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The Relationship Between Production Inputs, Factor Substitution, and
Economic Growth?

Uretim Girdileri, Faktor Ikamesi ve Ekonomik Biiyiime Arasindaki lliski

Abdulmecit YILDIRIM®

ABSTRACT

OZET

Factors of production and elasticity of substitution play an
essential role in economic growth accounting. Although
production functions with constant elasticity of substitution
between factors are more commonly utilized in growth
accounting, studies based on production functions with
variable elasticity of substitution are also conducted. Since
production functions with variable elasticity of substitution
provide more flexibility in parameters, they are more
advantageous than other production functions. Besides,
most studies focus on the elasticity of substitution between
capital and labor. Studies on the sub-components of
production factors are relatively few. In this study, capital
stock is analyzed by dividing it into two subcomponents as
public capital stock and private capital stock. The empirical
results, in general, show that the elasticity of substitution
between the public capital stock and the private capital
stock is less than unity. In this context, public and private
capital stock can be expressed as complementary inputs
in the final production of goods and services. As a result,
public expenditures on infrastructure can boost economic
growth by raising the efficiency of private investments.

Uretim faktorleri ve ikame esnekligi ekonomik biyiime
muhasebesinde 6nemli bir rol oynamaktadir. Blylme
muhasebesinde faktorler arasindaki ikame esnekliginin sabit
oldugu Uretim fonksiyonlari daha sk kullanilsa da
esnekliginin deg@isken oldugu Uretim fonksiyonlari da temel
alan galismalar mevcuttur. Degisken ikame esnekligine sahip
Uretim fonksiyonlarinin parametrelerde daha fazla esneklik
sagladigi icin diger Uretim fonksiyonlarina goére daha
avantajlidir. Bunun yaninda, ¢alismalarin cogu sermaye ile
emek arasindaki ikame esnekligine odaklanmaktadir. Uretim
faktorlerini olusturan alt bilesenlere iliskin yapilan galismalar
gorece azdi. Bu galismada toplam sermaye, kamu sermaye
stoku ve 6zel kesim sermaye stoku olarak iki alt bilesene
ayrilarak incelenmistir. Ampirik sonuglar genel olarak kamu
sermaye stoku ile 6zel kesim sermaye stoku arasindaki
ikame esnekligini birden kiguk oldugunu géstermektedir. Bu
baglamda, kamu sermaye stoku ile 6zel kesim sermaye
stoku nihai mal ve hizmet Uretiminde tamamlayici girdiler
olarak ifade edilebilir. Dolayisiyla, 6zellikle alt yapiyi
iyilestirmeye doénuk kamu vyatirmlar 6zel yatinmlarin
verimliligini  artirarak  ekonomik  blylUmeyi  olumlu
etkileyebilir.
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1. Introduction

In recent years, there has been a growing debate on the effects of public capital on economic
growth. It is generally considered that resource allocation in the public sector is less effective.
This is, in part, due to the fact that the excessive weight of the public sector in the economy may
disrupt the efficient distribution of resources, thus impeding economic growth. On the other hand,
many developing countries in the 1980s, which were in debt, intended to balance public and
private investments with structural adjustment programs (SAPs). This situation requires that the
total capital should be divided between public capital and private capital, and these two inputs
should be treated as two different production factors.

Although the effect of public spending on private capital accumulation and output has been
discussed for a long time, it is hard to say there is a common consensus about the relationship
between public spending, private capital, and output. Some studies argue that public capital has
a positive influence on private capital accumulation and output (Agenor & Moreno-Dodson, 2006;
Aschauer, 1989a, 1989b; Lynde & Richmond, 1992; Nazmi & Ramirez, 1997; Otto & Voss, 1996;
Sanchez-Robles, 1998). Some other studies (Holtz-Eakin, 1994; Tatom, 1991) could not find a
statistically significant relationship between public spending, private capital, and output.
Moreover, there are studies such as Voss (2002) that find the crowding-out effect of public capital
on private capital accumulation and output.

The elasticity of substitution between factors of production is explored in this study by
distinguishing between public and private capital stocks. Data for 91 countries over the period
1980-2011 is utilized. Countries are classified based on their income levels and the technology-
intensive products exported. First and foremost, the link between production variables and growth
is investigated in the context of Cobb-Douglas, CES, and VES production functions. The data on
the elasticity of substitution produced by Yildirm (2018) using the VES type production function
is then utilized to investigate the link between GDP and elasticity of substitution descriptively.

