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Prologue

This paper attempts to understand how anticipate technology
shocks and shocks distorting agents’ perception affect
short-to-medium run dynamics of aggregate quantities. While
achieving economic growth and prosperity should be regarded as a
fundamental goal of the society, fluctuations cannot just be taken a
backseat as they affect everyday life, and sometimes short-run
economic downturns could eventually lead to catastrophic events
such as the Great Depression of the 1930s and the Great Recession
of the last decade.
There is a huge academic and policy-oriented literature analyzing business cycles and fluctuations. Here, we will adapt
up-to-dated methodological contributions in the macroeconomic
literature to thoroughly investigate the role of technology shocks
on fluctuations. By doing so we will also examine non-trivial but
often neglected aspects of economic agents’ decision making, information (or lack thereof) when studying aggregate dynamics.
Before formally discussing the key ideas and ingredients of this
paper, it is useful to look at some important business cycle stylized
facts. In Chapter 1, we briefly touch upon the empirical facts by
looking at data and discussing the empirical evidence available in
the literature. Specifically, we compute the business cycle moments for a sample of countries from developed and emerging
market economies and try to make sense of them.
In Chapters 2 and 3, we proceed to introduce models to be analyzed through the rest of the paper. In Chapter 2, we consider a
permanent income consumption (PIH) model with imperfect in-
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formation and rational learning to examine consumption dynamics
in South Korea. We first describe the model and obtain the properties of this model looking at impulse response functions (IRF)
and conditional variance decomposition (VEDC). We then move
on to discuss how to solve this model and also describe the estimation strategy. We use South Korean data to estimate parameters of
the model and extract the underlying structural shocks and state
variables. Our focus is on how much technology and information
shocks can explain consumption dynamics in South Korean
economy, and compare our results to the ones obtained from estimating the model with the U.S. data. Similar to the findings for
the US, our estimation results suggest that non-fundamental noise
shocks, which only affect agents’ perception of the fundamentals
of the economy, play a very important role in consumption fluctuations in a short-to-medium run.
A permanent income consumption model in Chapter 2 is very
useful tool to characterize consumption dynamics. However, this
model is a partial equilibrium model neglecting general equilibrium channels of the economy. In Chapter 3, we consider a widely
used small open economy real business cycle (SOE-RBC) model:
We first describe the model by characterizing the model induced
implications and go on to solve and estimate it. For estimating this
model, we use productivity and trade-balance series whereas in the
previous PIH model we use productivity and consumption series.
To check if the results are robust, we estimate the same model using productivity and consumption series and compare the results as
well.
The methodology discussed so far is simple enough for easy
traction but can also be a very useful tool to study some interesting
real economic questions. For example, large scale fluctuations such
as recessions affect economic wellbeing greatly. In Section 4 we
attempt to use the methodology previously discussed to character-
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ize the South Korean recessions, stressing the important of informational aspects such that large scale South Korean recessions
cannot just be explained by an associated decline in labor productivity much like the large scale recession in the US, i.e., the Great
Depression of 1930s and the Great Recession of the last decade.
One last empirical exercise focusing on the informational aspects
of fluctuations is to test whether agents in the economy process
information or signals rationally. In Chapter 5, we take a simple
permanent consumption model with a rational information procession and a model in which agents overreacting to noisy signal,
and match them to South Korea data and examine if the rationality
assumption holds for South Korean consumers. Based on the joint
dynamics of consumption and productivity, we find that the null
hypothesis of consumers processing information rationally is not
rejected for a sample covering a more recent period.
So far our focus has been on aggregate output and consumption
dynamics. Now, we try to examine labor market dynamics in
more detail. Before delving into structurally analyzing South Korean labor markets, in Chapter 6 we first set a record straight in
terms of estimating key business cycle moments linking labor
market conditions to aggregate fluctuations and agents’ expectations about the state of the economy.
In Chapter 7, we study the relationship between a real side of
the economy and labor market adjustments. Understanding the
real side of the economy and labor market dynamics is very important and we attempt to examine one of the most important
economic relationship, Okun’s law by estimating Okun’s coefficients for a set of developed and emerging economies. Our estimation results show that while there seems to be a negative relationship between the unemployment and the output growth in general,
we also observe a substantial amount of heterogeneity across time
and countries. We then further examine the relation between labor
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market conditions and the unemployment rate by decomposing
output into the intensive and extensive margin of labor supply and
labor productivity.
As widely suggested, Okun’s law suggests that the potential
output is linked to unemployment, and in Chapter 8, we attempt
to implement a parsimonious detrending scheme on output and
verify if indeed potential output is the one that is linked to labor
market dynamics. Unfortunately, our parsimonious detrending
method does not provide any concrete evidence linking the potential output (or ouput gap) with the unemployment gap.
In Section 9, we conclude.
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Summary of Part 1

The first part of this paper concerns with analyzing South Korean business cycles with various structural dynamic macro models.
The first two chapters concerns with taking data seriously refining
the various concepts used in the later chapters and with thoroughly reviewing the existing literature.
It is taken as given that we are able to detrend any variable over
its long-run trend, which, for example, can apply to output, consumption, investment, or a stock of capital. Looking closely at the
behavior of these variables, we observe that there exist clear cyclical fluctuations over the trend, which is the center of the business
cycle analysis.
Figure A1. HP-filtered Consumption, Investment, and Output, South Korea:
1961-2018

Notes:

Solid line, circled line, and crossed line respectively denote consumption, investment, and
output variables detrended with Hodrick-Prescott (HP) filter.
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Figure A2. The Growth Rates of Consumption, Investment, and Output, South
Korea: 1961-2018

Notes:

Solid line, circled line, and crossed line respectively denote consumption, investment, and
output variables in growth rates.

