efficiency 
• y: output if O!, capital share, is 1/3, with the value for US normalized to 1 
• y': output if O!, capital share, is 2/3, with the value for US normalized to 1 
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