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ABSTRACT

In this paper, I estimate the impact on aggregate labor productivity of having government,
rather than private industry, produce investment goods. This policy was pursued to varying
degrees by Egypt, India, Turkey, among others. The policy has a large impact because there
is both a direct effect (on the production function in the investment sector) and a secondary
effect (on the economywide capital stock per worker). I estimate that this policy alone
accounted for about one-third of Egypt’s aggregate labor productivity gap with the United
States during the 1960s.
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1. Introduction

In this paper, I estimate the impact on aggregate labor productivity (ALP) of having
government, rather than private industry, produce investment goods. A number of countries
have pursued this policy. For long periods, the Egyptian government produced the vast
majority of investment goods in that country (and, moreover, most investment spending was
spending on domestically produced investment goods—not imports). India and Turkey also
pursued this policy, though not as wholeheartedly as Egypt. Interestingly, at its founding,
Taiwan started on this path, but then quickly abandoned the policy. I estimate that this
single policy alone accounted for about one-third of Egypt’s ALP gap with the United States
during the 1960s.

The intuition for why government production of investment goods can have a large
negative impact on ALP, even though the investment sector accounts for only about 20 percent
of gross domestic product (GDP), is simple. If government production is less efficient than
private production, government production in a sector reduces output and labor productivity.
But for the investment sector, this direct effect is only the beginning of the story. If the
economy produces investment goods less efficiently, then, all else equal, capital per worker
will be smaller in all sectors of the economy. This secondary effect reduces labor productivity
in all sectors.

I estimate the impact of this policy using a standard two-sector neoclassical growth
model. My only departure from the standard model is to assume that there are two tech-
nologies for producing investment goods: a government technology and a private technology.
Both technologies exhibit constant returns, with the government’s having a lower efficiency

(that is, total factor productivity (TFP)) than the private. Policy is modeled by assuming



governments impose that a certain fraction of inputs in the investment sector be inputs into
the government technology. The final aspect of policy is the setting of taxes on private en-
terprises and subsidies to government enterprises. Since government TFP is less than private
TFP and since both technologies exhibit constant returns, government and private production
can exist side by side in competitive equilibrium only if there are taxes on private production
or subsidies to government production or a mixture of both. I describe the details of my tax
and subsidy scheme below.

Consider the consequences of increasing the government’s share of inputs in the in-
vestment sector in this version of the neoclassical growth model. First, the policy changes
the sector’s production function: the policy lowers the sector’s TFP (in the model below, the
TFP of the investment sector is a weighted average of private and government TFP, with the
weights determined by the government’s share of inputs). Second, all else equal, the smaller
investment-sector TFP lowers the economy’s steady-state capital stock. These consequences
are the two effects mentioned above: the direct and secondary effects.

A third consequence of increasing the government’s share of inputs in the investment
sector is that the fraction of inputs devoted to producing investment goods may change. In
the two-sector growth model without government production, an exogenous lowering of the
investment-sector TFP does not change the fraction of inputs devoted to producing invest-
ment goods. But in the modified model, the fall in the investment-sector TFP that follows
an increase in the government’s share of inputs in the sector changes taxes and subsidies, and
this may change the fraction of inputs devoted to producing investment goods. However, for
reasons given below, I use a tax and subsidy scheme with the property that increases in the

government’s share of inputs in the investment sector do not change the fraction of inputs



devoted to producing investment goods. In this way, I isolate the effects on ALP that result
solely from the investment sector being less efficient.

I am able to calibrate each of the model parameters, including the TFP associated with
government production and private production in the investment sector. I calculate steady
states in the modified model and ask how steady-state ALP depends on the government’s
share of value added in the investment sector. For example, suppose capital’s share of output
is one-third and that private producers have TFP twice that of government producers. Then
the model estimates that a country with no government production of investment goods has
an ALP that is 1.57 times that of a country where investment goods are entirely produced by
the government. As shown below, using private TFP that is twice the government’s TFP is
a conservative estimate. Multiples of 3 or more may be appropriate. If private producers are
3 times as productive, then a country with no government production of investment goods
has an ALP twice that of a country where the government produces all investment goods.

Turning to the experience of particular countries, one finds that Egypt aggressively
pursued this policy of government production of investment goods for long periods. One such
period was the 1960s. For this period, I use the model to answer the question: What fraction
of the gap in ALP between the United States, where the government produced no investment
goods, and Egypt, where the government accounted for over 75 percent of investment-goods
production, was attributable to this policy? During this period, ALP in the United States
was about 8 times that of Egypt. As explained in detail below, the model implies that a
country with no government production of investment goods will have an ALP that is about
twice that of a country like Egypt. So, while the model does not say the United States should

be 8 times as productive as Egypt because of this Egyptian policy, the model does say that
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the United States should be twice as productive as Egypt. So, clearly, this single Egyptian
policy played an important role in Egypt’s productivity gap with the United States. Under
one metric, which I discuss below, this policy accounts for one-third of the ALP gap. Briefly,
if I had identified three policies, each of which implied that the United States should be twice
as productive as Egypt, then, taken together, the policies would imply that the United States
should be 8 times as productive as Egypt. Having identified one of three such policies, I am
one-third of the way home.

Turning to related literature, one finds that not many papers explore the impact of
specific policies on ALP. This fact is not because economists think the issue is an unimportant
one, but because of the difficulty of conducting such exercises. The most common type of
study in this literature examines the aggregate consequences of trade policy. While the
focus of this literature is often the welfare consequences of trade policy, there are studies of
trade policy’s effects on ALP. Typically, the literature finds that increases in tariffs do not
have big effects on welfare or ALP. Recently, some studies find larger effects. Klenow and
Rodriguez-Clare (1996) examine a model of a small, open economy with a love-for-variety
production function in which increases in tariffs decrease the variety of intermediate goods
that are imported and, hence, lower ALP. Rodriguez-Clare (1996) studies a model where, in
addition, there are quality upgrades in the intermediate sector.!

This paper is also related, but less so, to the recent literature on economic development
that constructs models to explain some of the gross features of the cross-country productivity

distribution (see the discussion in Lucas (1988)). Some related papers are those by Mankiw,

!Though I would like to compare my quantitative findings with those of these papers, the findings in these
papers are presented in a different manner than my findings. These papers report the percentage decrease in
ALP that follows a 10 percent increase in tariffs.



Romer, and Weil (1992); Parente and Prescott (1994); Restuccia and Urrutia (1996); and
Chari, Kehoe, and McGrattan (1997). Each of these papers use the neoclassical exogenous
growth model (or variants of it) to study the dispersion of ALP. Rather than study the
consequences of particular policies for ALP, these papers examine the impact of different
savings rates, different costs of adopting improvements to world knowledge, and different
relative prices of investment to consumption for ALP. In effect, these papers study the impact
of (unspecified) bundles of policies that give rise to different savings rates, different costs of
adopting improvements to world knowledge, and different relative prices of investment to
consumption for ALP. Of course, the issue of which policies are in these bundles and which

have the biggest impact on ALP is important. This issue motivates this paper.

2. Government Production and Efficiency

Before presenting the model, let me make some general remarks about the study of
government production of goods. I make two points regarding that literature. One point is
that most studies that compare private and government productivity take place in the context
of industries such as electricity, communications, and transportation, which are industries that
have some aspects of natural monopoly. These industries have typically been organized in
one of two ways: as a government-owned and government-managed industry or as a privately
owned monopoly that is strictly regulated by government. Which option provides greater
efficiency? While experience perhaps indicates that the private, regulated option does provide
greater efficiency, some studies show the opposite as well. And in any case, the differences in
productivity are typically not staggering.