Figures A1 and A2 respectively denote the HP-filtered consumption, investment, and output and the growth rate of these
variables showing a substantial comovement of aggregate quantities
across time.
One of our goal is to provide a structural interpretation of cyclical fluctuations of key macro variables, most notably consumption and output. In Chapters 2 and 3, we construct a small-scale
dynamic macro models to explain fluctuations in the economy.
The underlying assumption of these models which is slightly different from a typical macro model is that we treat the informational aspect of the economy seriously such that agents in the
economy is not fully aware or observe all the economic distortions
simultaneously. Instead, we assume that agents receive imperfect
signals about the fundamentals and process this information rationally by applying a standard Kalman filters. Estimating the parameters of these models suggest that a shock solely affecting
agents’ perception of the economy but having no influence on the
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fundamentals of it, i.e. a permanent component of productivity or
permanent income, plays a very important role in explaining consumption fluctuations in a short-to-medium run.
While an economy fluctuates around the long-run trend, there
are periods in which cyclical drops are so large and persistent, and
they are specifically coined with the terminology “recessions,”
which roughly corresponds to periods in which there is joint drops
in aggregate quantities as consumption, output, and employment.
Historically examples of recessions, widely known to public, are
the Great Depression of the U.S. in the 1930s and the so-called
Great Recession of the last decade. South Korea also experienced
two relatively large-scale recessions within the last thirty years.
First, they suffered from the Asian Financial Crisis in the late
1990s, and the recession originated from the U.S. mortgage market
crash of the late 2000s also had a profound effect on South Korean
economy. According to L’Huillier and Yoo (2017) we can classify
a recession as either a productivity-driven or a belief-driven (sentiment induced) recession. The logic is as follows: Based on the
permanent income consumption theory, drops in aggregate quantities can be justified by the intuition that agents end up with having a pessimistic forecast about their long-run income. Using a
standard signal extraction technique, we are able to examine
whether this pessimistic opinion about the future fundamentals of
the economy results from a persistent fall of aggregate productivity,
i.e., labor productivity or TFP, or from other intangible information orthogonal to current movements in productivity or income. When actual consumption drops can be mostly explained by
associated drops in productivity or income, we can roughly classify
it as a productivity-driven recession. On the other hand, when
drops in consumption can only be justified or augmented by pessimistic information unrelated to concurrent drops in productivity
or income, we consider such recession as a belief-driven or senti-
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ment-induced recession.
In Chapter 4, we examine this view by adapting a particular
imperfect information known as the news and noise information
structure discussed in Blanchard et al. (2013) and embed it on a
simple permanent income consumption model to disentangle contribution of changes in productivity and changes in noisy signal,
which distorts agents’ belief about future level of income, on consumption fluctuations. We use South Korean data from 1995Q1 to
2018Q3 and solve and estimate the model using a sequential Kalman filter discussed in L’Huillier and Yoo (2017).
Here, Figure A3 depicts disentangled consumption changes due
to productivity change and due to change in perception about future income originated from a noisy signal observation, using a
slightly longer data than we have in Chapter 4.
Similarly, Figure A3 (reproduced from Figure 4.3 in Chapter 4)
shows the smoothed beliefs and noisy signals, and the difference
between the two is the measure of agents’ belief or sentiments at a
given moment in time. (Here, beliefs refer to agents’ expectation
about the unobserved permanent productivity or income in the
economy.) Looking at the figure, when estimated noisy signal is
smaller than updated beliefs, it implies that agents have pessimistic
Figure A3. Disentangling Consumption Growth, South Korea: 1983Q2-2016Q1

Notes:

Solid lines denote consumption change due to productivity change, and dashed lines
denote consumption change due to noise, which is unrelated to productivity shocks.
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Figure A4. Smoothed Beliefs and Signals, South Korea: 1995Q2–2018Q3

Notes:

The solid line denotes the smooth-estimated noisy signals and the dashed line depicts the
estimated consumers’ belief updated with productivity signals.
Source: Figure 4.3 of this paper.

view of the economy, which is induced by observing a private information not contained in a public signal, here proxied by labor
productivity or real GDP. So, for example, the Asian Financial
Crisis can be classified as a sentiment-induced recession such that
actual drops in productivity (or income) cannot easily explain the
associated decline in consumption.
Comparing two recent recessions for South Korea, we observe
that these two historical episodes are similar in the sense that both
recessions are associated with fall in agents’ perception about the
future income due to information unrelated to fundamental shocks.
This conclusion is similar to the one drawn by L’Huillier and Yoo
(2017) regarding two historically large U.S. recessions, the Great
Depression and the Great Recession. Therefore, while the characteristics of two Korean recessions are very different from the two
large scale U.S. crises,1 from an informational perspective, they are
similar in the sense that agents’ seemingly pessimistic attitude
1

For example, two Korean recessions are clearly influenced by foreign shocks and
have an international dimension.
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about the future income cannot simply be justified by concurrent
drops in productivity.
In Chapter 6, we examine whether South Korean consumers process
information rationally by looking at the joint dynamics of consumption and productivity. We test our null hypothesis that consumption
dynamics observed in South Korean data can be well-approximated
by the permanent income consumption behavior with agents rationally processing imperfect information on three different samples: (1) on the period from 1995Q1 to 2018Q3, (2) on the period
from 1995Q1 to 2006Q4, and (3) on the period from 2007Q1 to
2018Q3.
Our estimation exercise shows that for the first two samples, the
null hypothesis of rational learning is rejected whereas for the last
sample, the null hypothesis that the model with rational learning
performs better to explain the path of consumption and productivity cannot be rejected at the 5% confidence level.
Figure A5. Estimated Consumers’ Belief (solid) and Estimated Permanent Component of Productivity (dashed): 1995Q1–2018Q3

Notes:

The solid line denotes the smooth-estimated consumers’ belief on the permanent component of productivity whereas the dashed line depicts the smooth-estimated permanent
component of productivity.
Source: Figure 6.1 in Chapter 6.
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I. Business-cycle Statistics in South Korea
1. Introduction
In the first part of this paper we attempt to quantitatively explain business-cycle features of South Korean economy and try to
understand the effects of technology shocks on fluctuations and
compare our findings in a global context, if and when necessary.
Before modelling quantitative features of South Korean business
cycles and examining the effects of technology shocks on fluctuations, it may be worthy to characterize some stylized facts about
South Korean business cycles.
In fact, South Korea is an interesting case study for those who intend to study business cycle fluctuations and growth not only because the economy has grown from one of the poorest countries in
the world to one of the largest economy in terms of its output
production, but at the same time, South Korea has also suffered
from one of the major economic downturn in recent memories –
the Asian Financial Crises and is vulnerable to foreign shocks due
to its strong openness to the global economy. Aguiar and Gopinath (2007), classifying South Korea as an emerging market
economy along with such countries as Argentina, Brazil, Ecuador,
Israel, Mexico, Peru, Philippines, Slovak Republic, South Africa,
Thailand, and Turkey using the data from 1979Q4–2003Q2,2
compare the characteristics of emerging market business cycles
with developed economies’ business cycles. Some of the key business-cycle moments estimated in their paper are the relative consumption volatility to output, the relative investment volatility to
2

According to authors, categorizing emerging market economies follows criteria used
by Standard and Poor’s (2000) and the International Finance Corporation. Specifically, emerging market economies must be a low or middle income country according to the World Bank and the ratio of its investable market capitalization and GNP
must be small.
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Figure 1.1. Real GDP Growth Rate, South Korea: 1960-2018

Notes: The solid line denotes the growth rate of gross domestic product in constant prices.
Source: FRED Economic Data. Originally from Organization for Economic Co-coperation and
Devemlopment (OECD).

