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Contributions of Public Investment to
Economic Growth and Productivity®

By SUNGMINHAN™

Whereas a large variety of previous studies show mixed results
regarding the relationship between public investment and economic
outcome, several studies have been conducted on related issues in
Korea. The present study deals with the effect of public investment in
Korea on economic growth and productivity. Using administrative
data, it exploits three different methodologies: the total factor
productivity approach, production function approach, and stochastic
frontier production function approach. The results of this study show
that public investment has a statistically significant effect on economic
growth. However, it contributes little to enhance productivity. It is
explained that there exists inefficiency of production in the Korean
economy. These findings indicate that public investment has played a
central role in the direct input factor and not in indirect role in Korea.
Thus, it is necessary for public investment policies to concentrate on
enhancing the efficiency of the Korean economy.
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1. Introduction

Since the 1970s, the Korean government has steadily made much effort to
enhance the economy. Above all, the effort to expand public investment has
been recognized as one of the key factors that led to the remarkable economic
growth which occurred in Korea. The annual growth rate of fixed assets
consequently exceeded 10% until the 1997 Asian financial crisis and afterwards
recorded 5%. This leads to the questions of how much public investment affected
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economic growth and productivity in the Korean economy and whether these
effects of public investment differ over time or by sector?

There has been long-standing debate over the role of public investment. It is
commonly known that public investment promotes national economic growth,
improves productivity, and contributes to the long-term development of nations as
a productive factor in an economy. A large variety of previous studies, however,
show mixed results regarding the relationship between public investment and
economic outcome. These studies begin with questions about how much public
investment contributes to economic growth, productivity and production cost
reductions and investigate the differences in the productivity of public investment
by sector, region or country (Aschauer, 1989; Hulten and Schwab, 1991; Holtz-
Eakin, 1994; Evans and Karras, 1994; Bonaglia et al., 2001; A. Warner, 2014a).
The underlying questions in these studies refer to the role of public investment and
to the path by which it influences economic growth and improves productivity.

The role of public investment is in general twofold. As a direct element of
production such as labor and capital, it can increase economic output. It can also
play an indirect (or intermediate good) role to reduce inefficiency and transaction
costs during the production process, with externalities (Kim and Kim, 2008; Lee,
2008). In other words, through different attributes of public investment, economic
growth can be achieved by increasing input factors such as capital and labor as
used for production or by improving efficiency overall. Thus, when analyzing the
relationship between public investment and economic growth, it is crucial to
separate the role of public investment.

For this reason, a large number of previous studies attempt to isolate the direct
and indirect impacts of public investment. To observe the direct impact, output
elasticity or marginal productivity is normally estimated with data on the real GDP
of the country in question, or the output of private firms is assessed through a
production function approach. Kim and Song (2013) analyze the marginal
productivity of SOC capital stock by sector, including roads, railways, electricity
and communication, and water supply and sewerage with administrative data from
1970 to 2014. The marginal productivity of each sector showed a decrease from
0.93 to 0.32 for private capital, from 0.8 to 0.15 for roads, from 1.5 to 0.5 for
railways, from 0.8 to 0.26 for electricity and communication, and from 1.9 to 0.47
for the water supply and sewerage category. This implies that investment in the
road sector is oversupplied while that in the water supply and sewerage sector is
lacking. Shioji (2001) uses the convergence approach to analyze the effect of
economic growth on the types of public capital in the US and Japan, reporting that
the output elasticity of public capital ranged from 0.1 to 0.15.

On the other hand, the indirect impact of public investment can be estimated
through a total factor productivity approach. Hulten and Schwab (1991) argue that
the relationship between the growth rate of total factor productivity and public
capital is limited. Aschauer (1989) reports that the output elasticity of public capital
is 0.35, implying that public capital is closely related to productivity. On the other
hand, Holtz-Eakin (1994) studies the influence of the accumulation of public
capital on private firm productivity for 48 states in the United States. They report
that it has a negative impact on private firm productivity, which means that there
is little benefit related to productivity beyond direct supply (Evans and Karras,
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1994). Bonaglia et al. (2001) analyze the effect of public infrastructure investment
on total factor productivity, productivity and cost reductions using regional data
from Italy from 1970 to 1994. It was reported that the effect of public investment
varies by region. Overall, investment in public transportation, especially railways
in the northern area and roads in the central-south region, largely contributes to an
improvement in productivity. In Korea, Choi et al. (2012) analyze the productivity
of public capital and the efficiency of spatial allocation by comparing the situation
before and after decentralization. They report that the efficiency of spatial
allocation worsens because public capital is oversupplied as compared with private
capital after decentralization. It is interpreted that resource allocation is shifted
from efficiency to equity. Lee (2008) emphasizes the classification of the effect by
the production input factor and productivity in analyzing productivity. He claims
that the most effective element to improve total factor productivity is to increase
the economy of scale of firms.

As mentioned above, the results differ, with different findings showing a positive
or negative relationship between public investment, productivity and economic
growth. The main causes of these mixed results are discussed below. First,
obtaining reliable data of public capital stock is limited. Second, the characteristics
of the regions or countries in question are heterogeneous. Third, there are
econometric issues, such as an endogeneity problem. It is thus an interesting
challenge to take into account these issues when analyzing the effect of public
investment.

In the past, it was generally true that the Korean government made great efforts
to expand public investment to improve the efficiency of resource allocation.
However, some doubts about the effectiveness of this strategy have been raised.
The growth rate of total factor productivity in the manufacturing sector has
continuously decreased since the 2000s (Korea Productivity Headquarters, 2013).
Moreover, it was reported that the marginal productivity of SOC capital stock fell
by more than 60% in 2013 compared to that in 1970 (Kim and Song, 2013).
However, such phenomena are not limited to Korea. Productivity in most Asian
countries is decreasing. It is often interpreted that the main cause of economic
growth in Asian countries is not due to improvements in productivity but to
increases in production input factors. Krugman (1994) warns that low productivity
functions as a threat to economic growth in the future.

Although the ongoing debate about the role of public investment has not yet
drawn concrete conclusions, it nonetheless concentrates on how to improve the
economic growth and productivity of the country through public investment in the
long run. It is clearly a question that should be asked regarding the Korean
economy. Thus, at this point in time, it is judged that presenting a clear answer to
this is important.

In this study, I examine how much public investment contributes to productivity
improvements and to economic growth in the Korean economy. To investigate
these effects, I use unique administrative data thus far unused in previous work,
except for one study, and discuss econometric issues to overcome the problems
which arose in previous studies. This may secure the reliability of the results. The
main contribution of this research is that it considers various forms of public
investment, such as R&D and human capital stock as well as SOC stock. Previous
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studies in general focus on only SOC stock in their analysis of the effect of public
investment. This approach only provides implications regarding how SOC capital
stock affects economic outcomes. It will make it difficult to derive implications
pertaining to the effect of public investment only with specific stocks. When we
interpret public investment in a broad sense, public capital encompasses
transportation assets, equipment assets, R&D assets and human assets as well.
Thus, this study examines the effect of public investment overall by sector to
derive more general implications. Moreover, to ascertain the effects of public
investment on economic growth and productivity, three different methodologies are
used. Through these analyses, this study attempts to find evidence that public
investment improves productivity. If not, these causes are investigated. Finally, the
study suggests implications regarding future direction of public investment for
productivity improvements.

The remainder of the paper is as follows. Section II explains the conceptual
framework of the role of public investment. Section III introduces data and
methodology utilized for empirical analysis. Section IV presents the analysis
results, and finally in Section V, it provides conclusions and future direction of
public investment in Korea.