But these studies are not relevant for my analysis. The industries that comprise the



investment sector (for example, cement, construction, machine tools, chemicals, and steel) are
not natural monopolies. Hence, though they are often organized as government monopolies
in some countries (for example, in Egypt, India, and Turkey), in many other countries (for
example, in the United States), these industries have a competitive market structure with
many producers and free entry. Hence, for my analysis, I choose studies that compare the
productivity of investment-good industries when they are government owned and managed
versus when they are structured competitively.

Some productivity studies make such comparisons. I describe these studies in the
calibration section. For now, let me simply say that, in contrast to the studies that compare
government and private TFP in the electricity and like industries, studies of investment-good
industries find that private TFP and government TFP are significantly different, with private
TFP typically being 2 and 3 times that of government TFP.

The other point about the study of government production concerns the literature that
studies the aggregate consequences of government production. This literature typically does
not distinguish between the type of good—consumption or investment—that governments
produce. Rather, the literature simply focuses on the government’s share of total output. For
example, this is true of the World Bank’s (1995) recent study of government enterprise. But
because government production of investment goods has both direct and secondary effects,
while government production of consumption goods has only a direct effect, the types of goods
the government produces matter for determining the aggregate impact of its production.

To show this, I use the calibrated model to compare a policy in which government
produces only investment goods to a policy in which government produces only consumption

goods (and in which government accounts for the same fraction of total inputs under both
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policies). Suppose government accounts for 20 percent of total inputs under both policies
(so that government accounts for the entire investment sector, which is calibrated to account
for 20 percent of inputs). From the example discussed above, one knows that if private
TFP is 3 times that of government TFP, then a country with no government production of
investment goods has an ALP twice that of a country where the government produces all
investment goods. In contrast, a country with no government production has an ALP that is
only 1.15 times that of a country where the government produces only consumption goods.
So government production of consumption goods has a small effect on ALP, peanuts really.

Let me conclude the section by making two comments about the applicability of my
approach. First, the model below examines the consequences of a government policy that
reduces productivity in the investment sector. Governments pursue many policies that have
this effect: government production of investment goods, greater restrictions on entry into
industries in this sector, and regulations on production methods, to name a few. I focus on
government production because it is relatively easy to analyze this policy. In particular, I
find it easy to measure the extent to which government pursues this policy (measured by
using government value added) and the effects of the policy on TFP (measured by using
productivity studies). But it may be possible to evaluate the ALP consequences of these
other policies by using the approach below. For example, the TFP consequences of certain
regulations are measured.

The second comment is that I have only obtained detailed data on government pro-
duction of investment goods for a few countries. However, evidence presented in Schmitz
(1996) on the government’s share of manufacturing output suggests that a much larger group
of countries have pursued this policy than the small group I have, thus far, assembled data
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for.

The remainder of the paper proceeds as follows. The model is presented in the next
section. I then give the steady-state equilibrium and relative productivity formulas for the
model. I then calibrate the parameters that are needed to evaluate relative productivity.
The model’s estimate for the impact of this policy is then given. The comparison of a
policy in which government produces only investment goods to one in which it produces only

consumption goods is given next. I then give some concluding comments.

3. Model

I begin with a standard two-sector exogenous growth model. I then describe my
modifications. In the model, there is a representative individual, and population is normalized

to 1. The individual has preferences given by

170_1
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where ¢, is total consumption (and consumption per capita since population is 1) at date ¢,
0 is the discount factor, and # > 0. The household is endowed with kg units of capital at
t =0 and 1 unit of time at each date.

Let s index sector, with s = ¢ denoting the consumption sector, s = = the investment

sector. The technology for producing good s is

(1) H - fst(kstanst) = K- As ' kgt ' ((1 + g)t . nst)li’ya

where (kg,ng) are the units of capital and time, respectively, devoted to the production

of good s, and g is the exogenous rate of technological change. Each sector has the same

2The relationship between the government’s share of investment output and its share of manufacturing
output is discussed below.



production function except for its TFP; namely, p - As.

The total capital stock k; and time input n, satisfy k; = ke +kye and ny = ng+ng = 1.
The law of motion for capital is the usual one. That is, if z; denotes investment goods
produced at date ¢, then next period’s capital satisfies ki1 = (1 — ) - bt + 4.

I make only slight modifications to this standard model. I assume that if there is
government production in a sector, then the government uses the technology in (1), but with
TFP equal to p, - A, (g for government). I also assume that the presence of government may
change the technology of private producers (if any remain). I assume that with government
production, private producers employ the technology in (1), but with TFP equal to p, - As
(p for private).

For example, consider the investment sector. Let z{ and z} denote the output of
investment goods from the government and private technology, respectively. Government

production obeys

(2) xg = My - fmt(kgh ng:t)u

where (k2,,n9,) are the inputs of capital and time to the government technology for producing
investment goods. Hence, the government technology is simply fu(-,-) multiplied by p,,

rather than p. With government production, private production obeys

(3) ilff = My f:r:t(kgta ngt%

where (kb,;,n?,) are the inputs of capital and time to the private technology for producing
investment goods. The private technology is simply fu(-,-) multiplied by p,, rather than s.

I do not expect small amounts of government production to influence private produc-
tion, so the technology in (3) is understood to hold when government accounts for a large
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share of sectoral inputs. By large shares of inputs I mean, say, 50 percent and greater.

Total investment z; equals x{ + x}. Also, note that the inputs to the two investment
technologies must satisfy k7, + k2, < k,; and nd, +nb, < ng.

I treat the consumption sector in an identical manner to the investment sector. In
particular, ¢/ and ¢ denote the output of consumption goods from the government and
private technology, respectively. Again, whereas the original technology is u - fu(-,-), the
two technologies when there is government production are 1, fe(-,-) and g, f(-,-). Total
consumption ¢; equals ¢f + ¢, while the inputs to the two technologies must satisfy k2, + k-, <

ke and ngy + ng < nep.

4. Competitive Equilibrium

Before formally defining a competitive equilibrium, let me discuss how I model gov-
ernment policy. I assume that the government imposes a requirement that inputs into the
government technology in sector s equal a fraction A\, of total inputs in that sector (of both

time and capital). That is, the government requires that

k7 n?
¢ ¢
= =)\ and —= =\,

kg Tist
where, again, (kJ,,n?,) are the inputs of capital and time to the government technology and
(kst,ns) are the total inputs in sector s. As in the actual world, governments in the model
choose different \,’s. Presumably, a government chooses to employ inefficient enterprises
because the enterprises offer other benefits, like providing jobs to political supporters. I will

not model how these A4 choices are determined. Rather, I explore how these choices impact

ALP.
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Since government TEFP is less than private TFP and since both technologies exhibit
constant returns, government and private production can exist side by side in competitive
equilibrium only if there are taxes on private production or subsidies to government produc-
tion or a mixture of both. The scheme I use is to give government producers in a sector
a subsidy that is tied to their revenues that is paid for by a tax on the revenue of private

producers in the same sector. I discuss the reasons for choosing this scheme below.

A. Definition of Equilibrium

The representative individual owns both the capital stock and the unit of time. The
individual rents both to firms in the economy. There are four representative firms in the
economy (which are also owned by the individual). There are two firms in each sector: a
private enterprise (which uses the private technology) and a government enterprise (which uses
the government technology). Government enterprises receive a subsidy that is a percentage
of their sales. The subsidies are financed with a tax on private enterprises in the same sector
that is a percentage of their sales.