2. Capital Stock and Economic Growth

According to  Aschauer (1989b), public capital affects private capital accumulation from two
different channels. First, high public investments may increase public capital accumulation,
leading to an equivalent reduction in private capital. Second, public investments generate
crowding-in effects on private capital accumulation by increasing the marginal productivity of the
private capital stock. Aschauer (1989b) advocates that the second effect will dominate the first,
and therefore an increase in public investments will also increase private capital accumulation.

Figure 1 depicts the relationship between real GDP, public and private capital stock. As seen from
Figure 1, most countries are clustered towards the lower-left corner of the plot. This indicates that
the public and private capital stock are relatively close at the low level of real GDP. The correlation
between real GDP and capital stock is stronger for private capital stock. Moreover, at the high
level of real GDP, private capital accumulation distinctly diverges from public capital stock.
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Figure 1. Real GDP and private-public capital stock (billion $)

Public capital, particularly infrastructure investments, can be seen as an essential determinant of
long-run growth as it acts as an essential complement to private sector capital (Dessus & Herrera,
2000). Makuyana & Odhiambo (2016) state that public investments in the form of infrastructure
(education, airports, highways, roads, power generation, and distribution facilities, etc.) often
increase the marginal productivity of private capital. The existence of this basic infrastructure in
an economy can reduce the costs of firms operating in the private sector, leading to new private
capital accumulation and economic growth. Therefore, the optimal allocation of capital between
the public sector and the private sector is fundamental. The degree of elasticity of substitution
between public capital and private capital plays an important role in this optimal allocation. For
this reason, it is important for policymakers to know whether public capital and private capital are
substitutes or complements for the effectiveness of policies. Hence, before specifying economic
policies, the degree of elasticity of substitution between factors of production should be
determined.

Even though many studies have explored the growth-enhancing role of public and private capital
accumulations ( see, for example, Atukeren, 2005; Bucci & Bo, 2012), empirical studies suffer
from controversial and conflicting results. In other words, the interaction between public and
private capital stock depends on the period, sample selected, and technology used for final output
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production. Therefore, country-specific conditions should be taken into account when
determining policies
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Figure 2. Private-public capital and real GDP by income groups and export structure (billion $)

Figure 2 illustrates the relationship between real GDP, public and private capital stock for different
country classifications. The private capital stock in high technology exporter countries (HEX) is
much higher than public capital stock. When we consider country classification by income, private
capital stock is greater than public capital stock in high-income countries (see Figure 2, right
panel). This indicates that as the country becomes richer, the weight of the private sector
increases. However, this is not the case for high-income non-OECD countries, which are heavily
dependent on oil revenue.

3. Production Function and Elasticity of Substitution

In growth models, production functions such as constant elasticity of substitution (CES) and
variable elasticity of substitution (VES) are used to express the production process in the
economy. Arrow et al., 1961) emphasize that it is important to know the elasticity of substitution
between the factors of production, indicating that the growth process depends on the value of
elasticity of substitution. The concept of elasticity of substitution used in growth models refers to
the ease of substitution of inputs used in production. However, most of the studies investigating
the dynamics of economic growth are based on the Cobb-Douglas type of production functions (
see, for example, Aschauer, 1997; Dessus & Herrera, 2000; Solow, 1956). Such production
functions represent a process in which the elasticity of substitution between factors of production
is equal to one. Later on, CES type production functions which assumed that the elasticity of
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substitution between production factors is a constant value, which is less than or greater than one,
has been extensively used in many theoretical or empirical models ( see, for example, Arrow et
al., 1961; Miyagiwa & Papageorgiou, 2003; Young, 2013).

It is necessary for economies to be able to substitute public capital with other production factors
to achieve sustainable growth and development. This is related to the ease of substitution between
production factors. The elasticity of substitution between public capital, private capital, and other
inputs of production is generally considered to be either one (Cobb-Douglas production function)
or constant (CES production function) in the theory of economic growth. However, with the
economic liberalization, the growing weight of the private sector in the economy does not make it
possible to have a constant elasticity of substitution between public and private capital. Therefore,
it is better to express the interaction among public capital, private capital, and other production
factors with a production function that allows for non-constant elasticity of substitution.