II. Theoretical Framework

In this study, public investment is defined as investment in public infrastructure,
transportation facilities, machinery facilities, R&D and education. Each capital
stock is utilized in the empirical analysis. The aim of this chapter is to see how
each public investment affects economic growth and productivity. This can be
explained as the role of public investment.

In general, the role of public investment can be divided into direct and indirect
influences. A direct impact means that public investment acts as a direct component
of production, such as labor or capital, and that it has a direct effect on production.
The indirect impact is that it increases productivity by reducing inefficiency or by
lowering transaction costs during the production process with externalities. This
type can be explained by a general production function. Based on the Cobb-
Douglas production function, the growth rate of TFP is derived (Hulten and
Schwab, 1991).

(1) A=0-aL-BK

Here, A4 isthe TFP growth rate; Q is the output of the economy, which
is the real GDP; L and K are labor input and private capital stock;
O, L, and K are the growth rate of each variable, respectively; and
a, and f, correspondingly denote the labor and capital share. Although an

economy in a country is also affected by public investment, in equation (1),
public investment by the government is excluded. It is impossible to
examine the role of public investment. Thus, it is necessary to transform the
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production function on the assumption that public investment directly or
indirectly affects economic growth (Q=A(KG)F(L,K,KG)). Here, KG

is public investment and KG under A4 implies the indirect effect. KG
under the function F is the direct effect as a production factor. Moreover,
A, implying technological progress or productivity improvements, can be

classified into two categories: true technology progress A and productivity
improvements due to public investment. Equation (1) is then transformed
into equation (2), as follows,

) A=0-a,L- K ~(5+7)KG,

where «, and g, are the elasticity of output, & is the elasticity of
public investment on technological progress, and y denotes the elasticity

of public investment to technological progress. If equation (2) is subtracted
from equation (1), equation (3) can be derived using the following equation
(Ferrara and Marcellino, 2000).

(3) A=A+ (g -, )L+(B - B,)K +(5+7)KG

In other words, this implies that the improvement in productivity can be
explained by the growth rate of labor input, private capital stock, public
capital stock and true technological progress, meaning that it is possible to
distinguish productivity improvement from that by true technological
progress or by an increase in capital stock. In this study, I examine the effect
of the growth rate of public investment on productivity improvement based
on equation (3). Productivity improvement by sector is also examined in
order to determine the sectoral effect. However, in the sectoral analysis, the
heterogeneity of the type of public investment may have different effects on
economic growth or productivity in a different manner. Therefore, it is
necessary to consider the characteristics of capital stock by sector in the
analysis. For example, in the case of R&D, productivity can be influenced
by direct innovations and by ripple effects through technology transfers.
Likewise, education can impact productivity depending on the level of
human capital, which leads to differences in economy growth. That is, it is
necessary to identify the paths by which the effects work on productivity or
economic growth by sector and to analyze them according to their
characteristics. In order to do this, using a structural model is more
appropriate. However, the structural interactions between related variables
have not yet been studied in depth. Theoretically, it was reported that they
are unclear (Lee, 2008). This is a limitation of this study, and additional
research is needed in this area.
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For this reason, in previous research, the differences between the paths were
adjusted to differences in time, which generally affects the analysis. For example,
Kwack and Lee (2006) conduct an analysis based on the same point in time to
examine the relationship between educational spending, R&D expenditures and
economic growth. Griffith et al. (2004) use the first-difference estimator to
ascertain the effect of R&D investment on productivity. In other words, rather than
classifying the paths of the effects by the types of public investment, as in various
studies, these studies used the difference in the time lag to determine economic
growth. The present study follows this approach.

I11. Data and Estimation Strategy

A. Data

The conventional methodology to analyze the relationship between public
investment and productivity is growth accounting. A production function approach
is used to estimate output elasticity. To this end, labor and capital inputs are used as
input factors, with real GDP used as an output factor. Relatively, labor input and
GDP data can easily be obtained, but as pointed out in previous studies, researchers
have had difficulties in obtaining reliable capital stock data in many countries.

In Korea, capital stock data were not properly constructed until 2013.
Accordingly, it was difficult for individual researchers to utilize published capital
stock data. However, since 2014, the Bank of Korea has been compiling five sets of
statistical data: national income statistics, interindustry relationship tables, money
flow tables, balance of payments statements, and national balance sheets. In the
national balance sheets, a stock account that records the capital status at a certain
point is presented, allowing more reliable data to be utilized. The capital stock data
of the national balance sheet is utilized in this study.

The national balance sheet is divided into non-financial assets and financial
assets/liabilities. The non-financial assets are divided into production assets and
non-production assets. Production assets are divided into fixed assets and inventory
assets, and fixed assets are divided into construction assets, equipment assets, and
intellectual property assets. As described above, in this study, it is important to
grasp the relationship between public investment and productivity; hence, a
definition of public investment and the division of available capital stock should be
done beforehand. I define public investment as investment related to governmental
gross fixed capital formation, and available capital stock includes only durable and
reproducible assets in the economy. In other words, according to these criteria, the
assets available for this analysis can be regarded as a group consisting of non-
financial assets, production assets, fixed assets, and construction assets; equipment
assets; and intellectual property products assets. In detail, how public capital stock
is divided is shown in Table 1.

Specifically, capital stock is divided into public infrastructure, transportation
facilities, machinery equipment, and R&D. Public infrastructure is divided into
non-residential buildings, transportation, water, electricity and communication, and
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TABLE 1—CLASSIFICATION OF PUBLIC AND PRIVATE CAPITAL STOCK

. Transportation/
Public Infrastructure Machinery Equipment
Electric ? R&D
Non- ezgécny H Transportation Non- /
residential | Transportation | Water . Automobiles except ICT
g Communi- | E . ICT
buildings . automobile
cation R
S
Public
Capital Kpub1 Kpubz Kpubs
Private Ko
Capital pri

Note: Roads, airports, railways, subways, and ports are classified as transportation facilities, and river and water
sewage are classified as water resources. Other assets include agriculture and forestry, urban civil engineering, and
other civil engineering assets.

other assets. In addition, transportation facilities, machinery and R&D assets are
classified into private capital and public capital, and public infrastructure assets are
considered only to be public capital. However, ICT assets among machinery assets
are included as R&D assets in the empirical analysis and private capital is used as
the sum of transportation facilities, machinery facilities and R&D assets.

Next, quarterly data from 1970 to 2015 are used in the empirical analysis, and
Table 2 shows the summary statistics of the data used.' In Table 2, the average
growth rate for public infrastructure among public capital stock (log level) is 0.18
to 0.25%, and that of the transportation facilities is 0.23%. The growth rate of ICT
assets is higher than that of non-ICT assets. That of R&D assets is 0.32%, which is
higher than those of the other assets in the public sector. For private capital,
transportation facility assets, [CT assets, non-ICT assets, and R&D assets grow by
0.2%, 0.55%, 0.23% and 0.37%, respectively. The data of the real GDP and labor
force population used here are from the National Statistical Office. The real GDP
growth rate is 0.16%, and the growth rate of the labor force population is 0.06%.

In the last row in Table 2, the human capital index is presented. This index is
used because educational investments form a major part of public investment, and
the difference in human capital formed by the education investment affects
economic growth and productivity. However, because information on human
capital is not presented in the data from the Bank of Korea, I use the Penn World
Table (PWT), which provides national account data for each country since 1950.
PWT data provides country-specific economic statistics for research purposes at
UC Davis in the United States.