Let the consumption good be the numeraire, and let p,; denote the date t price of the
investment good in units of the consumption good. Let w; and r; be the date ¢ rental rates of
time and capital in units of the consumption good. Then I can write the decision problems
of the household and enterprises as follows:

Household’s Problem:

The household’s problem is straightforward: given a sequence (pu,wy,r:), choose a
sequence (¢, ;) to maximize the discounted sum of utility subject to the budget constraint

in each period: ¢; + put -y < wy + 14 - Ky, the law of motion for capital, and the endowment
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of capital k.
Private Enterprise’s Problem (in sector s):

The private enterprise chooses (k?,n?) to maximize
(1 —7—5) -ps '/J’p'fst(k‘ils)?ng) —w.ng_,r._kg’

where 74 is the percentage tax (in consumption-good units) on the sales of private enterprises
and p. = 1.
Government Enterprise’s Problem (in sector s):

The government enterprise chooses (k?, n?) to maximize
(L+02) Doy« fu(KE,mE) —wm — 7 - I,

where o, is the percentage subsidy on the sales of government enterprises.

I define equilibrium as follows. An equilibrium given (., A;) is a list of prices (pu, wy, 7¢),
choices for the household (¢4, z¢), choices for the private enterprises (k%,, n%,), choices for the
government enterprises (k%,, n%), and a subsidy-tax pair (o, 7,) that satisfy utility maximiza-
tion; profit maximization; market clearing for capital, time, and goods; in sector s, subsidies
equal to taxes; and in sector s, the government-enterprise share of time and capital inputs

equal to Ag.

A steady state is a list of sequences
L4 (pxtv W, ’rt) = (p:w w* - (1 + g)t7 7“*)
o (ciyx) = (¢ (14+g)f 2" (1+9)")

o (kg mg) = (K" - (L+g)", (nk)") for s = c,x

3Note that I use n; = 1 in the household’s problem.
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o (k&,nd) = (k)" - (1+g)", (ng)") for s = ¢,z and

hd (0'5,7'5) = (0:77—:)

that satisfy the equilibrium conditions above. Along the steady state, both kg and k; grow
at rate g, with kg = k¥ - (1 4 g)t, where k¥ = (kP)* 4+ (k9)*, and k;, = k* - (1 + g)*, where

S S

k* =kt + k.

B. Steady-State Solution
In this section, I present the steady-state paths for zy, ¢;, and p,; (see the Appendix
for the calculations). These paths allow me to calculate ALP in the next section.

I introduce some notation. Let m4()\s) be defined as

1 if A; =0
(4) m5(>\8) = )
T if A is large
where 71, = (As - 1, + (1 — Ag) - p1,); that is, 71, is a weighted average of the government and
private TFP parameters 1, and j,, (where the weights are the government and private share

of inputs in sector s) and where A, large means A4 greater than 0.5.

The path for x; is
(5)  w= (g ma(\) - A, ()22

where the solutions for k£* and k%/k* are given below. The term k* is capital per person
divided by (1 4+ g)* (or capital per effective person), and k*/k* is the fraction of the capital
stock devoted to producing investment goods (which also equals the fraction of time devoted

to the investment sector). The consumption path is

6)  a=(ta) mh) A (k) (1)
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The solution for k*/k* is

(7) %:ﬂ"}/‘ (1+g)_(1_6)

(1+g)?=B-(1=0)

while that for k* is

8) k=

By ma(y) - A =
(1+9)f—-p-(1-9) '

Finally, the steady-state relative price of investment is

3
PR

>
N
)

my(Ae) '

8

Let me briefly discuss the steady-state solution. If there is no government production,
that is, A = A\, = 0, then, from expression (4), m.(\.) = m,(A;) = p in the expressions
above. If the government produces investment goods, that is, if A, is large (and A. = 0), then
me(Ae) = p and m,(\;) = T, in the expressions above. Examining expressions (5), (6), (7),
(8), and (9), one finds that increases in A, have the same qualitative influences on the steady
state as decreases in A,. An increase in A\, or a reduction in A, have the following effects:
they lower the z; path in (5); they do not influence the fraction of the capital stock devoted
to producing investment goods kX/k* in (7); they lower k*, that is, the total capital stock
divided by (1 + ¢)*, in (8); and they increase the relative price of investment goods in (9).

I choose the tax and subsidy scheme above precisely because under the scheme, in-
creases in A\, have the same qualitative influence as reductions in A, in the case of no gov-
ernment, production. Hence, the policy’s influence on ALP stems directly from its making
the investment sector less productive. Some financing schemes decrease the fraction of the
capital stock that is devoted to the investment sector and, hence, lead to a bigger decrease in
productivity than the scheme above. And other schemes lead to an increase in the fraction of
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the capital stock that is devoted to the investment sector and, hence, a smaller productivity
decrease. I thought it best to remain agnostic about how financing issues impact & /k* and so

choose the scheme above. In the Appendix, I briefly discuss some other financing schemes.*

5. Relative Productivity Formulas

In this section, I calculate productivity formulas. In the next section, I calibrate the
parameters in the formulas.

Index countries by i € {E,U}, E for Egypt and U for the United States. Then I
assume that \ys, = 0 for s = ¢, x. Also, let Ag. = A. and Ag, = A\, and assume both are
large. For simplicity, I drop the F subscript on the \’s for Egypt since for the United States,
the N’sare taken to be 0.

Let me start by comparing sectoral labor productivity in the steady state. Consider
the investment sector. Labor productivity in this sector in country i is z;/n;,, where x; is
from (5) and ny, = ki./k; is from (7) (and note that n;, does not depend on i). Labor

productivity in the United States relative to Egypt is

tu/nve vy muaOun) - Ae (k)

(10) ve) - Az _ﬂ.(ﬂ)ﬁ
Tp/Mpe T Mpe(Ape) A (KR Ty \H)
where, from (4), myz(Ave = 0) = p and mpe(Ag. = A\e) = 7, The term /7, is the

investment-sector TFP of a country with no government production of investment goods

relative to the investment-sector TFP of a country where the government does produce

4One way to avoid the issue of how to subsidize government production and tax private production is to
assume that A\, = 1. In this case, the only enterprises in the investment sector are government enterprises, so
they incur no losses. The advantage of making this assumption is that the model can then be described much
more succinctly. The disadvantages are that it is an approximation since no country has A\, = 1 (though
for Egypt, the approximation is not too bad), and T am then not able to compare the impact on ALP of
a policy in which the government produces investment goods versus one in which it produces consumption
goods (since the government necessarily will account for only a fraction of the consumption sector).
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investment goods. Formula (10) shows two effects of substituting government for private
production. The first term in formula (10) corresponds to the direct effect: the production
function changes. The second term corresponds to the secondary effect: capital per worker

falls.

Relative labor productivity in the consumption-good sector equals

CU/nUC _ C_U _ mUC()\UC) . Ac . (]{;[*J)'Y ﬂ . <'u >ﬁ
ce/nge ¢ Mp(Ag:) - A 7. '

iy

1 - Ry

Note that government production of investment influences relative productivity in this sector
because it means capital per worker is smaller in the sector.

Next I compare the ALP of the two countries. In such comparisons, it is typical practice
to use a common set of prices to value goods. Let p denote such a common investment price.
Let z(p) denote relative ALP when the price p is used to value output in both countries; that
is, 2(p) = yu(P)/ye(p), where y;(p) = ¢; + D x;. It is easy to show that z(p) can be expressed

as

~ U ~ TUu
(12) Z(p> = wc(p) T +wm( ) )
E TE
where
CE T\ ! n,Ank !
wlp) = —— = (1+5-22) = (145 B3
(?) CE+D-TE < P CE ( P ucAcn2>

and where w,(p) = 1 — w.(p).

