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AbStrACt

In this paper, we examine the contribution of labor quantity, labor quality, 
ICT capital, non-ICT capital, and the productivity of production system to 
potential output growth for 18 OECD countries from 1990 to 2016. For this, 
we develop a measure of a country’s potential output growth using a time-
series analysis and apply panel data regressions to find empirical evidence. 
Empirical findings suggest that in developed countries, improvements 
in productivity and labor quality are major determinants that lead to an 
increase in economic potential.
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INtrODUCtION

Economic growth can be defined as an increase in output (goods 
and services) production, and gross domestic product (GDP) is a 
popular measure of the value of output produced. The realization 
of economic growth is the primary goal of every government 
because it enhances the standard of living by raising income levels 
and reducing poverty. Since GDP per capita is the best measure 
of prosperity and national competitiveness available across all 
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countries, it is an important component of Business Competitiveness 
Index (BCI) (Porter, Ketels, and Delgado 2007).

A nation’s revealed economic growth is measured in actual 
GDP growth, which is based on both its potential output growth 
and various random shocks to the economy. Theoretically, in the 
absence of shocks, the economy is expected to achieve its potential 
level of output. However, various random shocks cause the economy 
to produce more or less than its potential level, creating the short-
run business cycles fluctuations. Thus, a country’s actual GDP 
growth rates deviate from its potential rates of output growth. 
Porter, Ketels, and Delgado (2007) point out that GDP per capita 
can be changed by various factors, such as macroeconomic shifts, 
political developments, resource price swings, and spurts of foreign 
investment, and therefore they argue that the productive potential of 
a nation’s economy is the only reliable source of true prosperity.

While actual GDP indicates the value of realized outputs, a 
nation’s potential output represents more fundamental aspects of 
the economic system. The estimate of economic potential is referred 
to as potential or trend GDP. Since potential GDP is unobservable, 
its estimation depends on statistical methods and thus requires 
understanding of the structural effects of factors of production, such 
as labor, capital, and productivity, on a nation’s production system. 
It is worth to study the determination of potential GDP because 
identifying the fundamental relationship between production inputs 
and outputs allows the efficient resource allocation of the economic 
system. 

From this perspective, the goal of this paper is twofold: (i) 
developing a measure of a country’s potential GDP growth and (ii) 
examining how various determinants have influenced potential 
GDP growth in advanced economies over the past three decades. 
For empirical analysis, we construct a panel data regression model 
for developed countries. Since the 1990s, there have been extensive 
investments in information and communication technologies 
(ICT) industries. In addition, the adoption of new technologies has 
increased the demand for skilled and educated workers (Goldin 
and Katz 2009). This paper incorporates such industrial trends 
into empirical specifications by separating labor input into two 
components, labor quantity and labor quality, and capital input 
into ICT and non-ICT capital, and examining their impacts, whereas 
many other studies discuss the overall influence of labor and capital 
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inputs used in production without such separation. Our empirical 
findings suggest that in developed economies, productivity and 
labor quality are major determinants that lead to an increase in 
potential output growth. Especially, the contribution of these two 
determinants is significantly large in G-7 countries compared to 
other developed countries. We also find that over the past three 
decades, ICT has spurred potential GDP growth in most of the 
developed countries, and find that the contribution of non-ICT 
capital has been significant only in G-7 countries.

Much of the literature has regarded potential GDP growth as 
constant, disregarding structural changes in the production 
system. For a data-oriented empirical approach, this paper 
proposes a structural time-series model and then extract time-
varying potential GDP growth from actual GDP growth by applying 
econometric techniques to the model. It is important to estimate 
potential GDP because it represents an economy’s long-run level of 
output production and as a consequence, long-term industrial and 
economic policies aim to increase potential output growth. As an 
indicator of business cycle conditions, it also provides short-term 
policy goals for stabilizing and reinvigorating the economy, such 
as a target inflation rate. At a firm or industry level, potential GDP 
growth is an important consideration as it gives information on 
future domestic consumption and market potential. Especially, in 
building international business strategies, together with predicting 
the future business cycle, the forecast of potential GDP is a major 
concern because it can determine the level of inward foreign direct 
investment (FDI). 