output, the relative net-exports volatility to output, and the cyclicality of net-exports to output ratio. For South Korea, these moments (standard errors are in parenthesis) are respectively estimated 1.23 (.06), 2.50 (.04), 2.32 (.51) and -0.61 (.17) and are in fact
consistent with the characteristics of emerging market economies
which are known to have a relatively high consumption and investment volatility and a large counter cyclicality of net-exports to
output in comparison to developed economies.
In this chapter, we proceed to estimate the business-cycle moments of South Korea using the data from 1960Q1-2018Q2. We
will take a closer look at the behavior of consumption, investment,
net-exports, government expenditure, and output for South Korea
and other selected developed and developing economies. We also
compare the results for the recent period (1988-2018) with the earlier period (before 1988) where the growth seemed to have been
stagnated considerably. We use both quarterly and annual data for
our estimation.
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2. Empirical Evidence of South Korean Business Cycles
Our sample includes quarterly data from Canada (CAN), France
(FRA), Germany (DEU), Italy (ITA), Japan (JPN), South Korea
(KOR), Mexico (MEX), the United Kingdom (GBR), the United
States (USA), and Argentina (ARG) for the period
1960Q1-2018Q3. Tables 1.2 to 1.5 report the key business cycle
moments. The series we are particularly interested in are such aggregate quantities as private final consumption expenditure, gross
domestic product, gross capital formation, government expenditure, external balance of goods and services, and employment. All
series are seasonally adjusted given that we are dealing with quarterly data, and we use the Hodrick-Prescott filter (HP-filter) to derive business cycle moments. Since we use quarterly data, we impose smoothing parameter γ = 1600 and take the log of a given
variable and then apply the HP-filter.
Specifically, for a given variable xt , we assume that it consists of
a trend component (τt ) and a cyclical component (ct ) such that
y t = τ t + c t + ϵt

where ϵt is an error term. We then solve the following minimization problem to extract a trend and cyclical component from the
original series:
𝑇

𝑇−1

min( ∑(𝑦𝑡 − 𝜏𝑡 ) (𝑦𝑡 − 𝜏𝑡 ) + 𝜆 ∑[(𝜏𝑡+1 − 𝜏𝑡 ) − (𝜏𝑡 − 𝜏𝑡−1 )]2 )
τ

𝑡=1

𝑡=2

where we choose a positive value of λ depending on the frequency
of data at hand. In the above minimization problem, the first term
penalize a deviation of trend from the original series where the
second term penalizes a deviation in the growth rate of the trend
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component τt . For our empirical analysis, we first apply the seasonality adjustment filter, then use the HP filter to remove a cyclical component from the original series to obtain a trend component for a given variable. Instead of applying the HP-filter, we
could opt to use other means of detrending techniques such as applying a band-pass filter or taking a grow rate of an original series.
As you will see in Chapter 6, we do not find a significant difference in terms of applying different filters for detrending. Thus, in
this chapter, we will stick with applying the HP-filter to extract a
cyclical component of aggregate quantities. Furthermore, in addition to filtered level variables, we also consider the growth rate of
these variables, and for growth rates, we take the log-difference of
the unfiltered series and take the residuals as a cyclical component
of the original series.
For our empirical exercise, we obtain relevant data from the
Quarterly National Accounts from the Organisation for Economic Co-operation and Development (OECD). For output, we use
the series gross domestic product - expenditure approach (series ID:
B1_GE, VOBARSA) and for consumption, we use the series private final consumption expenditure (series ID: P31S14_S15, VOBARSA). For investment, we use the series gross fixed capital formation (series ID: P51, VOBARSA) and for government expenditure, the series general government final consumption expenditure
(series ID: P3S13, VOBARSA). To compute net-exports, we take
the difference between the series exports of goods and services (series ID: P6, VOBARSA) and imports of goods and services (series
ID: P7, VOBARSA). For total employment, we use the series total
employment (series ID: ETONC, PERSA). For expenditure variables, the measures are in national currency of volume estimates for
OECD reference year and in annual levels. The series runs from
1960:Q1 except the series total employment which is from
1995:Q1. Table 1.1 reports the variables of our interests.
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We obtain the following business cycle moments: In Tables 1.2
and 1.3, we present the volatility of filtered components and the
relative volatility of these variables with respect to output volatility. For a given variable x, a volatility of its filtered component is
estimated by
σx = standard deviation of x̂

where x̂ is a filtered component of the variable x. Similarly, the
relative volatility of x is given by
relative volatility of x = σx /σy

where σy is the standard deviation of the filtered output.
Focusing on South Korean business cycle statistics, we observe
that relative volatilities of consumption (1.06) and that of
net-exports (0.7463) of South Korea are estimated to be large. It
suggests that consumption is slightly more volatile than output,
and the volatility of net-exports is 70% of that of output in South
Korea. These estimates are similar to those estimated for Mexico
and substantially smaller than those for developed economies such
as France, Japan, Germany, the UK, and the US. For the relative
volatility of government expenditure, it is estimated to be similar
Table 1.1. Data Sources
Variable
Output
Import
Export
Government
spending
Consumption
Investment
Employment

Note
Gross domestic product - expenditure approach
Imports of goods and services
Exports of goods and services
General government final consumption
expenditure
Private final consumption expenditure
Gross fixed capital formation
Total employment

Source: Quarterly National Accounts, OECD.

Series ID
B1_GE, VOBARSA
P7, VOBARSA
P6, VOBARSA
P3S13, VOBARSA
P31S14_S15, VOBARSA
P51, VOBARSA
ETONC, PERSA
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Table 1.2. The Volatility of Filtered Variables (in Levels)
GDP
CAN
FRA
DEU
ITA
JPN
KOR
MEX
GBR
USA
ARG

1.34
1.09
1.54
1.44
1.50
2.32
2.06
1.52
1.60
3.95

Net-exp Gov. Exp
0.67
0.40
0.66
0.75
0.54
1.73
1.44
0.54
0.33
1.06

1.12
0.63
1.35
0.83
1.09
1.79
2.46
1.21
1.40
1.42

Cons
1.09
0.88
1.18
1.28
1.18
2.46
2.18
1.54
1.23
3.26

Investment
3.71
2.51
3.96
3.73
3.41
8.36
8.11
4.21
4.00
8.38

Population
0.11
0.04
0.14
0.12
0.10
0.09
0.05
0.05
0.07

Empl.

Hours
worked

0.50
0.61
0.60
1.55
0.49

Notes:

CAN, FRA, DEU. ITA. JPN, KOR, MEX, GBR, USA, ARG refer to Canada, France,
Germany, Italy, Japan, South Korea, Mexico, the UK, the USA, and Argentina. GDP,
net-exp, gov. exp, cons, investment, population, empl., hours worked respectively refer to
the HP-filtered volatility of gross domestic product, net-exports, government expenditure, consumption expenditure, population, employment, and hours worked. Estimates
in percentage terms.
Source: Quarterly National Accounts, OECD.

Table 1.3. The Relative Volatility of Filtered Variables (in Levels)
Net-exp

Gov Exp.

Cons

CAN

0.50

0.84

0.81

2.77

0.08

FRA

0.36

0.57

0.80

2.30

0.04

0.46

DEU

0.43

0.87

0.76

2.57

0.09

0.39

ITA

0.52

0.58

0.89

2.60

0.08

0.42

JPN

0.36

0.73

0.79

2.27

0.07

KOR

0.75

0.77

1.06

3.61

0.04

MEX

0.70

1.20

1.06

3.94

0.02

GBR

0.36

0.80

1.01

2.77

0.03

USA

0.21

0.88

0.77

2.50

0.04

ARG

0.27

0.36

0.83

2.12

Notes:

Investment Population

Empl.