Next I evaluate the weight w,(p). First, I choose an international price p. I use country
U’s price as the international price; that is, p = py = A./A,. I use country U’s price as the
international price because it is simple and, importantly, because the decrease in country E’s
productivity as a result of government production will be smaller by using country U’s price
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than by using a price that is some average of country U’s and E’s price. Hence, by using
country U’s price, I do not bias the results toward bigger decreases in measured productivity.’

Second, n} and n} depend on the parameters 3,0, 6, g, and 7. For these parameters, I
use = 0.96, 6 = 0.04, 0 = 1, g = 0.025, and v = 1/3. With these parameters, n} = 0.20 and
ns = 0.80. So the fraction of time devoted to the investment sector (which in the model also
equals the investment sector’s share of GDP in local prices) equals 20 percent. With these

two conventions, I have

(13)  we(p) = (1 1. %)

In summary, to estimate the impact of government production of consumption and
investment goods on productivity, one uses the relative sectoral productivity formulas (10)
and (11), together with the weight (13), to calculate z in (12).

To determine the productivity consequences of a policy in which the government pro-
duces only investment goods, use mg.(Ag, = 0) = p and mg,(Ag, = A\;) = T, in formula

(12). The expression for z then becomes (where remember that v = 1/3)

-1 1 —1 3
1 7, u>2 ( 1 m) <u>2
14) z=(14+=-=] (=] +|1-(1+=-= Y =
14 ( 4 #) (ux 4 p [os

The parameters determining z in this case are A, j1/p,, and /.

5To see the last claim, note that

*

-1 -1
cei=m) = (14 ) > o= pr) = (142

MCnC nC
as long as T, < Ti.. Hence, as long as the inequality holds, the price system py puts greater weight on cy/cp
than does the price system pg. Price system pg, therefore, puts greater weight on xy/xg. Now, when I
study the impact of government production of investment goods, this inequality is satisfied. Also, the policy
leads to a greater reduction of productivity in the investment sector than the consumption sector; that is,
zy/rE > cy/cg. Hence, since pg puts greater weight on zy /xg, U’s productivity advantage over E will be
greater under the price system pr than under py. If instead of using price system pg, I use some average of
the two price systems, a similar finding would emerge. In this sense, by using py, I provide a lower bound to
the measured productivity decrease from the policy.
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6. Calibration
In order to evaluate the relative productivity formula in (14), I need to specify the

parameters A, ji/p,, and ju/p,. T discuss each parameter in turn.

Government Involvement in the Investment Sector (that is, \;).

Though many governments play large roles in their respective investment sectors,
it is difficult to obtain the disaggregated data that are needed to quantify the extent of
production. For example, India is a country where the government has played an important
role in producing investment goods, but for which I have not found detailed data. According
to Srinivasan (1993), the Indian government played a large role in India’s “heavy-industry

development strategy.” As he describes, the idea was to keep

the cost of capital goods as low as possible, particularly equipment that is at the
farthest end from final consumption goods. If the government had complete con-
trol over this industry, it would be able to control prices and shape the pattern of
industrialization. And by regulating imports, it could also influence investment
in the private sector. As it turned out, however, domestic production of equip-
ment by the public sector, price controls, and the restriction of competition from

imports raised rather than lowered the cost of this equipment. (p. 104)

Despite data availability problems, I have collected reasonable amounts of data for
three countries: Egypt, Taiwan, and Turkey. The governments of Egypt and Turkey played
large roles in their respective investment sectors for extended periods. In Taiwan, the gov-
ernment also played a large role, but for a very brief period. I include Taiwan, then, not to
show how this policy reduced productivity in the country, but as an example of a country
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that could have followed this path but did not. Interestingly, it seems that a major reason
Taiwan dropped this policy was due to pressure from the United States during the Korean
War (see Schmitz (1996)).

I start by examining the government’s share of domestic production of investment
goods in Egypt, Taiwan, and Turkey. I then consider the extent of investment-good imports
in these countries.

Investment goods consist of equipment and structures. Investment goods are produced
in two sectors of the economy: the manufacturing sector and the construction sector. The
manufacturing sector produces intermediate goods (for example, cement and steel) that are
used in producing equipment and structures. The manufacturing sector also produces equip-
ment. The construction sector produces structures by using intermediate goods (for example,

cement). In symbols,

T = Tman T Teon

= (xint + xeqp) + Zcon,

where x is total production of investment goods, and x,,,, and z.,, denote the production
of investment goods in the manufacturing and construction sectors; x,,., can then be divided
into the value of intermediate goods that are produced in the manufacturing sector (that are
used in producing equipment and structures), which I denote as x;,; and equipment value
added, which I denote as 4.

The government’s share of domestic production of investment goods can be expressed

as a weighted average of the government’s share of investment goods produced in the manu-
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facturing and construction sectors; namely,

9 Tman Than - Teon T,
(15) —= : + : ,
x x xman ‘/I” 2(;CO’I’L

where a g superscript denotes government production.’

I now consider the value of 29, /Tmaen in Egypt, Taiwan, and Turkey. Table 1 gives
the government’s share of value added in the intermediate-goods industries and equipment
industries in these countries. That is, Table 1 gives xf,;, /% and 24 ,/Tcq. For Egypt and
Turkey, the data are for the years 1966-67 and 1968, respectively. These years are dictated
somewhat by data availability, but they are years that are in the middle of long periods of
government involvement in the sector and give, I think, a fairly representative picture of the

extent of this involvement. For Taiwan, I choose a year shortly after the country’s founding.

After the early 1950s, the government quickly retreated from the industries listed on Table

As one can see, the governments in Egypt, Taiwan, and Turkey produced a large
share of the output in many of the industries listed on Table 1. Government involvement
in Egypt was greater than in the other two countries. In particular, for each industry, the
government’s share of value added was greatest in Egypt, with shares of 90 percent or more
common. The weighted-average share of government production was 81.9 percent; that is,
29 ) Tman = 0.819. While government involvement in these industries in the other two

countries was not as great as Egypt’s, government involvement was significant nonetheless:

6Let me say a few words about definitions. I call the enterprises that are owned by the government
government enterprises. In practice, a distinction is made between two types of government-owned enterprises:
those that sell their output are typically called public enterprises, and those that do not sell their output are
typically called government enterprises. In the manufacturing sector, government production typically occurs
only in public enterprises; in the construction sector, government production may occur in both enterprises.
Value added in government enterprises is measured by the wages of employees.
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the weighted-average share was 61.2 and 40.7 percent in Turkey and Taiwan, respectively.”

Next I consider the government’s share of construction value added, x2,,, /% con. Unfor-
tunately, it is more difficult to obtain data on government value added for this industry than
for the manufacturing industries. But for the construction industry, it appears that govern-
ment involvement in Egypt is, again, greater than in the other two countries. According to
Waterbury (1993, p. 93), who cites a World Bank study, government production accounted
for 75 percent of construction value added in Egypt; that is, 29, /Z.., = 0.75. 1 do not have
an estimate for Turkey.