The human capital index covered in this study is based on the average years of
education and the educational performance of individuals over 25 years old. It is
constructed according to the methodologies of Barro and Lee (1993) and Caselli
(2005). In previous studies utilizing the human capital index, Barro and Lee (1993)
use the average years of education, and Tallman and Wang (1994) divide the

'Because the data here are based on internal data from the Bank of Korea, this study reports only the growth
rate of the log variables (the difference between the previous and the current year, X, (=InX,-InX, 1), instead

of the level variable for the summary statistics.
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TABLE 2—SUMMARY STATISTICS

Mean Std. Min Max
Public Capital
Public Infrastructure
Non-residential Buildings 0.1885 0.0904 0.0684  0.3996
Transportation Infrastructure 0.2307 0.1115 0.0389  0.4406
Water Infrastructure (Stream, Water Supply and Sewage) 0.2476 0.1639 0.0051 0.7273
Power and Communication Facilities 0.2202 0.1525 0.0060 0.5253
Others 0.2032 0.1175 0.0433  0.6854
Transport Equipment 0.2303 0.1779 0.0483 0.7977
Plant, Machinery and Equipment
ICT Equipment 0.4325 0.4029  -0.1099 1.8747
Non-ICT Equipment 0.2941 0.2492 0.0434 1.0017
R&D 0.3190 0.1877 0.0585  0.7726
Private Capital
Transport Equipment 0.2074 0.1762  -0.1228 0.7658
Plant, Machinery and Equipment
ICT 0.5521 0.6886 0.0265 22121
Non-ICT 0.2334 0.1906  -0.0435  0.6921
R&D 0.3716 0.2488 0.1201 1.0855
Growth Rate of Real GDP (log) 0.1550 0.1053  -0.0846  0.4088
Growth Rate of Labor Force Population(log) 0.0609 0.0822  -0.3109  0.3335
Human Capital Index 2.855 0.485 1.977 3.594

population according to the education level. Mulligan and Sala-i-Martin (1995) use
labor income, and Kim (1997) and Shim (2000) use the educational expenditure
index. However, as in these studies, the use of the human capital index can be
problematic if only a single index is used. As mentioned above, because PWT uses
two variables to construct a human capital index, it is more suitable for this study.
It provides human capital indexes for individual countries on a scale of 0~4, and
the average of only human capital index in 144 countries is 2.1783. The average of
only human capital index in Korea is 2.855, which is 30th among 144 countries.

B. Estimation Strategy

This chapter focuses on whether public investment contributes to productivity
improvements and economic growth, and it expands the discussion on whether
there is production inefficiency in the Korean economy. To do this, I investigate the
effect of productivity improvements by resetting the empirical models based
on equation (3). I examine the effects on economic growth and productivity
through the production function and analyze the inefficiency of production through
a stochastic frontier function. Moreover, the effect of public capital stock is
investigated according to sector and time period.

Total Factor Productivity Approach

Unlike the single-factor productivity estimation method, total factor productivity
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(hereinafter referred to as productivity) is used to measure the overall efficiency of
production considering input factors overall. Technological advances that are not
included in the single-factor productivity estimation approach are included. Total
factor productivity analysis derived from residuals has an advantage in that it can
measure the overall efficiency of the production function transfer and production
process and deal with production costs, technological advances and equipment
improvements.

As shown in equation (3), the growth rate of productivity can be explained by
the growth rates of labor input, private capital stock, and public capital stock. In the
empirical analysis, | examine how the growth rates of these variables can explain
productivity improvements. Moreover, sectoral impacts are investigated by
dividing the public capital stock into the sector. First, I derive TFP through the

Cobb-Douglas production function (Y =AF (L,K )), which is generally used to

derive the growth rate of productivity.
(4) a=y—al-pk

In this equation, lower case refers to the log level, a represents productivity, y
is the real GDP, and / and k are the total labor supply and capital stock,
respectively. & and ,3 are estimates of the elasticity of labor and capital.

Next, based on the estimated productivity, I examine how the growth rate of
productivity can be explained by the growth rate of public capital stock. In order to
enable an empirical analysis, I modify equation (3) by identifying factors that may
cause productivity changes. Factors that may affect productivity growth are the
productivity level and the capital stock level of the previous year. Thus, the model
for the regression analysis considers the capital stock level and the growth rate
simultaneously (Tatom, 1991). Moreover, the time trend variable is included as a
control variable in the model. Finally, the equation for analyzing the effect of
public capital stock on productivity improvements is as follows:

J
Aat = at_l + P“bitfl kp"’bitfl + ﬂprit,l kprir—l + ﬁlt*l lt_l +
i=1
5) j
Wpub,-l Akpub” +ﬂpri, Akpri, + ﬂl, Alt + Yt + &
i=1

Here, Aa, is the growth rate of productivity between the previous year and
pertinent year, a,_, is the level of productivity of the previous year, k,, is the
level of public capital stock of the previous year, the subscripti denotes public
capital stock by sector (e.g., public infrastructure, R&D/IT, human capital), £,
is the level of private capital stock, and / and ¢ are correspondingly the labor
force population and the time trend. A(zt—t—l) refers to the rate of change

between the previous year and the pertinent year. One-year and two-year time
differences are postulated in the regression analysis.
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Production Function Approach

Next, I investigate the relationship between public investment and economic
growth using the Cobb-Douglas production function via the same methodology
used with the TFP approach. Similar to equation (5), the model includes the level
and growth rate of capital stock. As control variables, the growth rate of labor force
participation and the amounts of export variables are added because they can
directly affect the real GDP. This implies that the higher the growth rate of labor
force participation is in the economy, the greater the real GDP, and the more
exports increase, the greater the real GDP becomes.

J
Ayt = yt—l + ~ /m}lepulLl + ﬂpriH kpri,fl + ﬂemp/,1 empt—l +
i=

J

(6) ﬂepo exp, 4 + ZﬂpubAkpub + ﬂpriZ Akﬁri, + ﬂemp, Aempt +
1

i=

By, @Xp, +Yt+¢,

Here, Ay, (: V= yt_l) is the growth rate of the real GDP per capita between the
previous year and the pertinent year, y,_, is the level of real GDP per capita in the
previous year, k,, s the level of public capital stock in the previous year, the

subscript i is the public capital stock by sector (e.g., public infrastructure, R&D/IT,
human capital), k,, is the level of the private capital stock, and emp and ¢

are correspondingly the growth rate of labor force participation and the time trend.
exp denotes the export amount. A(: t—t— 1) means the rate of change between

the previous year and the pertinent year. One-year and two-year time differences
are postulated in the regression analysis.

Stochastic Frontier Function Approach

The two preceding methods can provide answers as to whether public capital
causes productivity improvements and affects economic growth. However, it is
difficult to determine whether or not the production process of the entire economy
is efficient. In order to determine whether there is inefficiency in production in the
entire Korean economy, I use the stochastic frontier function. The stochastic
frontier function approach consists of the step of estimating the parameters and the
step of measuring the efficiency of production using parameters and residuals. The
model for this is as follows (Aigner, Lovell, and Schmidt, 1977):

@) Yi :f(xi,ﬂ)'exp(vi)'exp(_ui)
Here, y; is the output variable, x; is the production input factor, exp(v;) is a

random error, the exogenous effect on the individual production unit,
and exp(—u;)(u; = 0) implies the level of technical inefficiency. In equation (7),
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the remaining part (except for exp(—ui)) indicates the stochastic production

frontier, and the technical efficiency of individual production unit is expressed by
equation (8).