Standard growth models such as Solow (1956) can explain how different combinations of inputs
affect economic growth under the assumption of constant elasticity of substitution (CD or CES).
Yet, they are insufficient to describe a change in the elasticity of substitution that increases or
decreases economic growth. If we drop the assumption of traditional constant elasticity of
substitution (CES), a change in the degree of substitutability between public capital and private
capital may affect economic growth.

The VES type production functions assume that, unlike the standard Cobb-Douglas or CES
functions, the elasticity of substitution between the factors is not constant. The production
functions with the variable elasticity of substitution property were first used by Revankar (1971)
and Sato & Hoffman (1968). Following that, a number of researchers contribute to the relevant
literature. Karagiannis et al (2005) examined the elasticity of substitution between capital and labor
in the framework of VES production function. Lazkano and Pham (2016) developed the model
used by Karagiannis et al. (2005) in the context of substitution elasticity between capital and
energy.

The VES type production function is more advantageous than other production functions as it
provides more flexibility in parameters. The standard Cobb-Douglas production function used in
many studies lacks this flexibility since the elasticity of substitution in Cobb-Douglas production
function is equal to one. Therefore, the relative shares of production factors are constant. On the
other hand, the production function with constant elasticity of substitution (CES) is also frequently
used in the growth literature. Although compared with Cobb-Douglas functions, CES functions
place relatively few constraints on the parameters, but it is not as flexible as the VES functions.

4. Production Inputs and Elasticity of Substitution

The most fundamental factor determining the direction and degree of the relationship between
public investments, private capital accumulation, and output is the elasticity of substitution. Public
investment expenditures can facilitate private capital accumulation and thus affect economic
growth positively. For example, if the production factors are gross complement, a higher stock of
public capital in the form of infrastructure may positively affect the production inputs such as labor,
private capital, and energy. As a result, the unit cost of production is reduced.

All of the models that investigate the growth process, even being implicit, take the elasticity of
substitution into consideration. This situation indicates that the elasticity of substitution is
important in the theory of economic growth. First of all, the elasticity of substitution is one of the
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determinants of the level of development. Klump and de La Grandville (2000) state that a higher
elasticity of substation leads to not only a higher growth rate of income per capita but also a higher
steady-state value of income per capita. Moreover, they conclude that the success of the growth
miracles in East Asia countries was not necessarily due to high saving rates and technological
progress. The primary reason was the higher elasticity of factor substitution. Second of all, the
elasticity of substitution affects the speed of convergence between countries. Klump and Preissle
(2000) argue that if capital stock is relatively scarcer than labor input, higher elasticity of
substitution may raise the speed of convergence. Third of all, the elasticity of substitution may
change the saving behavior of households during the transition period, which in turn affects capital
accumulation. Smetters (2003) investigate this fact within the framework of Ramsey-Cass-
Koopmans growth model. The results show that if the elasticity of substitution between capital and
labor is below unity, the saving rates decrease monotonically. This situation is reversed when the
elasticity of substitution is greater than unity. Finally, the elasticity of substitution can influence the
income distribution in an economy. Hicks (1932) argues that the elasticity of substitution among
production factors is the only determinant of changes in the relative share of production factors.
According to Getachew (2009), this argument of Hicks provides a solution to the income
distribution problem. In other words, whether the public sector influences the income distribution
dynamics depends on the elasticity of substitution between public and private capital.

Figure 3 shows the relationship between the average elasticity of substitution between public and
private capital stocks calculated by the VES production function and real GDP. It can be observed
that the elasticity of substitution and real GDP have a positive relationship. A higher elasticity of
substitution between production inputs leads to a higher level of GDP.
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Figure 3. The elasticity of substitution and GDP
Source of Data: Yildirm (2018)
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The balanced use of the public and the private component of the total capital stock allows less
developed countries to reduce inequality in income distribution (Getachew, 2009). The interaction
between these two components of the capital is essential since, regardless of the technology used
for good production, the degree of complementarity/substitutability between private and public
capital is the primary determinant of optimal growth (Bucci and Bo, 2012).