I now calculate x9/z in (15). Again, for Egypt, 29, ,./Tmaen = 0.819 and 29, /Teon =
0.75. For Egypt for this period, 4,/ = 0.575 and Z.., /2 = 0.425 (see Mabro and Radwan
(1976)). Hence, for Egypt, 29/2 = 0.79. In Egypt, therefore, the government accounted for a
very large share of domestic production of investment goods. Again, for Turkey, 29, /%ma0n =
0.612, though recall that I do not have an estimate for x4, /z.,. For Turkey for this period,
Tman/T = 0.455 and Zen/x = 0.545 (see Walstedt (1980)).

Next I consider the imports of investment goods. During the 1950s and 1960s (and
beyond), many countries, including Egypt and Turkey, followed import-substitution policies
in manufacturing. These policies most often targeted the manufacture of consumption goods
(for example, textiles, food processing, and so on), but frequently, the policies included
intermediate goods and equipment as well (as the policies did in Egypt and Turkey). As a

result, as I now argue, imports did not play a big role in investment spending in Egypt and

I have two remarks about Table 1. First, some intermediate goods produced in the manufacturing sector
are used to produce consumer durables, while some intermediate goods are used to produce some investment
goods. I do not have the government’s share of output in intermediate goods produced for consumer durables
and intermediate goods produced for investment goods. I assume the government’s share is the same in both.
Second, the estimates for Turkey from Walstedt (1980) are based on establishments employing 10 or more.
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Turkey.
Let = denote total spending on investment goods. Total investment spending equals

domestic production plus the value of imports, or

T = T+ Timp

= T+ (zimp,int + ximp,eqp)a

where z;,, denotes the value of imports, and Zjmpint and Timpeqp denote the imports of
intermediate and equipment goods, respectively.®

Table 2 lists domestic production of investment goods and imports of investment goods
as a share of total investment spending (that is, /T and z;;,,,/Z). Table 2 also presents im-
ports by type of good (intermediate or equipment) and imports’ share of investment spend-
ing (that is, Zimpint/T and Timp eqp/T). The estimates for Turkey are obtained from Krueger
(1974). During 1958, domestic production accounted for 77 percent of investment spending
in Turkey; imports amounted to 23 percent. So imports of investment goods made up a
minor share of investment spending in Turkey during 1958.° I derive the estimates for Egypt
from information in Hansen and Nashashibi (1975). During 196667, domestic production
accounted for 80 percent of investment spending, and imports amounted to 20 percent. In

this country, too, imports of investment goods made up a minor share of investment spending

8For these countries, during the periods I study, exports of investment goods were very small and, hence,
are not included in the spending identity.

9The information for 1958 is derived from Krueger (1974, p. 111, Table IV-9). Table IV-9 includes infor-
mation for the years 1957—60. During these four years, imports accounted for 25, 23, 33, and 34 percent of
total investment spending, respectively. The domestically produced share of total investment spending was,
therefore, 75, 77, 67, and 66 percent, respectively. I now make a final point about the Turkish data. I use
statistics for the late 1950s in Table 2 for Turkey, even though the statistics in Table 1 for Turkey are from
1968, because calculating numbers such as those in Table 2 is difficult. Hence, I prefer to use a source which
compiles these numbers (though for a slightly different period), rather than estimate them myself.
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during this period.

That imports made up a small fraction of investment spending in Egypt and Turkey
during these periods may surprise some readers. In order to better understand this fact, let
me discuss this issue further. Let me focus on Turkey since the data in Krueger (1974) allow
a detailed analysis of this issue. I discuss data for 1958. I express the share of imports to

total spending as

Limp _ Legp . Limp,eqp + Leon . Limp,int
T T Tegp xz ZLeon

Y

where Z.4, denotes spending on equipment and ., denotes spending on construction. Again,
for 1958, m,/T = 0.23. Imports of equipment did make up a large share of spending on
equipment in Turkey in 1958, namely, 67 percent. That iS, Zimp eqp/Teqp = 0.67. However,
equipment spending accounted for only a small share of total investment spending, namely,
27 percent. That is, Z.,/T = 0.27. Construction spending, therefore, made up the lion’s
share of spending on investment goods, namely, 73 percent. That is, Z..,/T = 0.73. And
here, on construction spending, imports made up only a small share of spending. Imports of
intermediates only made up 7 percent of construction spending. That iS, Zimp,int/Zcon = 0.07.

Imports did not necessarily have to make up such a small share of construction spend-

ing in Turkey. To see this, I write construction spending as
Leon = Tint,con + Limp,int + Zcons

where Zjns con is the value of the intermediate goods produced in the manufacturing sector
that are used in structures. So spending on construction equals the value of intermediate
goods used in structures (both imported and domestically produced) plus the value added
in making structures. The value of intermediate goods used in structures accounted for 43
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percent of construction spending. Most of the intermediate goods used in construction were
produced in Turkey, namely, 83 percent.

Therefore, a big reason why domestic production was a large share of investment
spending in Turkey was because construction was a large share of total spending and because
domestic intermediate production made up a large share of construction spending. This
import substitution in intermediates goods, then, accounted for domestic production being
a large share of total spending. If Turkey had imported the intermediate goods used in
construction, rather than producing most of them, then imports would have made up 50
percent of total investment spending, which is more than twice the actual total.

I can now turn to the question at hand: What is a reasonable value for A\, for a country
like Egypt? If a reasonable value for the government’s share of value added, x9/x, is about
0.75, what about the government’s share of inputs, A\,? In the model, the government’s share
of value added is a function of \,; namely,

x9 Aw:“’
16) — = g .

From this expression, I can solve for ), as a function of 29/z and call it A,(z?/x). The
term A, (x9/x) is the input share associated with the output share z9/z. Note that A, (29 /)
> x9/x. This follows because the government is less efficient than the private sector. Hence,
if the government accounts for 10 percent of output, this means it accounts for more than 10

percent of inputs. Hence, for Egypt, A, exceeds 0.75.

Productivity Parameters (that is, p/p, and p/up,)
Before discussing the productivity studies I use to calibrate the model, let me say a
few words about why I expect an industry run by the government to be less efficient than a
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competitive industry. My view is that government industries are often monopoly industries
and that monopoly leads to inefficiency. Admittedly, there are very few models that imply
that introducing monopoly leads to large decreases in industry TFP (or, conversely, that
introducing competition leads to large TFP gains). Some models that have this flavor are
Holmes and Schmitz (1995, 1997) and Parente and Prescott (1997). In Holmes and Schmitz
(1997), entrepreneurs within an industry divide their time between researching and blocking
the progress of their rivals (for example, through lobbying for regulations). If competition
from other locations is increased (for example, by a decrease in tariffs), then entrepreneurs
spend more of their time researching. Thus, productivity increases.!® The models presented
by Holmes and Schmitz and Parente and Prescott offer some reasons to expect u > p,.

Suppose now that the government does not take over the entire industry, so there are
private producers that remain. Because government is inefficient, it may place restrictions
on private producers to limit their productivity. Otherwise, the productivity differences
between private and government may be too large. Hence, there are reasons to expect private
producers without government to be more productive than those with government production;
that is, u > p,. So there are some reasons to expect that y > p, > p,. What do studies
show?

A number of studies compare investment-sector government and private TFP within
a country. For example, Krueger and Tuncer (1982) study government and private TFP in
Turkey’s manufacturing sector. With Krueger and Tuncer’s study, I am able to compute

private TFP relative to government TFP in Turkey’s intermediate goods and equipment

10While there is not a lot of theory for why monopoly is inefficient, a growing body of evidence suggests that
competition spurs productivity. These empirical studies include Baily (1993), Baily and Gersbach (1995),
and Nickell (1996).
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industries. These estimates are given in Table 3 for the years 1963 and 1976. For the 15
industry-year pairs in the table, private TFP exceeded government in 12 of the 15 cases. On
average, private TFP in these industries was 1.916 times that of government TFP in 1963;
in 1976, the multiple was 2.539.!