_ Yi _ _
(8) TE _f(xi,ﬂ)-exp(v') _exp( ui)

Because it is impossible directly to estimate u,, 1, is generally derived via a
Cobb-Douglas production function.

k
) Iny, =g, +>8Inx; +v, -y,
J

Next, given that inefficiency implies a negative (-) factor, it is necessary to
assume the distribution of u, In general, to make wu, positive, normal-half
normal, normal-exponential, normal-truncated normal and normal-gamma
distributions are assumed. In this study, the normal-half normal distribution, often
used, is assumed. I modify the previous equation (6) to determine whether
technological efficiency exists when considering public capital stock.

yt 1 + pub;, pu prz, lkprll 1 + ﬁempH empt—l + ﬂepo expt—l +
(10)
Zﬁpub, pub,, + ﬁpn pri; + ﬂemp, Aempt + exp, exp, + 'Yt + Vi —U,

Here, all of variables in equation (10) are identical to those in equation (6)
except for the error terms assuming a normal distribution and indicating technical

inefficiency in production. The overall error term is ¢ (=v, —u,), and v, and u,

are assumed to be independent. Equation (10) can be estimated by the maximum
likelihood method (MLE),

(11) lnL——Eln27r0' +Zln[1 @(”’Iﬂ— - B.x]?

o

Where n=v-u, A=0,/0, is the ratio of the standard error of technical
inefficiency to the standard error, and the determination of technical inefficiency
depends on the statistical significance of A. In other words, if A=0,
technological inefficiency does not exist, and if A is statistically significant,
technical inefficiency exists.

*This equation is expressed for simplicity because the dependent and independent variables of y— Lo — Byx

are identical to those in equation (10).
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IV. Results

Total Factor Productivity Approach

The growth rate of TFP as derived through residuals can be estimated from
equation (4). Based on this, the trend of the growth rate of productivity (log level)
from 1970 to 2015 is shown in Figure 1. As shown in Figure 1, the rate of change
in productivity has continued to increase and decrease, but in particular, the growth
rate of productivity declined significantly in 1980 and 1998. This is the impact of
the oil crisis in 1980 and the Asian financial crisis of late 1997. However, except
for these crisis situations, the growth rate of productivity increases overall. This
raises the question of how much public investment contributes to productivity
change. To this end, | examine the effect of public capital stock and productivity on
productivity improvement through equation (5).

Although this analysis uses quarterly data, the growth rate of all variables
considered in the empirical analysis is calculated as the difference between the

current year and the previous year (At =t,—t 4) and the difference between the

current year and the two prior years (At =1, —tfg). Table 3 shows the effect of

public capital stock on the productivity improvement, as calculated from the
difference between the current year and the previous year.

Column (1) and (2) in Table 3 are the results obtained through the OLS (ordinary
least squares) method. First, in column (1), there is a negative relationship between
the level of productivity of the previous year, the level of private capital stock, and
productivity improvement, but public capital stock and the human capital index
are found to have a positive effect on productivity improvement. Moreover, the
labor input variable shows no statistically significant effect on productivity
improvement. Second, the growth rate of public capital stock is negatively

(%) 0.15 -
0.1
0.05
Growth
Rate of 0 1
Productivity
-0.05
0.1
0.15
0.2
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
(year)

FIGURE 1. THE TREND OF THE GROWTH RATE OF PRODUCTIVITY
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TABLE 3—THE EFFECT OF PUBLIC CAPITAL STOCK ON
THE PRODUCTIVITY IMPROVEMENT (ONE-YEAR LAG)

(O] @ 3 “
Productivity (a;_;) -0.870%** -0.817#%* LOGI**+ -1.065%**
(0.071) (0.073) (0.072) (0.074)
Public Capital (pub,_,) 0.188##* 0.284%%* 0.231 0217
(0.061) (0.073) (0.194) (0.193)
Private Capital (pri;_;) 0.215%% -0.288##* -0.283%* 0.279%*
(0.042) (0.050) (0.131) (0.132)
Human Capital (hc,_,) 0.565%* 1.134%%% 3.684%%+ 3.505%%+
0.238) (0.294) (1.248) (1.262)
Labor Input (I,_;) 0.018 -0.014 -0.090%+ -0.090%+
(0.032) (0.032) (0.016) (0.016)
Growth Rate of -1.095%** -1.087%** 0.264 0.263
Public Capital Stock (Apub,) (0.335) (0.335) (0.377) (0.380)
Growth Rate of 0.0831%%** 0.862%** 0.327%* 0.326%*
Private Capital Stock (Apri,) (0.114) (0.112) (0.145) (0.145)
Growth Rate of -3.802%* -4.375%** 0.324 0.167
Human Capital Stock (Ahc,) (1.565) (1.554) (2.733) (2.761)
Growth Rate of 0.114 0.241%* -0.063 -0.066
Labor Input (Al,) (0.116) (0.120) (0.055) (0.056)
(1985-2000)* Growth Rate of -0.389%** 0.052
Public Capital Stock (Dgs - Apub,) (0.124) (0.130)
(2000-2014)* Growth Rate of -0.728** 0.079
Public Capital Stock (D - Apub,) (0.304) (0.286)
Trend (t) yes yes yes yes
D — W statistics 0.581 0.722 1.961 1.957
Adj R? 0.600 0.618 0.573 0.567
N 176 176 176 176

Note: Standard errors are in parenthesis and *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

correlated with the growth rate of human capital stock, while the growth rate of
private capital stock is positive. In column (2), I use dummy variables® to examine
whether the effects of changes in public investment on productivity improvements
differ by period. The coefficients of all variables are not significantly different from
those in column (1), and the effect of public capital on productivity improvement
decreases over time. However, it is often reported that auto-correlation problems
arise in time-series data and that it is difficult to derive consistent estimates without
solving this problem. To verify this, the Durbin-Watson test is used in general. The
test results here show that the Durbin-Watson statistic values (d) are 0.653 and
0.839*, which indicates a serious autocorrelation problem in the model. Therefore, I
use the Prais-Winsten method to solve this problem. This method is used to obtain
an efficient estimator when covariance matrices are unknown when analyzing time-
series data. Estimates can be obtained using the FGLS (Feasible GLS) method,
similar to the Cochrane and Orcutt method, but the difference between them is that

*The entire period is divided into three sub-periods: from 1970 to 1984, from 1985 to 1999, and from 2000 to
2015. Table 3 includes the interaction of each time variable and the growth rate of public capital stock.

*The Durbin-Watson test statistic is obtained via Y.(¢; —et,1)2 / Z(e,)2 .
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TABLE 4—THE EFFECT OF PUBLIC CAPITAL STOCK ON
THE PRODUCTIVITY IMPROVEMENT (TWO-YEAR LAG)

(&) @ 3 @
Productivity (a,_;) -1.053%** -1.044%** -1.077%** -1.081%**
(0.074) (0.073) (0.075) (0.081)
Public Capital (pub,_,) -0.009 0.068 -0.179 -0.182
(0.098) (0.105) (0.201) (0.205)
Private Capital (pri,_,) -0.091 -0.165%* -0.193 -0.19
(0.066) (0.071) (0.146) (0.149)
Human Capital (hc,_,) 1.064%** 1.751%%* 2.683%* 2.670%*
(0.308) (0.416) (1.224) (1.302)
Labor Input (I,_,) -0.042 -0.042 -0.088* 0,088 %+
(0.038) (0.037) (0.018) (0.018)
Growth Rate of -1.750%** -1.778%*** -0.496 -0.494
Public Capital (Apub,) (0.309) (0.310) (0.390) (0.392)
Growth Rate of 0.640%** 0.640%** 0.195 0.195
Private Capital (Apri,) (0.091) (0.091) (0.138) (0.139)
Growth Rate of -3.955%** -4.861%** -0.346 -0.222
Human Capital (Ahc,) (1.133) (1.181) (2.395) (2.445)
Growth Rate of -0.023 0.037 -0.114%* -0.113%%*
Labor Input (Al,) (0.102) (0.104) (0.044) (0.044)
(1985-2000)* Growth Rate of -0.204** 0.012
Public Capital (Dgs - Apub,) (0.079) (0.073)
(2000-2014)* Growth Rate of -0.437%* 0.001
Public Capital (Dyp - Apub,) (0.176) (0.149)
Trend (t) yes yes yes yes
D — W statistics 0.453 0.530 1.737 1.736
Adj R? 0.754 0.761 0.571 0.566
N 172 172 172 172

Note: Standard errors are in parenthesis and *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

this approach does not exclude the first observation (+=1). As a result, the Prais-
Winsten method can solve the autocorrelation problem and obtain an efficient
estimator.