This paper contributes to the literature by examining the 
influence of the long-run growth of labor, capital, and productivity 
on potential GDP while many empirical studies focus on examining 
the contribution of the amount of production inputs on a country’s 
economic growth measured in actual GDP rather than its potential 
output.

The remainder of this paper is organized as follows. Section 
THEORETICAL FRAMEWORK reviews relevant studies and a 
theoretical model. In section MEASURING POTENTIAL OUTPUT 
GROWTH, we estimate the growth rate of potential output using 
statistical methods. Section REGRESSION ANALYSYS presents 
the regression model, variable description, and preliminary data 
analysis. Section EMPIRICAL RESULTS reports regression results, 
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and the last section includes concluding remarks.

tHEOrEtICAL FrAMEWOrK

This section presents the definition of potential GDP growth and 
describes its determinants. If yt denotes the level of output at time 
t, then the growth rate of GDP at time t can be given by the log 
difference of the two consecutive periods’ actual GDP:  

GDP growtht = ln(Yt) – ln(Yt –1)

The potential GDP (or trend GDP) is an expected level of maximum 
output that an economy can achieve at the level of full employment 
without causing any inflation. If Y t* denotes potential GDP, its 
growth rate (natural rate of output growth) can be given by 

Potential GDP Growtht = ln(Y t*) – ln(Y t* –1)

If potential GDP increases at a constant rate over time, the growth 
rate is deterministic. By differentiating underlying assumptions on 
potential GDP, we can construct the model of stochastic potential 
GDP growth. A detailed model setup is available in the next section. 
The difference between the log real GDP and the log potential GDP 
at time period t is referred to as output gap. 

Output Gapt = ln(Yt) – ln(Y t*)

The output gap serves as a proxy for business cycle, expressed as 
a percent of potential GDP. A positive output gap indicates a boom 
whereas a negative output gap represents a recession. 

Solow (1957)’s growth accounting provides the measures of the 
contribution of factors of production to economic growth. Consider 
the following Cobb-Douglas production function that exhibits the 
determination of the level of output: 

Y = AK α L1–α

where Y is the aggregate level of output (GDP), the coefficient A 
represents the level of technology, K is capital stock, L is labor 
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stock, and α indicates the share of capital. This production system 
assumes constant returns to scale since α + (1 – α) = 1. By taking 
log on both sides of the model, we show that changes in output 
production can be explained by a linear combination of factors of 
production.

lnY = lnA + αlnK + (1 – α)lnL

Both labor and capital stocks are main determinants of output 
growth. This analysis indirectly calculates the rate of technological 
advance, measured as a residual. The changes in output not directly 
caused by changes in labor and capital inputs can be accounted for 
by changes in A, which is referred to as Total Factor Productivity 
(TFP). TFP represents the economy’s level of productivity that is 
determined by technological progress.

Since potential output growth is a key element of a country’s 
sustainable economic growth and competitiveness, there has been 
efforts to find its determinants. Earlier works focus on labor growth 
and capital accumulation as main determinants of economic 
growth in relation to a potential level of output growth (e.g., Solow 
1957; Swan 1956). They recognize that prosperity is determined by 
the productivity of economy (TFP) that is fueled by technological 
advances. While early studies take technological progress as 
exogenously given, a group of researchers regard it as an outcome 
of endogenous process, dependent on the size of human capital in 
research and development (R&D) areas (Jones 1995; Lucas 1988; 
Romer 1990). Especially, Romer (1994) and Aghion and Howitt 
(1998) suggest that commercially oriented innovation efforts can 
encourage technological progress and the growth of productivity. 
Porter (1990) argues that the determinants of productivity differ 
by the degree of economic development. In an investment-driven 
economy, the efficiency of production system is the main source 
of productivity improvement. Therefore, it is important to invest in 
efficient infrastructure, business-friendly public sector, incentive 
systems for investment, and better utilization of investment capital. 
In a more evolved economic system, an innovation-driven economy, 
the ability to produce innovative goods and services using cutting-
edge methods is the main element of competitiveness, which is 
the underpinning of sustainable national wealth and prosperity. 
Since Griliches and Lichtenberg (1984) have suggested the positive 
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impact of R&D capital on TFP growth, many studies have provided 
empirical evidence on the relationship between R&D activities and 
productivity (e.g., Coe and Helpman 1995; Coe and Hoffmeister 
2009; Griliches 1998; Guellec and Van Pottelsberghe De La Pot-
terie 2004). Some papers argue that entrepreneurship is a bridge 
that connects R&D activities to innovation and thus contributes 
to output production (Audretsch and Keilbach 2004; Michelacci 
2003). Vandenbussche, Aghion and Méghir (2006)’s study on TFP 
determinants in OECD countries suggests that high-skilled human 
capital positively influences the growth of TFP. Studies on the 
contribution of human capital highlight the role of job training and 
higher education and argue that both the quantity and quality of 
workforce have a positive influence on economic prosperity (Gennaioli 
et al. 2012; Krueger and Lindahl 2001). 