Hours
worked

0.67
0.32

CAN, FRA, DEU. ITA. JPN, KOR, MEX, GBR, USA, ARG refer to Canada, France,
Germany, Italy, Japan, South Korea, Mexico, the UK, the USA, and Argentina. Net-exp,
gov. exp, cons, investment, population, empl., hours worked respectively refer to the
HP-filtered relatively volatility of net-exports, government expenditure, consumption
expenditure, investment, population, employment, and hours worked to that of output.
Source: Quarterly National Accounts, OECD.
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to the one estimated for other countries. The results are, in general,
consistent with the evidence from Aguiar and Gopinath (2007),
hereafter AG2007. Compared to AG2007, we consider a substantially longer sample period, taking a pre-1979 and a post-2013 data.
Still, the key observation from AG2007 that emerging market
economies including South Korea exhibit a higher relative consumption volatility mostly remains the same.
We also conduct some further estimation exercises.
First, instead of decomposing a given variable into trend and cyclical components by assuming that this variable is trend stationary,
we could also assume that this variable is difference stationary.
Since log-differencing is an approximation for a growth rate when
it is not too much different from zero, we compute the business
cycle moments for a growth rate by taking the log-difference of a
given variable.
In Tables 1.4 and 1.5, we report the volatility of key aggregate
Table 1.4. The Volatility of Variables (in Growth Rates)
GDP

Net-exp

Gov. Exp

Cons

Investment

CAN

0.85

2.83

1.14

0.79

2.14

FRA

1.12

1.14

0.47

0.82

1.74

DEU

1.06

2.77

1.30

0.97

3.38

ITA

1.01

1.64

0.73

0.85

2.03

JPN

1.27

1.59

0.96

1.26

2.40

KOR

1.91

5.38

1.58

1.90

6.56

MEX

1.24

2.78

2.48

1.33

4.41

GBR

0.93

1.73

1.19

1.07

3.04

USA

0.81

1.59

0.89

0.66

1.97

ARG

1.99

4.08

1.39

2.63

4.89

Notes:

CAN, FRA, DEU. ITA. JPN, KOR, MEX, GBR, USA, ARG refer to Canada, France,
Germany, Italy, Japan, South Korea, Mexico, the UK, the USA, and Argentina. GDP,
net-exp, gov. exp, cons, and investment respectively refer to the volatility of gross domestic product, net-exports, government expenditure, consumption expenditure, and investment in growth rates. Estimates in percentage terms.
Source: Quarterly National Accounts, OECD.
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Table 1.5. The Relative Volatility of Variables (in Growth Rates)
CAN
FRA
DEU
ITA
JPN
KOR
MEX
GBR
USA
ARG

Net-exp
3.33
1.02
2.61
1.62
1.25
2.82
2.24
1.86
1.96
2.05

Gov Exp.
1.34
0.42
1.23
0.72
0.76
0.83
2.00
1.28
1.10
0.70

Cons
0.93
0.73
0.92
0.84
0.99
0.99
1.07
1.15
0.81
1.32

Investment
2.52
1.55
3.19
2.01
1.89
3.43
3.56
3.27
2.43
2.46

Notes:

CAN, FRA, DEU. ITA. JPN, KOR, MEX, GBR, USA, ARG refer to Canada, France,
Germany, Italy, Japan, South Korea, Mexico, the UK, the USA, and Argentina. Net-exp,
gov. exp, cons, and investment respectively refer to the relatively volatility of net-exports,
government expenditure, consumption expenditure, and investment.
Source: Quarterly National Accounts, OECD.

quantities and the relative volatility of these variables with respect
to the volatility of output in growth rates. Examining South Korean business cycle statistics, we again observe that relative volatilities of consumption (0.99) is large, although it is slightly less volatility than the relative consumption volatility estimated with filtered variables.
In order to examine whether there was a structural change in
South Korea affecting its aggregate fluctuations, we split the sample
into two subsamples, one ranging from 1960 to 1988 and the other
from 1989 to 2018, in order to examine and account for substantially lower economic growth in the second sample. Tables 1.6 and
1.7 report the volatility of key variables in two samples.
We observe that for South Korea the output becomes a lot less
volatile in the second sample (after 1989) while consumption volatility virtually remain the same for two sample periods (1.88 for
1961-1988 and 1.85 for 1989 to 2018). Thus, the relative consumption volatility is higher for the second period than the first. In addition, we find that the relative volatility of net-exports to output
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Table 1.6. The Volatility of Variables in Growth Rates: 1960Q1-1988Q4
GDP

Net-exp

Gov Exp.

Cons

Investment

CAN

0.97

1.34

1.38

0.94

2.20

FRA

1.49

0.80

0.49

0.98

2.19

DEU

1.23

0.94

1.58

1.08

4.34

ITA

1.13

1.50

0.40

0.81

2.15

JPN

1.19

1.47

1.16

1.25

2.64

KOR

2.26

2.23

1.99

1.88

8.65

MEX

1.12

3.30

3.04

1.11

4.12

GBR

1.19

1.12

1.31

1.34

3.34

USA

0.97

0.72

1.03

0.78

2.29

Notes:

CAN, FRA, DEU. ITA. JPN, KOR, MEX, GBR, USA, ARG refer to Canada, France,
Germany, Italy, Japan, South Korea, Mexico, the UK, the USA, and Argentina. Net-exp,
gov. exp, cons, and investment, population refer to the relatively volatility of net-exports,
government expenditure, consumption expenditure, and investment.
Source: Quarterly National Accounts, OECD.

Table 1.7. The Volatility of Variables in Growth Rates: 1989Q1-2018Q3
GDP

Net-exp

Gov Exp.

Cons

Investment

CAN

0.64

3.73

0.77

0.58

2.05

FRA

0.47

1.20

0.31

0.53

1.10

DEU

0.85

2.93

0.93

0.79

2.13

ITA

0.69

1.68

0.77

0.65

1.88

JPN

1.04

1.30

0.58

1.00

1.74

KOR

1.33

6.41

1.02

1.85

3.07

MEX

1.28

2.18

1.61

1.50

4.67

GBR

0.58

1.47

1.06

0.71

2.71

USA

0.59

1.61

0.68

0.49

1.60

ARG

1.99

4.08

1.39

2.63

4.90

Notes:

CAN, FRA, DEU. ITA. JPN, KOR, MEX, GBR, USA, ARG refer to Canada, France,
Germany, Italy, Japan, South Korea, Mexico, the UK, the USA, and Argentina. Net-exp,
gov. exp, cons, and investment, population refer to the relatively volatility of net-exports,
government expenditure, consumption expenditure, and investment.
Source: Quarterly National Accounts, OECD.