Columns (3) and (4) are the results of the analysis using the Prais-Winsten
method, which showed that the d-values of the Durbin-Watson test are 1.961 and
1.957, indicating that the autocorrelation problem is significantly mitigated. This
implies that the results can be trusted. In column (4), I examine the effect of public
capital stock over time using dummy variables, as in column (2), and the
coefficients of all variables in column (3) and column (4) are similar overall.
Therefore, only the results of column (4) are mentioned here.

Interestingly, after solving the autocorrelation problem, the changes in public
capital stock and the growth rate do not have a statistically significant impact on
productivity growth. On the other hand, the effect of human capital stock becomes
much greater, and the increase in labor input does not have a positive effect on
productivity improvement. In addition, the statistical significance of the growth
rate of public capital stock over time is not determined. Therefore, it is necessary to
examine whether this outcome is due to the calculation of the growth rate. This
occurs because, in general, it is suggested that public capital needs a certain period
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TABLE 5—THE EFFECT OF PUBLIC CAPITAL STOCK ON
THE PRODUCTIVITY IMPROVEMENT BY PERIOD (ONE-YEAR LAG)

1 2 3 )
Productivity (a;_;) -1.061*** -1.000*** -1.100%*** -0.985%**
(0.072) (0.144) (0.132) (0.122)
Public Capital (pub,_;) -0.231 -1.406%++ -0.851 -0.145
(0.194) (0.442) (0.592) (0.276)
Private Capital (pri,_,) -0.283%* -0.008 0.148 -0.991%**
(0.131) (0.195) (0.270) (0.401)
Human Capital (hc,_,) 3.684%%x 1.091 3.237%% 4.136
(1.248) (6.008) (1.456) (5.455)
Labor Input (I,_,) -0.090%#* 0.116%** -0.017 -0.062
(0.016) (0.029) (0.061) (0.070)
Growth Rate of 0.264 -0.346 -2.027* 0.819
Public Capital (Apub,) (0.377) (0.534) (1.030) (1.417)
Growth Rate of 0.327** 0.341 1.101%*%* 0.084
Private Capital (Apri,) (0.145) (0.209) (0.224) (0.344)
Growth Rate of 0.324 -3.387 0.626 0.485
Human Capital (Ahc;) (2.733) (5.579) (4.963) (2.175)
Growth Rate of -0.063 -0.127 0.592%* 0.648***
Labor Input (Al,) (0.055) (0.079) (0.262) (0.224)
Trend (t) yes yes yes yes
D — W statistics 1.961 1.797 1.847 1.736
Adj R? 0.573 0.542 0.793 0.694
N 176 56 60 60

Note: Standard errors are in parenthesis and *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

of time to affect productivity. Therefore, the growth rate of all variables is derived
from the difference between the current year and the two previous years, and this
analysis using equation (5) again is presented in Table 4.

The results in columns (1) and (2) in Table 4 are derived by the OLS method, as
in Table 3, and those in columns (3) and (4) use the Prais-Winsten method. In the
analysis of the rate of increase according to a two-year time lag, the results are
found to be generally similar to those in Table 3. The effects of public capital stock
and the growth rate on productivity improvement are not statistically significant,
and the signs of private capital and the labor input variable are identical. The sign
of the coefficient of the human capital stock is also the same, and statistical
significance is thus secured. In conclusion, Table 3 and Table 4 reveal that the level
of public capital stock and its growth rate do not have a statistically significant
effect on the improvement of economic productivity in Korea.

Next, in order to examine this more specifically, the time period is divided into
the periods from 1970 to 1984, from 1985 to 1999 and from 2000 to 2015. The
Prais-Winsten method is also used to solve the autocorrelation problem, as in the
previous analysis. The time lag of the growth rate is one year, and these results are
shown in Table 5.

Column (1) in Table 5 shows the results of the analysis of the entire period and is
identical to column (3) in Table 3. Columns (2), (3) and (4) are the results of
the analysis from 1970 to 1984, from 1985 to 1999, and from 2000 to 2015,
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TABLE 6—THE EFFECT OF PUBLIC CAPITAL STOCK ON
THE PRODUCTIVITY IMPROVEMENT BY SECTOR AND PERIOD (ONE-YEAR LAG)

() @ (€] “
Productivity (;-1) -1.090%#* [1.253%nx LIGoREE
(0.073) (0.130) (0.145) (0.118)
Public Infrastructure (a_,) 0.141 -1.358%** -1.261* 0.372
(0.100) (0.469) (0.640) (0.250)
R&D/ICT (tech_,) -0.139 -0.412* 0.058 0.559*
(0.101) (0.212) (0.251) (0.312)
Other Public Capital (ex_tech_;) L0 3455 -0.150* 1305 1 966;**
(0.070) (0.082) (0.897) (0.383)
Private Capital (pri,_,) -0.081 0.514%* -0.552 0.407
(0.080) (0.193) (0.427) (0.462)
Human Capital (hc,_,) 3.480%++ 4.675 -1.364 6.620
(0.733) (4.415) (3.395) (4.694)
Labor Input (l,_;) -0.089%** 0.121 %% -0.013 -0.164%*
(0.018) (0.030) (0.065) (0.071)
Growth Rate of 0.724%** 0.210 -1.560 0.218
Public Infrastructure (Aa_;) (0.342) (0.541) (0.937) (1.275)
Growth Rate of -0.359%* -0.964%** 0.566* 0.374%*
R&D/ICT (Atech_,) (0.138) (0.272) (0.323) (0.206)
Growth Rate of -
orowth -0.167 -0.154 0.545 -
Other Public Capital (Aex_tech_,) (0.110) (0.119) (0.531) 1.029
(0.338)
Growth Rate of 0.660%** 0.596%** 0.917%** 0.945%**
Private Capital (Apri,) (0.128) (0.188) (0.323) (0.341)
Growth Rate of 0.176 -7.302 -4.884 -0.400
Human Capital (Ahc,) (1.948) (4.952) (6.584) (1.566)
Growth Rate of -0.049 -0.151* 0.456* 0.573%**
Labor Input (AL,) (0.063) (0.085) (0.251) (0.193)
Trend (t) yes yes yes yes
D — W statistics 1.780 1.827 1.858 1.707
Adj R? 0.629 0.820 0.844 0.844
N 176 56 60 60

Note: Standard errors are in parenthesis and *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

respectively. These results show that public capital stock does not have a positive
effect on productivity improvement over the entire period, while human capital
stock has a positive effect on productivity improvement over the entire period. This
is consistent with previous findings which showed that the growth rate of public
capital stock does not have a positive effect on productivity growth through a
period analysis. However, if [ investigate the sectoral effect of public capital stock
on productivity improvement, the effect varies depending on the type of public
capital stock. Public infrastructure, which accounts for most public investment, and
R&D and IT stock, which have recently become more important, are analyzed to
determine the effect of each type of public capital on productivity. Similar to the
previous analysis, the Prais-Winsten method is used to ascertain the sectoral effect
by period. Column (1) in Table 6 shows the results of the analysis of the entire
period and columns (2), (3) and (4) are the results of the analysis from 1970 to
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1984, from 1985 to 1999, and from 2000 to 2015, respectively. These results are
shown in Table 6.