Table 3 also presents estimates for the same industries in Egypt for the years 1970 and
1980. These estimates are derived from Handoussa (1991). For the 10 industry-year pairs in
the table, private TFP exceeded government in 8 of the 10 cases. On average, private TFP
in these industries was 2.057 times that of government TFP in 1970; in 1980, the multiple
was 2.224.12

The studies summarized in Table 3 suggest that a reasonable value for the ratio p,/pu,
is 2.

Some studies compare investment-sector government efficiency with that of private
efficiency in other countries. One such study is Funkhouser and MacAvoy (1979), which
sets out to compare government and private enterprises within Indonesia. However, for
some industries in Indonesia, there were only government firms. Funkhouser and MacAvoy
expand their study by surveying private firms in these industries in “adjoining Southeast

Asian countries.”

"'These estimates are derived from Krueger and Tuncer (1982) as follows. With the Cobb-Douglas technol-
ogy, the ratio of private to government TFP can be expressed as the product of two terms: the ratio of labor
input per unit of output, government to private (the ratio raised to the power of labor’s share in output) and
the ratio of capital input per unit of output, government to private (the ratio raised to the power of capital’s
share in output). The terms in this product are found in Table 5 of Krueger and Tuncer.

12These estimates are derived as follows. With the Cobb-Douglas technology, the ratio of private to
government TFP can be expressed as the ratio of two terms: private labor productivity divided by government
labor productivity and private capital per worker (capital per worker raised to the power of capital’s share in
output) divided by government capital per worker (capital per worker raised to the power of capital’s share
in output). Labor productivity estimates are found in Handoussa (1991) in Table 32, and capital per worker
estimates are found in Table 31. Since estimates of capital share are not reported, I use the estimates that
are given in Krueger and Tuncer (1982) for each industry.
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The results of their study with regard to productivity are included in Table 4. The
table reports productivity for those industries in Funkhouser and MacAvoy’s (1979) study
that produced investment goods (intermediate goods and structures). The first column of
Table 4 lists the labor productivity of private enterprises relative to government enterprises
within Indonesia. Hence, Table 4 gives estimates of j1,/p,. In all industries within Indonesia
in Table 4, private production is more productive than government. The magnitude of the
numbers is similar to that in Table 3.

The second column of Table 4 lists the productivity of private firms in countries adjoin-
ing Indonesia relative to government firms in Indonesia. Hence, Table 4 provides estimates
of uu/p,. As one can see, the u/u, estimates in the second column are much bigger than
the y1,/p, estimates in the first column. Suppose one focuses on the industries in Table 4 in
which productivity is based on physical measures of output, that is, the first four industries
in the table, and one does not focus on construction in which productivity is based on a sales
measure of output. Then the estimates of y,/p, are 2.558 and 2.660, while those for 11/,
are 6.024 and 4.329.

There are a couple of caveats about the Funkhouser and MacAvoy (1979) estimates.
One caveat is that the estimates are of relative labor productivity and not relative TFP.
What would relative TFP estimates look like? The same question is, What type of enterprise
(government or private) has more capital per worker? There are, of course, famous stories of
overstaffing in government enterprises. However, on the other hand, government enterprises
typically have access to credit on much cheaper terms than private enterprises have for pur-
chasing capital. What are the facts? As Krueger and Tuncer (1982, p. 324) report, Turkish

government enterprises are more capital intensive than their private counterparts. The same
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is true in Egypt. For Egypt’s manufacturing sector, Handoussa (1991, p. 102, Table 31)
reports that capital intensity in the government sector exceeded that in the private sector by
a factor of 5 in 1970 and 2.5 in 1980. So the evidence I have seen suggests that government
enterprises are more capital intensive than private ones.!3

The other caveat is that for the private enterprises surveyed outside of Indonesia,
Funkhouser and MacAvoy (1979) only report that the firms were in “adjoining Southeast
Asian countries.” They do not report the names of the countries. But from this description,
I can reasonably assume that the countries were at similar levels of development as Indonesia.
Also, since I do not have the names of the countries, I cannot check if the private enterprises
outside of Indonesia operated in industries with some government production or not. I have
been implicitly assuming that the private enterprises operated in industries without govern-
ment (since I have taken the private enterprises’ productivity to be u). However, I do know
that if there is government production in the industry, then it makes up a smaller share than
the government’s share in Indonesia, where the government accounts for the entire industry.

What then does this study in Table 4 ultimately suggest as a reasonable value for the
ratio p/p,? 1, of course, do not want to draw too much from one study. And most readers
probably find the size of the estimates of 4 and 6 as very large. But the study does suggest to
me that p > p,,. If we normalize p, = 1, so that p, = 2 based on Table 3, I plan to consider

values of p € [2,3].

13This is not too surprising if one considers the twin facts that larger manufacturing plants typically have
greater capital per worker than smaller manufacturing plants and that public manufacturing plants are on
average much bigger than private ones.
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The Model’s Estimates of Relative Aggregate Labor Productivity

Based on this discussion of parameters, I now discuss what is a reasonable estimate
for how government production of investment goods has influenced ALP in Egypt.

Table 5 presents the model’s estimates of the impact of government production of
investment goods on productivity. Table 5 compares the labor productivity of a country with
no government production to a country where the government produces investment goods.
Recall that relative ALP in this case is given by the expression in (14). It is a function of A,
(or 29/x), i/ g, and i/, In Table 5, I choose the normalization p, = 1. In panel A of Table
5, 29/x = 1. In panel B of Table 5, 29 /x = 0.75. Entries in the matrices give values of relative
ALP for various values of private TFP in the country with no government production, that
is, p, and private TFP in the country with government production, that is, j,.

In panel A of Table 5, if 4 = 1.5, then z = 1.31. The value of j, of does not matter, of
course, since 29/x = 1so that there are no private producers in the country with government
production. If g = 2, then z = 1.57. If y = 3, then z = 2.

In panel B of Table 5, the first row of numbers is identical to the first row of numbers
in panel A. That is true because the first row of panel B is for y, = 1, which means that
private producers in the country with government production have the same productivity as
government producers (recall that By = 1). If one reads down a column in panel B, the pro-
ductivity of private producers in the country with government production increases. Hence,
the productivity of the country with no government production relative to the productivity
of the country with government production decreases. For example, if y = 3 and u, = 1,
then z = 2. If y = 3 and p, = 2, then z = 1.85. As one can see, the numbers do not fall

dramatically as one reads down a column in panel B.
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So what is a reasonable estimate for how this policy has influenced productivity in
Egypt? The term z9/x = 0.75 is a reasonable approximation for the government’s share of
investment output in Egypt. Table 3 suggests that s,/ pg 1s at least 2, so with p, =1, this
implies p1,, = 2 is a conservative estimate. These parameters, therefore, place one in row 3 of
panel B of Table 5. Now, as I mentioned, Table 4 suggests that there are reasons to consider
a value of p bigger than p, = 2. As p varies between 2 and 3 in row 3 of panel B of Table
5, relative productivity varies between 1.45 and 1.85. As I mentioned in the introduction,
ALP in the United States was about 8 times that of Egypt’s during the 1960s (see Summers
and Heston (1991)), a period when Egypt vigorously pursued this policy . What fraction of
the ALP gap between the United States and Egypt does the model then attribute to this
policy? In order to answer this question, I need some metric to measure the fraction of the
gap explained by this policy.