As a more comprehensive approach to understanding the 
origin of national prosperity, Delgado et al. (2012) examine the 
contribution of the three drivers of foundational competitiveness: 
social infrastructure and political institutions, monetary and 
fiscal policy, and microeconomic conditions. Especially, quality 
of national business environment, state of cluster development, 
and sophistication of company operations and strategy are main 
determinants of microeconomic environment. For a measure of 
competitiveness, Delgado et al. (2012) use the productivity of 
potential worker, which is defined as the expected level of output 
per working-age individual. Their empirical study that covers more 
than 130 countries over the period of 2001-2008 suggests that there 
are positive and significant influences of the three drivers on the 
measure of national competitiveness.

MEASUrING POtENtIAL OUtPUt GrOWtH

In this section, we provide a measure of potential output by 
applying a time-series filtering technique. As a first step, following 
Watson (1986) and Clark (1989), we construct a univariate 
unobservable-component model. Suppose that a time series yt, 
actual GDP growth can be decomposed into a trend component τt 
and a cyclical component ct as follows:

yt = τt + ct        t = 1, 2, 3, …, T (1)
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The smoothed trend GDP represents economy’s long-run level of 
output growth, and can be defined by 

τt = βt –1 + τt –1 + υt,      υt ~ i.i.d.N(0, συ2) (2)

In equation (2), the trend is assumed to follow a random walk 
process, with drift βt –1. In this model, the drift βt  is the random rate 
of change and assumed to follow a random walk as well:

βt = βt –1 + ωt,      ωt ~ i.i.d.N(0, σω2) (3)

Finally, we close the model by assuming that the output gap 
follows a second order autoregressive process, as Clark (1987) and 
Harvey (1991) suggest:

ct = ϕ1ct –1 + ϕ2ct –2 + εt,     εt ~ i.i.d.N(0, σε2) (4)

The trend component τt moves smoothly as only if the variance of 
error term συ2 is smaller than the variance of cyclical component σε2. 
The variance of the error of drift σω2 is also assumed to be smaller 
than σε2. We set σω2 to be positive and συ2 to zero for a smoother 
trend with stochastic drift suggested by Harvey and Streibel (1998), 
Harvey (2001), Harvey and Bernstein (2003), and Harvey et al. (2004). 
As a result, shocks to the rate of drift (potential output growth) 
captured by σω2 are only innovations to potential output. 

Watson (1986) originally assumes that the rate of potential 
output growth is constant over the sample period by setting σω2 = 0. 
However, some studies, such as Clark (1989) and Perron and Wada 
(2009), suggest that the use of stochastic slope can avoid potential 
misleading results and better explains the data. Assuming a 
variable potential growth rate for the trend component is a testable 
hypothesis, and many studies support this set-up by showing 
empirical results. Gerlach and Smets (1997) point out that such an 
assumption on a deterministic rate of output growth is restrictive 
to apply to many industrialized economies and suggest allowing the 
rate of drift to vary over time. Harvey and Streibel (1998) and Harvey 
(2001) propose to test the null of σω2 = 0 to confirm empirically the 
random walk assumption. Harvey et al. (2004) also apply a Lagrange 
Multiplier (LM) test on the same null hypothesis against the 
alternative, σω2 > 0. The test rejects the null of a deterministic trend 
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as well. 
The goal of our empirical strategy is to have estimates of 

unobservable components: the trend, output gap, and potential rate 
of output growth. For this purpose, we convert the model into the 
form of State-Space representation and then apply the Kalman filter 

Figure 1. Estimates of Trend GDP, Potential GDP Growth, and Output Gap 
in the U.S.
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to estimate parameters in equations (1) through (4) simultaneously. 
The appendix describes details on the Kalman filtering process. We 
use the World Bank’s GDP per capita series for 18 OECD countries 
for the period of 1960–2017.  