The growth rate of public infrastructure capital such as roads, railways, ports,
water resources, and electricity and communication has a positive effect on
productivity improvement. On the other hand, the growth rate of R&D and IT
capital stock does not show a corresponding statistically significant positive effect.
The growth rate of human capital stock is positive but not statistically significant.
However, if I divide it by period, more interesting results are obtained. Although
the positive effect of public infrastructure capital was not derived by period, the
growth rate of R&D and IT capital stock has been positively influenced
productivity growth since 1985.

In conclusion, the effect of public capital stock on the productivity improvement
is limited in the Korean economy, but there is a difference in the effect on
productivity by sector. In particular, the findings that R&D and IT capital stock
have positively affected productivity improvement since the 1990s and that human
capital has a positive effect on productivity improvement imply that in the future
these will be the most important factors when setting the directions for public
investment.

Production Function Approach

Next, I use equation (6) to examine the effect of public capital stock on
economic growth in Korea. The analysis period, the growth rate and methodology
are identical to those applied in the previous TFP approach. Prior to the analysis,
this study utilizes quarterly data, implying that we should initially investigate the
time-series characteristics of the variables included in the empirical analysis. The
unit root test can be used to verify the stability of the variables. The Augmented
Dickey-Fuller test (ADF test) is generally used for this purpose. Table 7 shows the
tau statistics, which is the ADF test result for level and differential variables.

As shown in Table 7, while the hypothesis that the levels of the variables have
the unit root cannot be rejected, the hypothesis that the first differential variables
have the unit root is rejected at the 1% significance level. This implies that the 1(1)
process will be stabilized if the first-order differential variable is utilized, and it is
appropriate to use the first-differential variables in the empirical analysis.

Table 8 presents the results after analyzing the effect of public capital stock on
economic growth using Equation (6). Columns (1) and (2) are the results of the OLS

TABLE 7—UNIT ROOT TEST (ADF TEST)

Level First Difference
Real GDP -1.341 -5.922%**
Public Capital -1.456 -4.610%***
Private Capital -2.143 -3.235%*
Human Capital -5.230%** -0.752%**

Note: *, ** and *** indicate significance at the 10%, 5%, and 1% levels, respectively.
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TABLE 8—THE EFFECT OF PUBLIC CAPITAL STOCK ON THE ECONOMIC GROWTH (ONE-YEAR LAG)

(©) @ 3 “
Real GDP -0.635%** -0.509%** -0.871%%* -0.838%**
(9dp;-1) (0.071) (0.074) (0.073) (0.075)
Public Capital 0.625%** 0.725%** 0.668%*** 0.731%**
(pub;_4) (0.074) (0.081) (0.114) (0.118)
Private Capital -0.163*** -0.281%** -0.110 -0.150*
(prie_1) (0.037) (0.047) (0.086) (0.089)
Human Capital 0.091%* -0.022 0.271%%* 0.214%%*
(hee—q) (0.036) (0.045) (0.057) (0.064)
Labor Force Participation Rate -0.144 -0.197 -0.170 -0.182
(empe_1) (0.146) (0.143) (0.176) (0.176)
Export (amount of export) 0.017* 0.025%** -0.001 -0.002
(expe—1) (0.009) (0.009) (0.012) (0.012)
Growth Rate of 0.391 0.400 0.954%%* 1.025%%*
Public Capital (Apub,) (0.282) (0.277) (0.340) (0.344)
Growth Rate of 0.612%** 0.499%** 0.493%** 0.476%**
Private Capital (Apri,) (0.115) (0.114) (0.128) (0.128)
Growth Rate of -0.213 -0.011 -0.508 -0.543*
Human Capital (Ahc,) (0.239) (0.253) (0.308) (0.312)
Growth Rate of Labor Force 0.866%** 1.086%** 0.546%* 0.540%*
Participation Rate (Aemp,) (0.220) (0.235) (0.220) (0.220)
Growth Rate of 0.061%** 0.062%** 0.036** 0.033%**
Exports (Aexp,) (0.013) (0.012) (0.014) (0.014)
(1985-2000)* Growth Rate of -0.188* -0.191
Public Capital (Dgg - Apub,) (0.105) (0.132)
(2000-2014)* Growth Rate of -1.050%** -0.532%*
Public Capital (Dy, - Apub,) (0.271) (0.279)
Trend (t) yes yes yes yes
D — W statistics 0.653 0.755 2.011 2.003
Adj R? 0.719 0.744 0.771 0.774
N 176 176 176 176

Note: Standard errors are in parenthesis and *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

analysis. Given that the d-values from the Durbin-Watson test are very low, 0.653
and 0.755, and considering that a serious autocorrelation problem occurs in the
model, the Prais-Winsten method is also applied to this analysis. The d-values of
columns (3) and (4) are determined to be 2.011 and 2.003, respectively, indicating
that the autocorrelation problem is significantly alleviated. As shown in column
(3), the level of public capital stock and the growth rate of public capital stock have
a positive impact on economic growth. In addition, the level of human capital stock
and the growth rate of exports both have a positive impact on economic growth.
Column (4) presents the results of the effect of public capital stock on economic
growth over time. The coefficients in column (4) are nearly identical to those in
column (3) and the growth rate of public capital stock is shown to decrease in the
2000s.

Similar to the previous analysis, these results can be argued considering that the
effects of public capital on economic growth may occur at a certain time lag. Thus,
in order to observe whether the results in Table 8 are due to the calculation of the



VOL. 39 NO. 4 Contributions of Public Investment to Economic Growth and Productivity 43

TABLE 9—THE EFFECT OF PUBLIC CAPITAL STOCK ON
THE ECONOMIC GROWTH (TWO-YEAR LAG)

(O] @ 3 “
Real GDP -0.959%*** -0.802%** -0.943%%* -0.958%**
(g9dp;-1) (0.088) (0.093) (0.077) (0.080)
Public Capital 0.964%*** 1.014%** 0.604%** 0.658%**
(pub,_,) (0.095) (0.121) (0.158) (0.168)
Private Capital -0.191%** -0.321%** -0.002 -0.033
(prie_1) (0.056) (0.086) (0.116) (0.120)
Human Capital 0.083* -0.004 0.308%** 0.298%**
(hce—q) (0.049) (0.061) (0.081) (0.084)
Labor Force Participation Rate 0.099 -0.045 -0.067 -0.094
(emp_1) (0.207) (0.215) (0.213) (0.215)
Export (amount of export) 0.041%%* 0.044*** -0.005 -0.005
(expe—1) (0.013) (0.013) (0.015) (0.015)
Growth Rate of Public Capital 0.139 0.103 0.400 0.422
(Apub,) (0.283) (0.313) (0.342) (0.348)
Growth Rate of Private Capital 0.450%** 0.337%** 0.321%** 0.313%*
(Apriy) (0.105) (0.114) (0.129) (0.130)
Growth Rate of Human Capital 0.180 0.442* 0.290 0.280
(Ahcy) (0.228) (0.261) (0.271) (0.276)
Growth Rate of Labor Force 0.580%* 1.060%** 0.529%* 0.556%**
Participation Rate (Aemp,) (0.243) (0.263) (0.235) (0.237)
Growth Rate of 0.051%%* 0.054%** 0.035%* 0.033%**
Exports (Aexp,) (0.015) (0.014) (0.015) (0.016)
(1985-2000)* Growth Rate of 0.001 -0.014
Public Capital (Dgs - Apub,) (0.079) (0.066)
(2000-2014)* Growth Rate of -0.535%* -0.152
Public Capital (Dyq - Apub,) (0.230) (0.165)
Trend (t) yes yes yes yes
D — W statistics 0.529 0.566 1.718 1.731
Adj R? 0.774 0.792 0.841 0.839
N 172 172 172 172