In thinking about a metric, suppose I had identified three policies, each of which
implied that the United States should be twice as productive as Egypt. Taken together, the
policies would imply that the United States should be 8 times as productive as Egypt. Then
identifying one policy of three means that I am one-third of the way to explaining the overall
productivity difference. A metric that would imply this as the fraction of the gap is as follows.
Change variables from z, the measure of relative ALP, to v using the formula z = 2¥. Then
v =1Inz/In2. Let z, and z; denote the relative ALP in the model and data, respectively
(with v, and vy the associated v’s). Measure the fraction of the gap by the ratio of the v’s;
namely, v, /vg = (Inz,,/In2) + (Inzy/In2). If 2,, = 2 and z4 = 8, then v, /vg = 1/3.

The metric above is equivalent to one in which the fraction of the gap explained is

defined by taking the difference in the logarithms of ALP in the model (which, when one
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uses the normalization that yy = 2 and yg = 1, is Inz,,) and dividing by the difference in
the logarithms of ALP in the data (which, when one uses the normalization that y; = 8 and
yp = 1,18 In z4).

Now that I have a metric, recall that as p varies between 2 and 3 in row 3, rel-
ative productivity varies between 1.45 and 1.85. If I use the metric above, if © = 3, then
In z,,+1In z; = In(1.85)+1n 8 ~ 0.30 so that the policy accounts for about 30 percent of the pro-
ductivity gap. I highlighted this calculation in the introduction when I argued that the policy
accounts for about one-third of the productivity gap. If p = 2, then In z,, +1n z; = In(1.45)+

In8 ~ 0.18 so that the policy accounts for about 18 percent of the productivity gap.

7. Consumption Versus Investment

In this section, I show that a government policy to produce consumption goods has a
very different effect from one producing investment goods. This follows from the fact that
increases in A, decrease k* in (8), while increases in A, do not.

Consider two contrasting policies, polices a and b, defined by
policy a: Ao =X/n’, A, =0; policy b: A\. =0, A, =A\/nl,

where \ € [0,n}] and where n’ and n’ are the steady-state time allocations derived from (7).
I now say a few words about these policies. Recall that the steady-state time allocations are
not functions of A, and \,. Hence, the policies are well-defined. Because of the restriction
on A, both A. in policy a and A, in policy b are less than 1 (under the assumption that n}
< n}). Policy ainvolves government production of consumption goods alone, while policy b
involves investment goods alone. Finally, both policies involve the government’s use of the
same fraction of inputs X in the steady state; that is, under policy @ and b, >°, A\s - ni = A
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Let z,(\) denote the aggregate productivity of a country with no government produc-
tion relative to that of a country pursuing policy a. Define z,(A) similarly. Both z, and z,
exceed 1. I show that z;, is much larger than z,.

I have already calculated the formula z,(A). That is, z,(\) is found by setting A\, =
A/nkin formula (14) above. The term z,(A) can be constructed by displaying formula (12)
for the case when the Egyptian government only produces consumption goods. In this case,

me.(Ag, = A¢) = i, and mg,(Ag, = 0) = p. The expression for z then becomes

(A7) za(N) = <1+£Eﬂc>_l-<ﬁﬁc>+ 1 (1%-%)_11 1,

where 7, = Acpt, + (1 — Ao)p, and A, = A/n} (note the investment-sector productivity is

identical across countries).

Let me assume that A = 0.20. Hence, the government makes up the entire investment
sector under policy b and one-fourth of the consumption sector under policy a (recall that n
= 0.20 and n} = 0.80).

Values for z, can be found in panel A of Table 5 (where A\, = 1). For example, if
u =3, then 2z, = 2.

Values for z, are calculated from expression (17) above. I maintain the assumption
that A = 0.20 and p = 3. T also specify a value for p,. Since the government’s share of
output of the consumption goods is small (that is, one-fourth), and recalling expression (4)
and the discussions surrounding it, I assume that the productivity of private producers is not
influenced by government production. That is, I use p, = 3. Then z, = 1.15.

In summary, the policy of government production of investment goods leads to z, = 2,

and the policy of government production of consumption goods leads to z, = 1.15. If relative
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ALP in the data is z4, the fraction of the gap explained by the investment policy relative to the
fraction of the gap explained by the consumption policy is (In 2,/ In z4)+(In 2,/ In z4) ~ 5. The
policy of producing investment goods explains 5 times more of the gap than the consumption-
good policy.

In comparing the impact of the two policies, I should mention that the larger the value
of j1,,, the smaller is z,. This is true for the same reason why the entries in panel B in Table 5
fall as one reads down a column. The value of 1, does not make a big difference in panel B of
Table 5. That is true because private producers in the country with government production
make up a small share of investment-sector output. But in the government production of
consumption-goods exercise, private producers make up the majority of the output. Hence,

the value of 11, makes a bigger difference in this case.

8. Conclusion

Not many papers explore the impact of specific policies on aggregate labor productivity.
This is true not because economists think the issue is an unimportant one, rather because of
the difficulty in conducting such exercises. In this paper, I estimated the impact of a policy
whereby the government substitutes for private enterprise in producing investment goods.
The estimates showed that the policy can have a large negative impact on aggregate labor
productivity. The policy accounted for one-third of Egypt’s aggregate labor productivity gap
with the Untied States during the 1960s.

In the introduction, I mentioned the literature that discusses trade policies. My point
was to emphasize the shared goal of that literature and this paper, which was to estimate

the impact of policy on aggregate outcomes. Other connections do exist between the trade
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literature and this paper, less obvious perhaps, but connections worthy of further thought
and study. Because government production is less efficient than private production, govern-
ment production in countries is typically supported by tariffs or quotas on imports of the
goods government produces. Hence, another cost of tariffs is the role of tariffs in protecting
government production. The biggest impact of tariffs on aggregate outcomes may well be the

tariff’s support of inefficient production.
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Appendix

In the Appendix, I begin by constructing the expressions (5), (6), (7), (8), and (9).
Then I briefly discuss other tax and subsidy schemes.

Al. Steady-State Solution

I start by assuming A, is large. The necessary conditions for profit maximization,
that each private and government enterprise set its marginal product of capital equal to r
and marginal product of labor to w, imply that the capital per effective unit of time in each
enterprise and sector are equal and, hence, the two equal the aggregate capital per effective

unit of time; that is,

From this condition, it follows that the fraction of time devoted to a sector equals the fraction
of capital stock devoted to that sector; that is, n¥ = k¥ /k*.
Using these conditions and the government-input requirements, I write zf (expression

(2)) in the steady state as

xg:(l—i_g)t':ug'Am'(k )7'n390:<1+g)t':u’g'AlB'(k )’y')‘a?'F7

since ng = A\, - nk = A, - kX /k*. Similarly,

Ky

o =1+ 9) gy A (K)ol = (L4 g) - gy Ap - ()7 (1= Aa) - 2,

since n? = (1 —A;)-ni = (1—A;) - k% /k*. In summing these expressions, I get the expression

in (5) evaluated at A, large, and similarly for expression (6).
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Let me now turn to deriving steady-state solutions for k%/k* and k* (given in expres-
sions (7) and (8)). Consider the necessary conditions associated with profit maximization for
the private enterprise in sector s = x. These conditions include that the private enterprise

set its marginal product of capital equal to r:
(18) (1 =72) po-y -y~ A (K- (14 g) )7 =

Using k2, /(1+ g)* - nk, = k*, I find that this equation gives k* as a function of the two values
(1 —7%) and r*/p.
The term r*/p can be calculated from the household’s problem. A necessary condition

for utility maximization is

0

Pat - ()" = B+ (cexr) ™ - [revs + pugsr - (1= 6)).