(4.82) in second period increase almost fivefold from the first period where the relative volatility is close to unity. This is understandable given that South Korea has become a major exporting
country in the world.
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Table 1.8 reports the estimated skewness coefficient of key variables across countries. Estimated skewness characterizes the
measure of symmetry in distribution, and it shows that consumption is left-skewed and net-exports are right-skewed. Both observations are somewhat contradicting evidence obtained from other
countries. For most countries in our sample except the US,
net-exports are estimated to be negatively skewed or symmetric.
For consumption, we find that the negative skewness of consumption is most notable for South Korea. Table 1.8 reports the estimated kurtosis coefficient of the filtered variables across countries.
Kurtosis describes the shape of a distribution, specifically the
tailedness of the probability distribution. Kurtosis of most filtered
variables are estimated to be greater than 3 for South Korea suggesting that the distribution of these variables has fatter tails than a
normal distribution, the observation also evident from other
countries.
Table 1.8. The Estimated Skewness Coefficients of Filtered Variables
GDP

Net-exp

Gov.
Exp.

Cons

Investment

Population

CAN

-0.60

0.06

0.07

-0.45

-0.08

-0.39

Empl.

FRA

-2.02

-0.05

0.08

-0.66

0.12

-0.94

0.31

DEU

-0.25

-0.13

0.14

0.01

-0.81

0.38

0.69

ITA

0.11

-0.46

0.11

0.26

-0.06

-0.03

0.09

JPN

-0.02

-0.81

-0.89

0.96

0.04

1.09

KOR

-0.09

0.91

0.07

-1.01

-0.25

-0.38

MEX

-0.48

-0.31

1.40

-0.19

-0.40

-0.40

GBR

0.66

-0.35

-0.05

0.72

0.01

-0.22

USA

-0.61

0.42

0.00

0.13

-0.47

-0.40

ARG

-0.93

-0.25

0.29

-0.63

-0.48

Hours
worked

-0.27
0.31

Notes: CAN, FRA, DEU. ITA. JPN, KOR, MEX, GBR, USA, ARG refer to Canada, France,
Germany, Italy, Japan, South Korea, Mexico, the UK, the USA, and Argentina. GDP,
net-exp, gov. exp, cons, investment, population, empl, hours worked respectively refer to
the estimated skewness coefficient for gross domestic product, net-exports, government
expenditure, consumption expenditure, population, employment, and hours worked.
Source: Quarterly National Accounts, OECD.

Part 1: Analyzing Economic Fluctuations in South Korea

19

Table 1.9. The Estimated Kurtosis Coefficients of Filtered Variables
GDP

Net-exp

Gov.
Exp.

Cons

Investment

Population

CAN

4.00

2.60

3.08

4.40

3.71

3.06

Empl.

FRA

17.55

3.19

3.54

5.37

3.35

3.96

2.50

DEU

3.43

4.08

4.19

3.66

5.95

3.28

3.43

ITA

2.75

3.04

3.79

2.71

3.47

2.55

2.51

JPN

3.78

4.58

7.47

4.86

2.67

4.96

KOR

4.88

7.76

4.11

8.56

4.78

2.05

MEX

4.72

5.25

11.78

3.75

5.59

2.77

GBR

4.33

4.35

3.95

4.50

3.41

3.01

USA

3.87

3.19

3.82

3.64

3.54

3.95

ARG

3.79

3.98

2.60

3.65

3.86

Hours
worked

2.11
4.13

Notes:

CAN, FRA, DEU. ITA. JPN, KOR, MEX, GBR, USA, ARG refer to Canada, France,
Germany, Italy, Japan, South Korea, Mexico, the UK, the USA, and Argentina. GDP,
net-exp, gov. exp, cons, investment, population, empl., hours worked respectively refer to
the estimated kurtosis coefficient for gross domestic product, net-exports, government
expenditure, consumption expenditure, population, employment, and hours worked.
Source: Quarterly National Accounts, OECD.

We also have business-cycle statistics associated with hours
worked in South Korea. The results show that the filtered volatility of hours worked is estimated to be 0.02 and the relative volatility of hours worked to that of output is 0.67. It is estimated to be
mildly left-skewed at -0.27 and the kurtosis is 2.11.
A correlation between aggregate quantities matter greatly in
understanding fluctuations, thus we also compute a
cross-correlation between key aggregate quantities. Table 1.10
shows the summary statistics of filtered (time differenced) output
and its original variable: the volatility of log output is 2.33 and the
volatility of the first difference of log output is 1.99. Compared to
the estimates of Aguair and Gopinath (2007), our estimates suggest
a volatility of output is very similar to theirs.
Table 1.11 reports the volatility of consumption (1.09), investment (2.44), government expenditure (1.01), and the ratio of net
exports to GDP (3.54), expressed as a percentage of output volatil-
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Table 1.10. The Volatility and Autocorrelation of Output
Data

σ(Y)
2.33

σ(ΔY)
1.91

ρ(Yt , Yt−1 )
0.71

Notes:

Y and ΔY are obtained by taking the log of real GDP and taking the first difference of
logarithm of real GDP.
Source: Quarterly National Accounts, OECD.

Table 1.11. The Relative Volatility of Consumption, Investment, Government
Expenditure, and Net Exports
Data

σ(ΔC)/σ(ΔY)
1.09

σ(ΔI)/σ(ΔY)
2.44

σ(ΔG)/σ(ΔY)
1.01

σ(ΔNX)/σ(ΔY)
3.54

Notes: A given variable X is obtained by taking the logarithm of the original variable.
Source: Quarterly National Accounts, OECD.

ity. It is well-known that in emerging market economies consumption is more volatile than output is (see Panel B of Table 2 in
Aguiar and Gopinath (2007): At business cycle frequencies, the ratio of consumption volatility to output volatility is approximately
1.4 in emerging market economies. On the contrary, the ratio of
the volatility between consumption and output is mostly less than
one in developed economies. South Korea again fits the bill for
possessing the characteristics of emerging market economies even
when we add new observations and concentrate on a more recent
period in comparison to Aguiar and Gopinath (2007).
Table 1.12 documents the correlation of consumption, investment, government expenditure, and net-exports with income at
business cycle frequencies. The large countercyclical dynamics of
trade-balance to output is also a distinct feature of emerging market economies. Here, we find that the statistic is estimated -0.19, a
small but still negative, suggesting a mild countercyclicality of
net-exports dynamics.
The business-cycle statistics obtained so far suggest that taking a
closer look at the longer series from 1960 to 2018, South Korean
economy behaves much like the emerging market economies. One
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Table 1.12. The Contemporaneous Correlation with Output
Data
AG2007

ρ(C, Y)
0.65
0.85

ρ(I, Y)
0.60
0.78

ρ(G, Y)
-0.21
-

ρ(NX/Y, Y)
-0.19

Notes: A given variable X is obtained by taking the logarithm of the original variable.
Source: Quarterly National Accounts, OECD.