Note: Standard errors are in parenthesis and *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

growth rate, Table 9 applies a two-year time lag to the growth rate of the variables.
The d-values in columns (1) and (2) in Table 9 are 0.529 and 0.566, respectively,
which indicate that there is an autocorrelation problem. To correct this, I use the
Prais-Winsten method, and these results are shown in columns (3) and (4). They
are not significantly different from the results in Table 8. Although the statistical
significance between the growth rate of public capital stock and economic growth
has disappeared, the level of public capital stock has a positive effect on economic
growth while the level of human capital is also found to be positively correlated
with economic growth. Moreover, the statistical significance of the effect of public
capital stock on the growth rate over time is shown to differ from that in Table 8.
However, it was also reported that in addition to the problem caused by the
difference in the time lag, an endogeneity problem in the production function
approach may occur. Holtz-Eakin (1994) adopted an IV method with using a
second-difference variable to solve the endogeneity problem in production function
equation with the first-difference variable. In this study as well, the model was
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TABLE 10—THE EFFECT OF PUBLIC CAPITAL STOCK ON
THE ECONOMIC GROWTH BY PERIOD (ONE-YEAR LAG)

() @ 3 “
Real GDP -0.871%%* -1.037%%** -0.946%** -0.658%**
(gdpe-1) (0.073) (0.118) (0.129) (0.112)
Public Capital 0.668%** -1.494%%* -0.794 0.103
(pub,_,) (0.114) (0.522) (0.550) (0.321)
Private Capital -0.110 0.108 0.631%* -0.568
(prig_1) (0.086) (0.189) (0.279) (0.378)
Human Capital 0.271%%* 2.416%** 0.950%* 1.137
(heeq) (0.057) (0.422) (0.369) (0.685)
Labor Force Participation Rate -0.170 0.242 -0.423 0.283
(emp;_1) (0.176) (0.437) (0.345) (0.333)
Export (amount of export) -0.001 0.054** 0.050%* 0.003
(exps_1) (0.012) (0.021) (0.024) (0.021)
Growth Rate of Public Capital 0.954 %% -0.296 -1.300* 0.357
(Apub,) (0.340) (0.450) (0.769) (1.012)
Growth Rate of Private Capital 0.493 %% 0.686%** 1.045%%* -0.213
(Apriy) (0.128) (0.159) (0.211) (0.341)
Growth Rate of Human Capital -0.508 0.638 0.658 0.101
(Ahcy) (0.308) (0.383) (0.680) (1.138)
Growth Rate of Labor Force 0.546%* 0.288 0.640%* 0.334
Participation Rate (Aemp,) (0.220) (0.475) (0.269) (0.351)
Growth Rate of Exports 0.036%* 0.073%** 0.060%** 0.067***
(Aexp,) (0.014) (0.019) (0.027) (0.017)
Trend (t) yes yes yes yes
D — W statistics 2.011 1.921 1.863 1.898
Adj R? 0.771 0.883 0.817 0.771
N 176 56 60 60

Note: Standard errors are in parenthesis and *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

estimated using lagged variables (At =t, —tfg) as instrumental variables for the

Ak

growth rate variables (Ak ris

pub> Ahc). As a result, the coefficients and signs
of the variables are similar to those in Table 9 and the coefficient of the level of
public capital stock is statistically significant, at 0.479 (0.092, standard error).
However, there remains a possibility that the endogeneity problem may occur in
addition to the growth rate of the variables. Therefore, it is unreasonable to
conclude that the problem is completely solved by this method. Therefore,
additional work is needed in the form of a more detailed study in the future.

Next, I examine whether the effects of public capital on economic growth differ
by period. To do this, the entire period is divided into the sub-periods of 1970 to
1984, 1985 to 1999, and 2000 to 2015. As in the previous analysis, the Prais-
Winsten method is used to solve the autocorrelation problem, and the time lag of
the growth rate is one year. These results are shown in Table 10.

Column (1) in Table 10 shows the results of the analysis of the entire period,
identical to column (3) in Table 8. Column (2) is the result of the analysis from
1970 to 1984, column (3) is from 1985 to 1999, and column (4) is from 2000 to
2015. According to the analysis by period, the effect of public capital stock does
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TABLE 11—THE EFFECT OF PUBLIC CAPITAL STOCK ON
THE ECONOMIC GROWTH BY SECTOR AND PERIOD (ONE-YEAR LAG)

M @ 3) “4)
Real GDP -0.817%%* -1.155%** -1.107*** -0.999%**
(gdpe-1) (0.079) (0.141) (0.148) (0.144)
Public Infrastructure 0.734%** -1.363%* -0.946* 0.157
(a_y) (0.107) 0.617) (0.527) (0.319)
R&D/ICT 0.056 -0.298 -0.030 0.123
(tech_y) (0.086) (0.234) (0.211) (0.228)
Other Public Capital -0.150%* -0.099 1.124* -1.079**
(ex_tech_) (0.061) (0.102) (0.568) (0.463)
Private Capital -0.086 0.487* 0.291 0.252
(pri,—1) (0.085) (0.243) (0.412) (0.435)
Human Capital 0.208*** 2.A457*** 0.582 1.627%**
(hee—y) (0.075) (0.485) (0.658) (0.594)
Labor Force Participation Rate -0.253 0.368 0.310 0.325
(emp;_1) (0.155) (0.508) (0.575) (0.338)
Export (amount of export) 0.007 0.015 0.013 0.039%
(expe_y1) (0.010) (0.038) (0.029) (0.022)
Growth Rate of 1.340%** -0.018 -1.048 -0.457
Public Infrastructure (Aa_,) (0.321) (0.567) (0.863) (0.992)
Growth Rate of -0.316%* -0.581* -0.173 0.578%***
R&D/ICT (Atech_,) (0.136) (0.287) (0.443) (0.197)
Growth Rate of Other Public 0.001 -0.215%* 0.750 -0.713*
Capital (Aex_tech_;) (0.108) (0.090) (0.534) (0.418)
Growth Rate of 0.640%** 0.880%** 0.746%* 0.382
Private Capital (Apri,) (0.133) (0.198) (0.344) (0.345)
Growth Rate of -0.726%* 0.997** 0.175 0.593
Human Capital (Ahc,) (0.326) (0.487) (1.038) (0.957)
Growth Rate of Labor Force 0.588%** -0.005 1.063** 0.113
Participation Rate (Aemp,) (0.218) (0.525) (0.399) (0.345)
Growth Rate of 0.038%** 0.057** 0.039 0.070%**
Exports (Aexp,) (0.013) (0.025) (0.030) (0.017)
Trend (t) yes yes yes yes
D — W statistics 1.850 1.932 1.923 1.837
Adj R? 0.780 0.903 0.833 0.881
N 176 56 60 60

Note: Standard errors are in parenthesis and *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

not appear to be positive. However, the level of human capital has been shown to
have a positive impact on economic growth over the entire period.