Figure 1 presents the estimates of the three components of the U.S. 

Figure 2. Potential GDP Growth (Beta)
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GDP as examples. In figure 1, trend GDP is given by 100 ∙ ln GDP 
per capita. In the above model, the stochastic drift (βt ) can serve as 
the growth rate of potential GDP. Figure 1 show that in the U.S., 
potential GDP growth has declined over the past decades.

Figure 2 presents estimates of potential growth rates, which is the 

Figure 2 (continued). Potential GDP Growth (Beta)
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beta (βt ) in equation (3), for sample developed countries. Most sample 
countries experienced economic advancement and industrialization 
prior to the 1970s and gradual decline until the mid-1990s. 
Countries, such as Canada, Finland, Ireland, Netherlands, and 
Sweden experienced an increase in potential growth in the 1990s. It 

Figure 2 (continued). Potential GDP Growth (Beta)
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is common for many of countries to have increased potential output 
growth after 2008-2009 global financial crisis.

rEGrESSION ANALYSIS

To examine the contribution of underlying factors of production 
to potential GDP growth, we propose the following panel data 
regression model:

Potential GDP Growthi,t = α + βTFPit + Lit' γ + Kit' ζ + ϕt + ηi + εit (5)
i = 1, …, 18.    t = 1990, …, 2016.

where TFP is total factor productivity, L is a regression vector that 
contains two variables, labor quality and labor quality, and K is 
a regression vector that includes two variables, ICT and Non-ICT 
capital. Estimates for potential GDP growth (βt ) is a dependent 
variable. Since the dependent variable, potential GDP growth, 
is an estimate of annual growth rate of long-run trend GDP, the 
corresponding regressors are also measured in percentage changes 
of annual trend (the long-run level). For this, we apply filtering 
techniques again to annual growth of labor quantity, labor quality, 
ICT, non-ICT capital, and TFP. 

We use Conference Board’s Total Economy Database (TED) 
for internationally comparable time series. While TED covers 
most of the OECD member countries, there are many missing 
observations. For this reason, subject to data availability, we sample 
some of the OECD member countries. To ensure enough number 
of internationally comparable observations, we focus on highly 
advanced economies that achieved their industrialization prior to 
joining the OECD. In this regard, our sample dataset covers 18 
OECD developed countries for the period of 1990-2016.

TED notes that TFP captures the contribution of technological 
advance, efficiency improvements, innovation and other inputs that 
are not able to be measured directly. A measure of Labor Quantity 
indicates the level of employment and is based on total hours worked 
and/or total number of people engaged in the production process. 
Workers’ education level is used to identify productivity differentials 
across workers and empirically explains the patterns of wages 
(Bosler et al. 2016). Therefore, Labor Quality is measured by data on 
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employment and wages by workers’ educational attainments, and 
its variation shows the changes in the composition of the workforce 
by education level. Growth in capital stock refers to an increase in 
the flow of productive capital goods such as buildings, machines, 
and various equipment including transportation devices. Especially, 
in TED’s classification, ICT capital assets are composed of computer 
hardware, computer software, telecommunication equipment, and 
other related services. So, the variables ICT and Non-ICT capture 
the growth of ICT and non-ICT capital assets, respectively. 

Table 1, panel A presents descriptive statistics of variables for 
the 18 OECD sample countries. The average annual growth rate of 
potential output for sample countries is 1.47 percent for the period 
of 1990–2016. The average annual growth of trend TFP is 0.29 
percent. Long-run growth rates of Labor Quantity and Labor Quality 
are 0.53 percent and 0.36 percent, respectively. The average annual 
growth rate of trend ICT capital is 8.4 percent while trend Non-ICT 
capital grows at 2.38 percent per year. 