Using steady-state conditions ¢; = ¢* - (1 + g)* and pyt = papi1, | have

* 1 (%
T_* = ﬂ —(1-6).
Py g
The term (1 —77) can be calculated from two necessary conditions. The first condition

is that taxes equal subsidies; namely,
To Do T = Og - P - T4.

Using the expressions for 2y and ¥ above, I can write this condition as

T:E AL’B : :ug

Oz (1 - )\m) * My .
Next, in order for both firms in the x sector to produce, and that there be market clearing,

it must be that

(L=7a) by = (L4 05) - g
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Solving these last two equations above, I get ¢ and 7%, and it is easy to show that (1 —77%) -
ty =Tp = Az pg+ (1= Ag) - 1)

Substituting these expression for (1 —7}) - u, and 7*/p} into equation (18), I can solve
for k* as a function of 77, which is the expression given in equation (8) in the text evaluated
at A\, large.

Next let me calculate k/k*. Take the expression in (5) for x; and the steady-state
condition k; = k* - (1 + g)'. Substitute both into the law of motion for capital, k., =
(1 —6) - k¢ + ¢, and rearrange the expression to yield equation (7) in the text.

Consider next the steady-state price pi. A necessary condition for both the private

x-sector and c-sector firms to produce, and there be market clearing, is that
(L= 7) Doty As = (1= 70) - iy - Ae

Using (1 —77%) - pt, = Ty = (As - ptg + (1= A5) - p1,), I can solve this equation for p, as a function
of 7, and 71, which is the expression (9) given in the text evaluated at A, large.

Next suppose that A\, = 0. In this case, 0% = 75 = 0. To calculate the steady state
in this case, the technologies in equation (1) are used. One can show that the steady-state
paths for ¢, s, and p, in this case are given by the expressions (5), (6), (7), (8), and (9)
evaluated at A, = 0.

Let me now consider how other tax and subsidy schemes would change the steady-
state paths given in (5), (6), (7), (8), and (9). Note that in deriving expressions (5) and (6)
above, I did not use any details of the tax and subsidy scheme. Expressions (5) and (6) do
not depend on the scheme. The other expressions do depend on the particular scheme. Let

me discuss a few other schemes.
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One scheme is to tax the private firm in the investment sector (and not subsidize
the government enterprise) and return these taxes lump sum to households. In order for a
steady state with both government and private production to exist, the tax rate 7, must be
set so that (1 —7,) - p, = p,. Examining equation (18), one sees that k*in this case can
be found by substituting p, for 77, in expression (8) when A, is large. Under this scheme,
increases in government production of investment goods lead to a greater decrease in aggregate
productivity as compared to the scheme in the text.

Another scheme is to subsidize government production in investment goods (and not
tax private production) and tax households lump sum to pay for it. In order for a steady
state with both government and private production to exist, the subsidy rate o, must be set
so that (1+ 0,) -, = p,- In this case, k*is found by substituting y,, for 77, in expression
(8) when )\, is large. Under this scheme, increases in government production of investment
goods lead to a smaller decrease in aggregate productivity as compared to the scheme in the
text.

Is the decrease in productivity very different across these three financing schemes?
The differences depend in large part on how different 4, and p, are from each other. If they
are a similar magnitude, then the differences are small.

Another type of scheme would be to subsidize public firms and raise revenues for the
subsidies by taxing earnings on capital rentals. In this case, the tax on capital earnings would

change the household’s budget constraint. The equilibrium interest rate would also change.

This type of scheme may lead to the biggest decrease in productivity.
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Table 1

Government Share of Manufacturing Output

Intermediate and Capital-Goods Industries

Egypt (1966-67) Taiwan (1954) Turkey (1968)
Government Government Government

Share of Industry Share of Industry Share of Industry

Industry Share of Industry Share of Industry Share of
Industry Output Manufacturing Output Manufacturing Output Manufacturing
Chemicals 94.0 10.8 62.8 8.6 16.8 5.1
Petroleum 100.0 4.4 93.2 5.1 98.1 11.9
Nonmetallic 65.0 4.3 0.0 4.6 30.6 5.2
minerals
Basic metals 94.0 3.4 55.2 4.1 88.2 9.8
Metal products 51.0 4.3 65.0 1.4 45.7 2.9
Machinery 75.0 1.1 43.2 0.9 14.9 2.6
Electrical 90.0 3.0 0.0 0.9 1.9 1.9
equipment
Transport 59.0 2.7 36.6 0.5 50.0 35
equipment
Weighted Average 81.9 40.7 61.2

Sources: Egypt—Mabro and Radwan (1976); Taiwdndustry of Free ChinaTurkey—Walstedt (1980).



Table 2

Domestic Production and Imports of Investment Goods

As Share of Investment Spending

Egypt Turkey
(1966-67) (1958)
Percent Percent
of of
Investment Investment

Spending Spending

Domestic Production 80.0 77.0

Imports 20.0 23.0
Intermediate Goods — 5.0
Capital Goods — 18.0

Sources: Egypt—Hansen and Nashashibi (1975); Turkey—Krueger (1974).

A dash (—) denotes not available.



Table 3

Private TFP Relative to Government TFP

Intermediate and Capital-Goods Industries

Egypt Turkey

Industry 1970 1980 1963 1976
Chemicals 1.534 2.237 2.519 1.965
Petroleum — — — 1.183
Nonmetallic Mineral Products 2.008 4.255 .873 1171
Basic Metal Products — — 1.342 3.774
Metal Products 1.229 1.684 2.703 3.021
Machinery 4.525 2.193 .596 .920
Electrical Machinery 991 .749 1.953 4.651
Transport Equipment — — 3.425 3.623
Average 2.057 2.224 1916 2.539

Sources: Egypt—Handoussa (1991); Turkey—Krueger and Tuncer (1980).

A dash (—) means not available.



Table 4

Private Labor Productivity Relative to Government Labor Productivity

In Various Investment-Good Industries

Relative
Labor Productivity:

Private (In Countries

Private (Indonesia) Adjoining Indonesia)
to to

Industry Output Measure Government (Indonesia) Government (Indonesia)
Rubber Physical 2.558
Palm Oil Physical 2.660
Cement Physical 6.024
Fertilizer Physical 4.329
Construction Sales

Contractors 1.057

Engineers 1.176

Architects 2.252

Source: Funkhouser and MacAvoy (1979).



Labor Productivity of Country With No Government Production of Investment Goods

Divided by

Table 5

Relative Aggregate Labor Productivity:

Labor Productivity of Countries With Various Government Shares of Investment-Goods Output

Private TFP
(In Country With
Government
Production)

Private TFP
(In Country With
Government
Production)

A. Government Share of Investment-Goods Output =

1.00
Private TFP
(In Country With No Government Production)
1 15 2 2.5 3 4
1 1.31 1.57 1.80 2.00 2.35
B. Government Share of Investment-Goods Output = .75
Private TFP
(In Country With No Government Production)
15 2 2.5 3 4
1 1.31 1.57 1.80 2.00 2.35
1.5 1.24 1.49 1.71 1.90 2.24
2 1.45 1.66 1.85 2.18
2.5 1.63 1.82 2.15
3 1.80 2.12
4 2.09