Empirical studies reveal that the relationship between public capital and private capital varies over
time and across countries. In some sectors and countries, the public capital and private capital
are complements, while in other sectors and regions, these two factors of production are
substitutes. One reason for these conflicting empirical results can be explained by the reduction
of the state's weight in the economy and by the private sector filling this vacated field. However,
most of the previous studies have focused mainly on the assumption of the existence of a constant
elasticity of substitution between production inputs.

While Barro (1990), Aschauer (2000) Glomm and Ravikumar (1997) have shown that there is a
non-linear relationship between public capital and economic growth, according to Aschauer
(1998), much of the literature is based on the assumption that there is a linear relationship
between public capital and economic growth. Within this context, the elasticity of substitution
between public capital, private capital, and other inputs may be investigated with the help of the
non-linear estimation method under the framework of the VES production function.

5. Factor Substitution and Growth Nexus

The relationship between input and output in the production process is represented by the
production functions. Whether a production process is optimal or not is closely related to how
much output is obtained from inputs used. The main objective here is to specify a feasible input
composition that maximizes the output in final production. The elasticity of substitution plays a
significant role in determining the optimal input composition.

In the growth models that make it easier to understand the dynamics of the growth process, capital
and labor are used as fundamental inputs. Besides these two primary inputs, other factors (such
as public capital, human capital, and energy) that affect the growth process have become the
center of interest for many researchers. Various nested CES and VES production functions have
been developed to investigate the relationship between inputs and production (Lazkano & Pham,
2016; Zha & Zhou, 2014)

The elasticity of substitution plays a significant role between production inputs and growth. The
degree of elasticity of substitution between production factors gives information about whether
inputs are substitutes or complements. Therefore, having knowledge about the elasticity of
substitution is essential for policymakers. For example, the knowledge about the elasticity of
substitution may be crucial for the determination of tax policy in manufacturing industries.

Although capital stock plays a key role in economic growth, it may not be sufficient to explain the
growth process alone. The sub-components of the capital stock need to be examined. In this
context, examining public and private capital as two distinct inputs of production may shed light
on better understanding the growth process. At this point, it is quite natural to think that whether
public and private capital are substitutes or complements. The knowledge about the elasticity of
substitution among production factors may give an answer to this issue.

Figure 4 depicts the relationship between inputs and total production for various elasticity of
substitution levels. If the elasticity of substitution is greater than unity, the inputs can be easily
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substituted for each other, whereas if it is less than one, they are complementary. When the inputs
are complementary, the scarce input plays an important role in determining the production level.
If the inputs are substitutes, abundant and low-cost inputs can be used more extensively in the
manufacturing process. As a result, output rises, and prices fall.
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Figure 4: Elasticity of Substitution and the Aggregate Output
Source: Griffin and Steele (1986 p.19)

5. Conclusion

It is important to identify the elasticity of substitution among the factors of production and to take
this into consideration in the socio-economic policy to be implemented by policymakers. The
elasticity of substitution among the factors directly affects the results and the effects of policies.
For instance, in an economy where labor and capital are used as inputs, assuming that capital
stock is increasing, the marginal productivity of the capital will decrease faster if the elasticity of
substitution between these two inputs is low. Investment incomes will be directly affected by this
situation. Therefore, the elasticity of substitution is so important that it cannot be neglected in
economic growth accounting.

As Getachew (2009) points out, if the elasticity of public capital to substitute private capital is
greater than one, an investment in public capital will increase the relative share of public capital
in production and reduce the relative share of private capital. This will have a corrective effect on
income distribution if the aim is to improve the living standards of the individuals in the low-income
groups. However, if the elasticity of substitution is lower than unity, an increase in public capital
will increase the share of private capital, which may have a detrimental effect on income
distribution.

It is highlighted in the literature that public investment, particularly infrastructure investment, may
boost private investment. Public investment intended to improve infrastructure facilities may
improve the efficiency of private capital. This in turn may create private investment opportunities.
Hence, a rise in the public capital stock leads to an increase in private capital investments. As a
result, via correctly targeted public policies, the favorable contribution of private capital stock to
economic growth and its sustainability will be achievable.

In sum, it is important to determine the optimal factor composition in final output production. If it
is correctly specified, the elasticity of substitution may help to choose the optimal composition of
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inputs. Therefore, the selection of production functions is important. A production function that
put fewer restrictions on the parameters may be an important step to investigate the production
process. VES type production functions can be a good candidate to analyze the relationship
between production inputs and the elasticity of substitution.
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