of the concern with the empirical regularities documented is the
measurement error using the data at the quarterly frequency, and
paying a particular attention to the specific time periods. Thus, we
conduct two further analysis using South Korean data. First, we
compute the set of moments for more recent periods taking into
account of the possible structural changes for the South Korean
economy. Table 1.13 shows the results, and we find that the several unique characteristics of merging market business cycles (documented using the more recent data) become stronger when using
more recent data from 1989 onward. Two stylized facts are observed such that (1) consumption is more volatility than output (or
income) and (2) net-exports exhibit more countercyclicality. Obviously, given that these economies have experienced a dramatic
structural transformation, the observed lack of stationarity in the
data isn’t something unexpected. This is interesting since the explanation for such non-stationarity was that many of these economies earlier in the data behaved as if they were closed economies
or had tight controls on private capital flows. But since then many
of the economies became open to international market and capital
flows, and South Korea could as well be the one of such economies.
At the same time, there may be other fundamental transformation
of South Korean economy such that its export decomposition and
industry concentration might have been fundamentally altered,
which could have explained the changes in business cycle moments
over time.
Second, we calculate the relative volatility of key variables with
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respect to output using annual data from 1970 to 2017. Figures 1.2
and 1.3 and Table 1.14 report the estimation results. Our result
suggest that consumption, investment, and net-exports are all as
volatile as output is, though, in comparison to the estimates from
quarterly data, we observe that these variables are estimated to be
less volatile (relatively to output) when using annual data.
Figure 1.2. Macro Aggregates (Annual), South Korea: 1970–2017

Notes: The solid line denotes variables in levels.
Source: Annual National Data. OECD.
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Figure 1.3. Cyclical Components of Macro Aggregates (Annual), South Korea:
1970–2017

Notes: The solid line denotes the cyclical components of macro aggregates.
Source: Annual National Data. OECD.

Technology Shocks, Fluctuations, and Labor Market

24

Table 1.13. Business-cycle Moments: 1989-2018
(A) Volatility and Autocorrelation of Filtered Output and Growth Rates
σ(Y)
1.99

Data

σ(ΔY)
1.33

ρ(Yt , Yt−1 )
0.81

ρ(ΔYt , ΔYt−1 )
0.38

(B) Relative Volatility of Consumption, Investment, Government Expenditure, and Net Exports
σ(C)/σ(Y)
1.50

Data

σ(I)/σ(Y)
2.54

σ(G)/σ(Y)
0.60

σ(NX)/σ(Y)
3.22

ρ(G, Y)
-0.03

ρ(NX/Y, Y)
-0.30

(C) Contemporaneous Correlation with Output
ρ(C, Y)
0.91

Data

ρ(I, Y)
0.87

Notes:

Given variables X and ΔX are obtained by taking the log of and taking the first difference of logarithm of the original variable. Volatility estimates in percentage terms.
Source: Quarterly National Accounts, OECD.

Table 1.14. The Relative Volatility to Output (annual), South Korea: 1970-2017
Consumption

Trade balance

Investment

0.88

1.02

0.87

Data

Government
expenditure
0.09

Notes: We compute the ratio of the volatility of a given variable to that of output.
Source: Annual National Accounts, OECD.

3. Discussion
In this chapter we have described the unconditional features of
South Korean business cycles taking a closer look at the raw data. By
examining more recent data from 1989 suggests that some of the evidence used to describe South Korean business cycles can still characterize the South Korean economy. Since our overall aim of this paper
is to try to understand the dynamics of fluctuations in a structural
set-up, paying a particular attention to the effect of realized and unrealized technology shocks, we will move on in Chapters 2 and 3 to
briefly illustrate two of our benchmark models – a permanent income consumption model and a small-open-economy real business
cycle model to identify the importance of technological and
non-technological shocks describing South Korean economy.
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II. A Permanent Income Consumption Model with
Learning
1. Introduction
This chapter and the next lay out two benchmark models we are
going to rely on throughout the rest of this paper and discuss key
implications of the models using South Korean data analyzing the
effects of anticipated technology shocks and a disturbance affecting
agents’ belief on fluctuations. First, this chapter discusses a widely
used partial equilibrium consumption model based on the permanent income hypothesis (PIH consumption model). Agents
smooth out consumption spending as a function of their expected
long-run income, and this spending behavior delivers an excessive
consumption smoothness to income. This way of modelling requires approximating households’ behavior greatly since the underlying consumption mechanism does not likely hold for credit
constrained households that act as if they are hand-to-mouth consumers (Keynesian consumers), not being able to smooth consumption spending over time. While fully recognizing shortcomings of this model, we attempt to argue that this drastically stylized
model can still provide an interesting consumption dynamics.
Here, our modelling framework extends the standard structure
of a PIH consumption model by introducing a particular form of
imperfect information and (rational) learning of the agents. Specifically, when agents face an income shock, which could either be
transitory (having only a temporary effect) or permanent (having a
long lasting effect), they are unable to perfectly identify the type of
shocks such that when agents’ income increases, this could be due
to a permanent increase in their income or it could just be a
one-time (and persistent) shock to their income and their future
income will eventually return to what it was before the shock hits
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the economy.
Formally speaking, agents are fully aware of the structure of income shocks, or productivity process,3 and they also perfectly observe their income or productivity as a whole at any given time.
Given that this income (or productivity) process is composed of
two separate components – a permanent one and a transitory one
and that agents are assumed to behave as if they are permanent income consumers, they will only care about the permanent changes
in income and not about transitory changes. Thus, given information, agents will try their best to estimate the type of income
shocks that hit the economy and to identify the associated
long-run income changes. (In other words, agents rationally forecast their future income and choose spending accordingly. In
Chapter 5, we further test whether South Korean consumers have
behaved rationally when choosing spending.)
We introduce the idea that agents (or we could safely identify
them as consumers given that this is essentially a partial equilibrium endowment economy) have more information about the
state of the economy, in this case income or productivity level,
than readily available from the income or productivity signal.
More precisely, we allow that consumers observe an additional
signal about their interest, a permanent income change, and this
additional information further helps agents identify the type of
income shocks hitting the economy. This noisy signal can be interpreted as an aggregation of all outside information other than
productivity information available to consumers.
This theory of fluctuations relies on shocks altering consumers’
expectation on income or productivity changes such that permanent income consumers form anticipations about the long-run by
3

In this permanent income consumption model and the small open economy real
business cycle model (SOE-RBC model) to be discussed in the next chapter, we could
freely use income and productivity interchangeably.
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filtering signals about their long-run income as characterized in
Lorenzoni (2009), Blanchard, L'Huillier, and Lorenzoni (2013) and
Cao and L'Huillier (2017). Later, these signals sometimes turn out
to be news (that anticipated events actually being realized) and
sometimes just noise (that expected events not being realized), and
agents need to solve a filtering problem to make a decision on how
much to consume. Later on, if information turns out to be news,
agents adjust their expectations upward (or downward), and the
economy gradually adjusts to a new level of activity; if information
turns out to be just noise, the economy returns to its pre-shock
state of activity.
Here, we are interested in how much consumption fluctuations
can be explained by shocks affecting technology of the economy
(permanently or temporarily) and noise shocks altering only consumers’ perception of the state of the economy. For the rest of this
chapter, we first formally derive a simple permanent income consumption model and proceed to estimate the parameters of the
model to deliver implications derived from the estimates.4
2. Literature
The idea that expectations matter for fluctuations has a long
history: A business cycle model where expectations play a significant role was first suggested by Pigou (1927), which emphasizes
that fluctuations could arise as a result of agents’ inability to correctly forecast the economy’s need in terms of capital and subsequent investment swings, and Beaudry and Portier (2004), where
agents receive an imperfect signal about future productivity
growth and make decisions about investment based upon these
signals, are frequently cited works that rejuvenated this strand of
4