Finally, I investigate the sectoral effect in more detail and determine its impact
on economic growth by sector. A sectoral analysis is conducted in accordance with
the criteria in the TFP analysis, again with the Prais-Winsten method used. These
results are presented in Table 11. In Table 11, the levels of public infrastructure
capital and its growth rate have positive effects on economic growth during the
overall period. On the other hand, R&D and IT capital stock do not show
statistically significant effects on economic growth. The coefficient of the human
capital variable is shown to have a positive effect on economic growth. However,
by analyzing this by period, while the level of public capital stock does not show a
positive effect by period, the level of human capital is shown to have a positive
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effect for each period. For R&D and IT assets, although the growth rate does not
have a positive effect in the entire period, a positive effect was found in the 2000s.
This is similar to the results of the productivity analysis.

In conclusion, the results of the assessment of the effect of public capital on
economic growth suggest that public capital stock has a positive effect on
economic growth in Korea, but the effect of the period is limited. As a result of the
sectoral analysis, the levels of public infrastructure stock and R&D and IT assets
since 2000 have had positive impacts on economic growth. For human capital, it
appears to have had a positive impact on economic growth in general despite the
differences by period. It can be interpreted that the role of public investment as an
input factor of production is high in the Korean economic system. However, in
comparison with the results of the productivity analysis, public investment has not
played an important role in increasing production efficiency by reducing the
inefficiency of production. It is believed that it is urgent to consider how to
improve productivity through public investment.

Stochastic Frontier Function Approach

Through the two preceding analyses, I examined the effect of public capital on
productivity and economic growth. As a result of these analyses, it was found that
public capital stock has a positive effect on the economic growth but that it does
not affect productivity improvements in the Korean economy. The question arises
of how we can explain this phenomenon. Would it be possible to interpret this as a
result of inefficiency in production?

To answer this question, I attempt to determine whether there is inefficiency in
production processes associated with public investment through equation (11).
Table 12 shows the results of a stochastic frontier function analysis conducted to
determine the existence of inefficiency in the production processes. Columns (1)
and (2) are the results of the assessment of whether there is inefficiency in the
production processers when considering the total public capital stock. Column (1)
assumes a one-year time lag between the variables, and column (2) assumes a two-
year time lag. As a result, public capital stock and human capital stock have a
positive effect on economic growth, similar to the results in Tables 8 and 10.

Next, the determination of whether there is inefficiency in production can be done
from the value of A4 in columns (1) and (2). As noted earlier, the errors in the
stochastic frontier model consist of random error and inefficiency error, where
A=0, /0, denotes the ratio of the standard error between them. In other words,

when there is no technological inefficiency, it becomes 0. However, this explains
only the existence of inefficiency and does not provide an answer as to whether it
plays a role in reducing inefficiency. In other words, it is uncertain as to
whether inefficiency in production is due to inefficiency in public investment or
inefficient distributions of other factors of production. Nevertheless, it is
meaningful to determine why public investment affects only economic growth and
not productivity through this analysis. In both columns, the values of A are
statistically significant at 0.840 and 2.922, which indicate that technical inefficiency
exists in the production process. That is, it can be interpreted that inefficiency in
production processes has a negative effect on productivity in the Korean economy.
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TABLE 12—THE ESTIMATES OF THE STOCHASTIC FRONTIER FUNCTION APPROACH

M @

Real GDP -0.615%** -0.824***
(9dpe—1) (0.114) (0.090)
Public Capital 0.594*** 0.719%**
(pub;_4) (0.163) (0.107)
Human Capital 0.093** 0.115%**
(heeq) (0.036) (0.041)
Labor Force Participation Rate -0.154 -0.017
(emp;_1) (0.148) (0.185)
Export (amount of export) 0.016 0.037%**
(expe_1) (0.010) (0.012)
Growth Rate of Public Capital 0.382 -0.181
(Apub,) (0.277) (0.261)
Growth Rate of Human capital -0.178 0.525%*
(Ahcy) (0.285) (0.207)
Growth Rate of Labor Force Participation Rate 0.874%%* 0.472%
(Aemp,) (0.214) (0.244)
Growth Rate of Exports 0.062%** 0.054%%%*
(Aexpy) (0.013) (0.014)
Trend (t) yes yes
A 0.840%*** 2.922%**
N 176 172

Note: Standard errors are in parenthesis and *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

V. Concluding Remarks

The debate over whether public investment serves as a direct form of input to
enhance production or as an indirect form to increase efficiency in the economy has
long continued. Although clear conclusions have yet to be drawn, it is important to
justify the role of public investment to determine its future direction. This study
considers whether public investment contributes to productivity improvement or to
economic growth, and whether production inefficiency exists. To this end, three
different methodologies - the TFP approach, the production function approach, and
the stochastic frontier function approach - are used. The findings of this study are
as follows.

First, while public investment has a positive impact on economic growth, the
contribution to productivity growth is not high. In the context of  production
inefficiency, it is stated that public investment has played a role as a direct input
factor of production, and not as a productive factor. It can be interpreted that there
is inefficiency of production which has a negative effect on productivity in the
Korean economy.

Second, the effects of public investment on economic growth and productivity
improvement differ according to the sector and period. For example, public
infrastructure capital has a positive effect on economic growth, although the effect
by period is not clear. R&D and IT assets since 2000 have enhanced productivity
and economic growth. More interestingly, the impact of human capital also differs
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by period, but it has generally a positive effect on productivity improvement and
economic growth. These findings provide evidence that the role of public
investment appears differently depending on the sector and period assessed.

In recent years, governmental revenue has decrease due to low economic growth
and welfare expenditure increases. At this time, we need to focus on efforts to
secure fiscal soundness by accomplishing a restructure of the government
spending. To do this, the government must move toward reducing inefficiency in
the economy for public investment. In other words, efforts need to be directed not
only to increase the total output but also to raise productivity as an input of
production.

In addition, the government has focused on building public infrastructure for
economic growth during the past decade, and has mostly invested in sectors where
direct effects could be rapidly realized. As in the results of this study, it is true that
the performance of public investment clearly appeared in the past. However, we
should be careful about undertaking public investment in a similar manner in the
future. It has been reported that the level of transport SOC stock is not lower than
those of advanced economies and that marginal productivity is steadily declining.
In this context, efforts should be made to allocate sectoral resources effectively
under the current budget constraints. It is necessary to consider the Korean
economic situation and the global economic situation at the same time. As the
interest in R&D and IT sector has increased worldwide since 2000, it is notable that
the increase in this type of investment in Korea has a positive effect on productivity
improvement. It is likely that this stems from the basis of efficiency. Thus, resource
allocation by sector must respond flexibly to global economic conditions.

Finally, it is true that human capital has played an important role in Korean
economic growth, which is also proved in this study. However, it is also true that
the investment in human capital has focused on quantitative expansions thus far.
However, in order to cope with rapidly changing economic situations in the future,
qualitative growth must be realized. Rather than trying to form quantitative human
capital by raising the entrance rate of tertiary education or the employment rate
unconditionally, it is necessary to make efforts to improve the quality of education
in order to keep pace with changes in the global economy and industrial structure.
In order to do this, it is necessary to change the existing curriculum and establish a
proper education policy to introduce an advanced education system.

Although there have been tangible contributions to the discussion on public
investment introduced in this paper, there are also several limitations. First, there is
some controversy about standard growth accounting, as the factors of production
cannot be easily aggregated due to their quality and heterogeneity. For this reason,
mixed results are shown in general. Second, it is difficult to consider all factors
which explain economic growth in the analysis. For example, work by Hall and
Jones (1999, QJE) found that a country’s long-run economic performance depends
on certain aspects of its social infrastructure, such as its institutions or government
policies. Nevertheless, this study concentrates on the effect of public investment
and reports that there is a limit when consider all influencing factors.
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