In table 1, panels B through D present summary statistics of 
the variables for sub-sample country groups characterized by 
region and their economic conditions: G-7, Nordic, and SOE (small 
open economies). In our classification, G-7 countries are the 
most advanced economies including Canada, France, Germany, 
Italy, Japan, the United Kingdom, and the United States. Nordic 
includes Denmark, Finland, Norway, and Sweden, while SOEs are 
Australia, Austria, Belgium, Ireland, Netherlands, New Zealand, 
and Switzerland. SOE is defined as an economy that actively 
participates in international trade of goods and services and 
international financial transactions, but due to its small size, its 
economic activities and policies do not significantly affect the world 
prices or interest rates. While some papers classify the four Nordic 
countries as SOEs, this paper separates these four countries from 
SOEs based on their unique socio-politico and politico-economic 
aspects. Besides geographical and cultural proximity in the area, 
in terms of industrial structure, Nordic economies are highly 
dependent on natural resource extraction. In addition, the four 
Nordic countries have a large public sector, and they are regarded 
as role models for active involvement of governance in many areas, 
such as equality, education, sustainability and various public 
policies. As a result, compared to other developed countries, they 
have high welfare spending, a solid public education system, and a 
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Table 1. Descriptive Statistics 

Panel A: 18 OECD Countries

Variable Obs. Mean Std. Dev. Min Max

Potential GDP 486 1.468006 1.184581 -1.3 6.7

TFP 486 .283677 .7968952 -1.97131 3.05745

Labor Quantity 486 .5279353 .9482684 -5.21595 3.28051

Labor Quality 486 .3623993 .2555269 -.519729 1.05744

ICT Capital 486 8.407187 4.529039 .240633 20.1133

Non-ICT Capital 486 2.37688 1.334573 -.393846 11.8776

Panel B: G-7 Countries

Variable Obs. Mean Std. Dev. Min Max

Potential GDP 189 1.163492 .8266122 -1.3 2.7

TFP 189 .0995475 .5839141 -1.97131 1.2152

Labor Quantity 189 .2430727 .763419 -2.30557 1.84245

Labor Quality 189 .4641139 .2316072 -.303983 1.05744

ICT Capital 189 6.942025 4.127198 .240633 16.6364

Non-ICT Capital 189 2.30558 1.489676 -.393846 11.8776

Panel C: Nordic Countries

Variable Obs. Mean Std. Dev. Min Max

Potential GDP 108 1.415284 1.102969 -.4 3.7

TFP 108 .5053146 1.046017 -1.39824 2.98754

Labor Quantity 108 .2798032 1.08767 -5.21595 1.64763

Labor Quality 108 .1973621 .1899026 -.23937 .542274

ICT Capital 108 8.541701 4.836112 .373616 20.1133

Non-ICT Capital 108 1.984585 .6786219 .484674 3.37414

Panel D: Small Open Economies

Variable Obs. Mean Std. Dev. Min Max

Potential GDP 189 1.802646 1.427221 -.1 6.7

TFP 189 .3411566 .7803567 -1.33996 3.05745

Labor Quantity 189 .9545876 .8739011 -1.06449 3.28051

Labor Quality 189 .3549917 .2611025 -.519729 .917569

ICT Capital 189 9.795482 4.297205 1.58788 17.1714

Non-ICT Capital 189 2.672347 1.390068 -.194311 7.41952
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lower degree of wage inequality. These factors are identified as key 
resources for economic prosperity and high quality of life (Tiemer, 
2018). Therefore, it is worth estimating the contribution of each 
determinant to potential GDP growth in these welfare states.

The average potential GDP growth of G-7 countries (1.16 percent) 
is lower than the average of the whole sample (1.47 percent), and 
that of SOEs (1.8 percent) is higher than the two other country 
groups. The average annual growth of trend TFP is highest in Nordic 
countries (0.51 percent) and lowest in G-7 countries (0.10 percent). 
The average annual growth of trend Labor Quality is highest in 
G-7 countries (0.46 percent), while the average annual growth of 
trend Labor Quantity is highest in SOEs (0.95 percent). The average 
annual growth rate of trend ICT is highest in the order of SOEs (9.78 
percent), Nordic (8.54 percent), and G-7 countries (6.94 percent). 
The average annual growth of Non-ICT capital stock of SOEs is 2.67 
percent, which is higher than that of G-7 countries (2.3 percent) and 
Nordic countries (1.98 percent). Overall, compared to G-7 countries, 
Nordic countries and SOEs exhibit higher average growth rates of 
TFP, Labor Quantity, ICT and Non-ICT. 