Given a space constraint, some detailed mathematical expositions may just be directed to a relevant literature.
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literature.
Focusing on how agents are unable to distinguish permanent
and transitory productivity shocks is a particular form of imperfect information and has been closely examined in Boz, Daude, and
Durdu (2011), Cao and L’Huillier (2018), Lorenzoni (2009),
Blanchard et al. (2013), and Rousakis (2013), Yoo (2018) among
others. Boz et al. (2011) extend the discussion of Aguiar and Gopinath (2007) studying emerging market business cycles and build
an equilibrium small open economy business-cycle model in which
agents are unable to fully identify the permanent and transitory
productivity shocks, emphasizing the role of uncertainty in explaining fluctuations in the emerging market economies; Cao and
L’Huillier (2018), using a model with noisy news about the future,
explain a unified story for observed joint dynamics of consumption and productivity in the medium run of 20 to 25 year window
and emphasize the delayed adjustments of beliefs about the future
following permanent shocks to productivity for consumption dynamics; Lorenzoni (2009) builds an equilibrium business-cycle
model in which consumers’ expectations about the future productivity are the key driver of fluctuations by focusing on noise
shocks concurrently increasing output, employment, and inflation
in the short-run but having no long-run effects on these variables;
Blanchard et al. (2013) embed the aforementioned imperfect information structure to study fluctuations in a simple permanent
income consumption model and a small scale dynamic stochastic
general equilibrium (DSGE) model and show that noise shocks are
an important source of short-run fluctuations; Rousakis (2013)
considers a competitive monetary economy with a noise shocks
affecting agents’ expectation shocks can either resemble demand
shocks or mimic supply shocks depending on the economy’s pursuit of monetary policy; Yoo (2018) extends the noisy information
and allows the quality of signals to be not only noisy but also am-
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biguous to quantitatively study the asymmetric consumption dynamics to match a negative skewness in consumption growth
widely observed across many countries.
Analyzing a mechanism that agents’ consumption decision relies
on permanent income in dynamic stochastic environment is extensively scrutinized in Blanchard et al. (2013), Cao, L’Huillier,
and Yoo (2016), Cao and L’Huillier (2018), and L’Huillier and Yoo
(2018). Specifically, Blanchard et al. (2013) and Cao and L’Huillier
(2018) derive a simple permanent income behavior respectively
from a widely used small scale New Keynesian model and from a
small open economy RBC model without capital and investment.
Similarly, L’Huillier and Yoo (2018) empirically examine a lack of
general equilibrium feedback effects in a medium scale dynamic
stochastic general equilibrium (DSGE) model and suggests under
what conditions consumption is entirely determined by changes in
permanent income. Cao et al. (2016) study the small open economy model with capital and investment theoretically and empirically investigate the role of trend shocks (permanent shocks) in
generating aggregate dynamics explicitly deriving conditions under
which trends shocks become a sole source of fluctuations.
3. Model
This model captures the notion that productivity changes follow
the two types of exogenous shocks. The first one, a permanent
shock, has a permanent effect on productivity movements and the
effects of the second one, which we call a transitory shock, only
affects productivity movements temporarily and has no effects in
the long-run. Modeling productivity movements with a permanent
and transitory shock is previously discussed in Aguiar and Gopinath (2007), Garcia-Cicco, Pancrazi, and Uribe (2010), Blanchard
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et al. (2013) among others.5
The second ingredient of this model is that consumers’ spending
decision is based upon their expectations about the future, in particular, about the long-run productivity. We assume that agents
observe productivity as a whole but are not able to separately observe two components. Allowing that agents have more information than available from current and past productivity, we assume that agents observe an additional signal about the permanent
productivity as in Blanchard et al. (2013), Boz, Daude, and Durde
(2011), Cao and L’Huillier (2018), and Yoo (2018) among others.
Concentrating on the informational aspect of the model and on
the behavior of consumption lets us significantly simplify the
model structure such that consumption is assumed to be the only
endogenous variable to be solved for and the dynamics of output,
and consequently consumption, are determined by three exogenous shocks, two productivity shocks (permanent and transitory)
and a shock to agents’ perception called a noise shock. This could
obviously lead to a criticism that we neglect a number of very important ingredients in aggregate economic fluctuations and that the
permanent income hypothesis is inconsistent with the data. (This
is especially true given that some consumers are liquidity constrained.) Moreover, unlike the US and other developed economies,
in emerging market economies consumption growth is not necessarily smoother than GDP growth as noted in Aguair and Gopinath (2007) and as also presented in Chapter 1 of this paper. Still,
we believe that this is a reasonable starting point to analyze the
consumption fluctuations and could provide useful benchmark
results to understand consumption dynamics.
5 Since the underlying theme of this paper is to study the role of technology shocks in
fluctuations, it may be worthy to explorer the notion of technology shocks assumed
here. As noted previously, we first classify the shocks in two types – one that delivers
a long-run changes in productivity and the other that only has a temporary effect.
Furthermore, we also incorporate the notion that effects of a shock is persistent.
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3.1. Information

We consider the imperfect information structure known as
“news and noise” information discussed in Boz et al. (2011),
Blanchard et al. (2013), L’Huillier and Yoo (2017), and Yoo (2018)
where agents observe productivity process at (in logs):
a t = x t + zt ,

where productivity at is a sum of permanent productivity xt and
transitory productivity zt . The permanent productivity process xt
is given by
∆xt = ρx ∆xt−1 + εt ,

the process randomly changing over time due to a permanent
shock, having a long-run effect. The persistent parameter ρx is in
[0, 1) and εt is an i.i.d. Gaussian shock with mean zero and variance σ2ϵ .
The transitory shock process is given by
zt = ρz zt−1 + ηt ,

the process that follows the stationary shock ηt which is an i.i.d.
Gaussian (transitory) shock with mean zero and variance σ2η , and
the persistent parameter ρz is in [0, 1). For subsequent exercises, we
make a further parametric assumption on the productivity persistence parameters and the standard deviations of productivity
shocks such that ρx = ρz = ρ. We will discuss this parametric simplification in Chapter 4. Roughly speaking, this parsimonious
parametric restriction ensures that the productivity process at
behaves as if it is a random walk.
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In addition to productivity, agents observe a noisy signal st
about the permanent productivity xt :
st = xt + νt ,

where νt is an i.i.d. Gaussian shock with mean zero and a constant
standard deviation σν . This noisy signal provides information
about future fundamentals in addition to productivity signal at .
Here, fundamentals of the economy is simply characterized by
productivity of the economy and a shock to the permanent
productivity process xt has a long-run effect altering long-run
productivity. As we will see later, the econometrician then can
make inferences about the productivity trend, which is unobservable by definition, by looking at the behavior of consumption in
addition to productivity signals itself.
Considering the informational assumption, the consumers’ information set at period t, It , includes current productivity observation at , a noisy signal, st , and all the past signal observations collapse into the lagged information set, It−1, and is observable to
consumers at period t.
It = (a t , st , It−1 ).