With respect to trend TFP growth, noticeable differences can be 
explained by the convergence of productivity among countries. There 
has been substantial literature on determinants that may affect 
the productivity convergence, such as R&D, innovation, knowledge 
transfer (Cameron, Proudman, and Redding 2005), corporate taxes 
(Gemmell et al. 2018), public policies, institutions (McMillan and 
Rodrik 2011), and human resources (Ding, Guariglia, and Harris 
2016). In addition, Porter and Van der Linde (1995) suggest that 
environment regulations may have a positive impact on innovation 
and productivity growth through the realization of energy efficiency, 
investment in new technology, and the reduction of production cost. 
SOEs’ high Labor Quantity growth can be attributed to the impact 
of an increase in labor mobility among EU member countries and 
immigration rather than an increase in population.

EMPIrICAL rESULtS

Table 2 and 3 highlight empirical findings that are directly 
related to our research questions. The empirical results imply that 
in developed countries, if all factors of production increase at an 
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equal rate, improvements in productivity and labor quality have 
the largest impact on potential output growth. G-7 countries have 
large domestic markets and well-developed industries. Thus, the 
contributions of TFP, both Labor Quantity and Quality, and Non-ICT 
capital to potential GDP are greater in G-7 countries than the two 
other country groups. In Nordic countries, the coefficient of Labor 
Quality is larger than other significant determinants, TFP, Labor 
Quantity, and ICT. This implies that in these countries, education 
and other investments in human capital significantly affect the 
promotion of economic potential. Like other two country groups, in 
SOEs, the impacts of TFP and Labor Quality are larger than other 
determinants. Given that SOEs lack economy of scale due to small 
domestic markets, a negative contribution of traditional capital stock 
in SOEs is not surprising. The regression results suggest that SOEs’ 
potential GDP growth is more highly dependent on investments 

Table 2. Results of Panel Data Regressions

(1)
Pooled OLS

(2)
FD

(3)
FE

(4)
RE

TFP 1.0964***
(0.0322)

1.0345***
(0.0696)

0.8660***
(0.0909)

0.9344***
(0.0595)

Labor Quant. 0.1784***
(0.0259)

0.2268***
(0.0743)

0.2702***
(0.0546)

0.2408***
(0.0482)

Labor Qual. 0.6872***
(0.0790)

0.0645
(0.2970)

0.2722
(0.3967)

0.4518**
(0.2391)

ICT 0.0409***
(0.0053)

0.0719***
(0.0190)

0.0777***
(0.0174)

0.0665***
(0.0137)

Non-ICT 0.3211***
(0.0186)

0.2525***
(0.0635)

0.1343
(0.1096)

0.1886***
(0.0649)

Year FE
Country FE

No
No

No
No

No
Yes

No
Yes

Adj. R2

Observation
0.8057

486
0.5787

468
0.7947

486
0.7824

486
* p < 0.10, ** p < 0.05, *** p < 0.01. Robust standard errors in parentheses and 
the significance of independent variables’ coefficients are based on one-tailed 
tests. Country-fixed effect dummies and year-fixed effect dummies are tested 
but not reported. We do not report a constant term for parsimony. For FD 
estimator, we use the first difference values for both dependent and independent 
variables. For the FE, we report within R2, and for the RE, we report between 
R2.



Determinants of Potential Output Growth 43

in ICT, compared to other country groups. This might indicate 
changes in industrial structure in SOEs. Empirical results show 
that ICT capital is more influential in SOEs than in G7 countries. 
We attribute this result to differences in industrial structures 
between SOEs and G7 countries. Compared to the seven SOEs in 
our sample, in G7 countries, non-ICT intensive industries constitute 
a larger proportion of their economies. For example, Eicher and 
Strobel (2008) report that non-ICT capital deepening is about three 
times greater than ICT capital deepening in Germany. Since non-
ICT capital deepening serves as a significant driver of GDP growth 
in the highly advanced G7 economies, the relative importance of ICT 
capital can be smaller in G7 countries than in SOEs. 

Table 2 and 3 present two sets of regression results. In table 
2, we estimate the model using four estimators: pooled (panel)-
OLS, First Difference (FD), Fixed Effect (FE), and Random Effect 
(RE). In each estimation, we use roust standard errors to control 
heteroskedasticity and autocorrelation. Year-specific effects may 
exist across the sample, implying various global shocks at specific 
year(s). We can also consider the existence of idiosyncratic country-
specific shocks. Panel data specific estimators, the FE and RE, 
control for these time-invariant country-fixed effects, while the OLS 
and FD estimators assume that there are no such effects in the 
panel dataset. However, all of the four baseline regressions do not 
control year fixed effects.

As expected, the effect of improvement of productivity is positive 
and uniformly significant across estimations in columns (1) through 
(4) in table 2. Similarly, the positive Labor Quantity coefficients 
are uniformly significant and suggest that potential workforce 
growth is significantly correlated with economic potential. Labor 
Quality is positively associated with potential GDP growth, but 
significant only in the OLS and RE estimations. ICT coefficients are 
positive and consistently significant in all four estimations. Non-
ICT yields a positive coefficient, but significant in the OLS, FD, 
and RE estimations only. Specifically, a 1 percent increase in trend 
TFP contributes to potential GDP growth in a range of 0.87 percent 
to 1.10 percent. A 1 percent increase in the long-run growth of 
Labor Quantity contributes to potential GDP growth by 0.18 - 0.27 
percent. In the OLS, a 1 percent increase in the long-run growth of 
Labor Quantity contributes to potential GDP by 0.69 percent, and it 
goes down to 0.45 percent in RE estimation. A 1 percent growth of 



44 Seoul Journal of Business

trend Non-ICT capital can lead to potential GDP growth of 0.19 – 0.32 
percent, while an equal increase in trend ICT capital causes 0.05 – 
0.78 percent increase in potential GDP. 

To find a preferred estimator, we apply a battery of statistical 
tests. Breusch and Pagan Lagrangian multiplier (LM) test suggests 
the RE estimation over the OLS and the FD estimations, with the 
test statistic χ–2(01) = 216.33. The F-test to test for whether fixed 
effects are jointly zero suggests that the FE estimation is preferred 
over the OLS and FD estimations, with test statistic F(17, 463) = 
14.15. Finally, the robust version of the Hausman test suggests that 
FE estimation over the RE estimation, with the Hansen test statistic 
of 19.32.

Based on these results, next we apply the FE estimator to the 
sample data. To control both country-specific and year-specific 
fixed effects, we include dummy variables in our empirical model. 
Table 3 presents the results of the two dimensional-fixed effect 

Table 3. Results of Fixed Effects Models

(1)
OECD 18

(2)
G-7

(3)
Nordic

(4)
SOE

TFP 0.8421***

(0.0431)
1.3004***

(0.0833)
0.6257***

(0.0472)
0.9539***

(0.0633)
Labor Quant. 0.2559***

(0.0364)
0.4539***

(0.0636)
0.3888***

(0.0647)
0.2820***

(0.0503)
Labor Qual. 0.2954**

(0.1278)
2.2188***

(0.2146)
1.2268***

(0.3996)
0.4016**

(0.1752)
ICT 0.0859***

(0.0157)
0.0857***

(0.0152)
0.0466***

(0.0169)
0.1964***

(0.0209)
Non-ICT 0.1616***

(0.0348)
0.2857***

(0.0214)
0.1201
(0.1465)

-0.1903***

(0.0609)

Year FE
Country FE

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Adj. R2

Observation
0.8897

486
0.8991

189
0.9692

108
0.9327
189

* p < 0.10, ** p < 0.05, *** p < 0.01. Robust standard errors in parentheses and 
the significance of independent variables’ coefficients are based on one-tailed 
tests. Country-fixed effect dummies and year-fixed effect dummies are tested 
but not reported. We do not report a constant term for parsimony.
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panel data regressions for each country group, making it possible 
to compare the role of each determinant by the different economic 
characteristics.

In column (1), on average across 18 OECD countries, a 1 percent 
increase in the trend TFP is associated with a 0.84 percent increase 
in the potential GDP. Similarly, a 1 percent increase in the trend 
Labor Quantity, Labor Quality, ICT, and non-ICT increase potential 
GDP by a 0.26, 0.30, 0.09, and 0.16 percent, respectively. Columns 
(2) through (4) in table 3 exhibit empirical results for the three 
country groups. As shown in column (2), in G-7 countries, a 1 
percent growth of trend TFP increases potential GDP by a 1.3 
percent, which is higher than the 18 OECD average (0.84 percent). 
This coefficient value goes down to a 0.95 in SOEs and a 0.63 
percent in Nordic countries. The coefficient of trend Labor Quantity 
is highest in G-7 countries, with the coefficient of 0.45, while lowest 
in SOEs at 0.28. Similarly, the contribution of long-run Labor 
Quality is also highest in G-7 countries, with the coefficient of 2.22, 
which is about five times greater than the coefficient of 0.40 in 
SOEs. In all three country groups, the long-run growth of ICT capital 
stock positively affects economic potential. Especially, its influence 
is highest in SOEs, with the coefficient of 0.19, which is higher than 
the coefficient of 0.09 in G-7 countries and 0.05 in Nordic countries. 
The impact of long-run growth of Non-ICT capital is positive with the 
coefficient of 0.29 and significant in G-7 countries, but flips the sign 
and gives -0.19 in SOEs. In Nordic countries, the coefficient of Non-
ICT is positive, but not significant. 

CONCLUSION

A nation’s wealth is determined by its production activities. The 
availability of sufficient good-quality labor force and capital assets 
is a necessary condition for competitive industrial performance 
and sustains higher growth of output. In addition, an increase 
in productivity helps more efficient utilization of those factors of 
production. Therefore, continuous enhancement of the quality of 
production system becomes a ground for national competitiveness 
and furthermore, a fundamental component of sustainable 
prosperity.

This paper provides an empirical analysis on the structural 
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relationship between production inputs and outputs in developed 
economies. Empirical evidence suggests that in developed countries, 
since 1990, productivity and the quality of labor force have 
significantly affected the potential rate of output growth. Regression 
results also show that the effects of investments in ICT industries 
have been particularly large in small open economies, and non-ICT 
capital assets are still major determinants in G-7 economies.

Technological progress and innovation replace the traditional role 
of labor input, reduce work hours and the level of employment, and 
thereby emphasizing the importance of the quality of workforce. 
Hence, adopting automation in production process can lower 
production costs and realize the effects of scale expansion. If 
a decrease in demand for labor continues, the quality of labor 
determined by workers’ education attainments will shape the growth 
of economic potential. The more the industry is characterized by 
innovative technologies, the more such an industry demands labor 
quality over labor quantity. Decline of a labor force due to population 
decrease and reduced work hours will lower the contribution of 
labor quantity. As a result, a better access to higher education and 
the provision of effective on-site job trainings may help reinforce 
the competitiveness of the economic system. Implementing public 
policies that foster opportunities for improving skills and knowledge 
will make workforce more competent. Industrial restructuring 
performed by both the public and private sectors promoting the 
effective use of input resources can harden production environment.

Structural time series modeling and filtering techniques used in 
this paper provide estimates of stochastic long-run growth of output. 
These methods are applicable to estimate other unobservable 
variables discussed in the fields of business and economics, such as 
price stability and stock return trends.

Applying an analysis similar to that used in this paper to other 
heterogeneous groups of countries, such as emerging market 
economies, will also be interesting and help a more comprehensive 
understanding of the nature of potential output growth.

APPENDIX

A state-space model requires two equations, a measurement 
equation and transition equation, which show the relationship 
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between observable and unobservable components and the dynamic 
changes in the unobservable variables, respectively. A matrix form 
of measurement equation is given by,
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t
t

t

t
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The above equation shows a linear combination of the potential 
output and cyclical component. A matrix form of the transition 
equation is given by,
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The Kalman filter provides the smoothed series of τt and βt and the 
optimal estimates of the parameters, συ2, σω2, and σε2 that maximize 
the following likelihood function,

π η η−
− − − −

= =

′= − −∑ ∑ 1
| 1 | 1 | 1 | 1

1 1

( )1 12 det( )
2 2

T T
n

t t t t t t t t
t t

lnL ln f f  (8)

where T, ft|t–1, and ηt|t–1 denote the sample size, the prediction 
errors defined by yt – yt –1 and the variance of the prediction errors, 
respectively.
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