For a notational purpose, we denote agents’ expectation or beliefs about a variable xt with information set It is simply given by:
xt|t = E[xt |It ],

where E[· |It ] is the expectation operator.
Summarizing agents’ information and decision making process,
at any given time t, agents observe two informative signals,
productivity and a noisy signal about permanent productivity.
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Given that agents are permanent income consumers and productivity equals income in this model, what agents care about is to
forecast long-run productivity to choose consumption spending. If
agents can perfectly identify the permanent productivity component from the productivity signal as in a perfect information
counterpart, agents can simply choose spending according to permanent productivity observations. (See for example, Aguiar and
Gopinath 2007 and Garcia-Cicco et al. 2010). Unfortunately, this is
not the case when information is imperfect, and agents need to
identify the permanent productivity using a filtering technique by
processing two observed signals. Specifically, we use the standard
Kalman filter to extract permanent productivity components from
signals.
3.2. Deriving Consumption Equation

In this economy, agents are forward looking consumers, and the
consumers’ Euler equation is simply given by
ct = E[ct+1 |It ],

such that the supply side is simplified in a way that there is no capital, and that consumption is the only component of demand.
Since this is a closed economy and that we do not consider international trade and since there is no government, from our model
this suggests that output equals consumption (in logs) and the role
of labor is to match the required input to produce output with the
current productivity level. Thus, we have
yt = c t ,
yt = a t + nt .
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Even if we have labor in the model, we are not particularly interested in the behavior of labor input here. Thus, we do not
thoroughly discuss the dynamics of labor in this chapter. (This is
an obvious short-coming of this model along with the lack of innate general equilibrium feedback.)
Assuming that agents consume everything they have in the
long-run (similar to the transversality condition), the following
restriction must hold:
limj→∞ Et [ct+j − a t+j ] = 0,

and from the consumption Euler equation and the above long-run
restriction, we can easily derive our simple consumption equation
linking contemporaneous choice of spending to productivity:
ct = E[a t+j |It ],

which suggests that consumption depends on consumers’ expectations about long-run productivity.6
3.3. Solving the Model

According to our consumption equation, consumers (rationally)
estimate their beliefs about long-run productivity and choose
spending according to their estimate: Solving the model, therefore,
is simply solving a signal extraction problem as consumers attempt
to estimate the underlying permanent productivity components by
processing available information. This is due to the fact that
long-run productivity is driven by permanent shocks and that
transitory ones die out eventually not altering long-run productiv6

Blanchard et al. (2013) and Cao and L’Huillier (2017) derive this simple consumption
model from a small-scale New-Keynesian model and a small open economy RBC
model with some parameter restrictions.
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ity.
Therefore, in order to solve the model, we first show that consumption is a function of consumers’ expectations about the permanent component of productivity:
ct = (1/(1 − ρ))E[xt|t − ρxt−1|t ],

where xt|t = E[xt |It ] and xt−1|t = E[xt−1 |It ] represent the consumers’
expectations on the current and the previous period’s permanent
components of productivity. The essential ingredient of this
mechanism is that the long-run productivity estimate is consistent
with agents’ expectation given information available at time t, It .7
Since solving the model requires solving for consumption as a
function of beliefs about the long-run productivity, consumers will
try to estimate this long-run productivity by deriving the expectations on the state vector
Xt = (xt , xt−1 , zt )′

using the standard Kalman filter. By letting xt|t , xt−1|t , zt|t represent the current and lagged beliefs on the permanent component of
productivity, and the current beliefs about the transitory component of productivity, with a new observation, the previous estimate of the permanent component can be updated by applying the
following steady-state Kalman filter:
Xt|t = [I − K t × C]AXt−1|t−1 + K t × St ,

where Xt|t = (xt|t , xt−1|t , zt|t )′ is the agents’ belief on Xt at time t,
Xt−1|t−1 = (xt−1|t−1 , xt−2|t−1 , zt−1|t−1 )′ is the agents’ belief on
7

See Appendix of Yoo (2018) for the detailed derivation of this consumption equation.
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at time t-1, and St = (at , st )′ is a vector of observables. A and
C are the 3x3 and 2x3 matrices and depend on underlying parameters of the model:
Xt−1

1+𝜌
𝐴=( 1
0
C= (

1
1

−𝜌
0
0

0
0)
𝜌

0 1
)
0 0

and Kt = (Gt , Ht )′ is a vector of Kalman gains and I is the identify
matrix. By the steady-state Kalman filter, we implicitly imply that
agents have observed enough observations such that the Kalman
gains denoted by Gt and Ht have converged to steady-state Kalman gains G and H, which depend on the underlying parameters
of the model.
Thus, solving the model for consumption is simply determining
beliefs about the long-run and solving for consumption according
to consumption equation determining consumption as function of
agents’ beliefs.
4. Quantitative Implications
4.1. Consumption Responses to Technology and Noise shocks

Figure 2.1 reports the consumption responses to exogenous
shocks in the model. The time unit is one quarter and the impulse
responses are one standard deviation shocks. I use the estimated
parameters in Table 2.2 as parameters for this simulation exercise.
Specifically, the persistence parameter for productivity ρ is set to
0.9692 and σu is set to 1.56% which implies that the standard deviations of the technology shocks are given by σϵ = 0.05 and
ση = 1.53. We also set the standard deviation of the noise shock, σν ,
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Figure 2.1. Impulse Responses, Consumption: South Korea

Notes:

The solid line denotes the consumption responses to (a) a permanent technology shock,
(b) a transitory technology shock, and (c) a noise shock.

to 6.75%. Similarly, Figure 2.2 reports the responses of productiv-

ity to three shocks. Since productivity does not depend on the
consumers’ expectations, a noise shock does not move productivity.
In response to a permanent technology shock, consumption increases slowly, which implies that the volatilities of other shocks,
which cloud consumers’ ability to recognize and adjust consumption, are relatively large. Similarly, in response to a transitory
technology shock, consumption initially increases but then declines. (Obviously, a slow adjustment following technology shocks
is due to the fact that the estimated persistency parameter is large.)
As productivity initially increases and then slowly declines, consumers partly believe that this increase in productivity is due to a
permanent increase in productivity. However, consumers eventually learn over time that the increase in productivity is due to the
transitory shock and consumption returns to the original level.
(That is why this shock is called a transitory shock.) A noise shock
does not change fundamentals but only affects agents’ perception
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Figure 2.2. Impulse Responses, Productivity: South Korea

Notes: The solid line denotes the responses of productivity to (a) a permanent technology shock,
(b) a transitory technology shock, and (c) a noise shock.

of the economy, and its effects are only temporary. Therefore,
when a positive noise shock hits the economy, agents become optimistic about their long-run income proxied by productivity, and
their consumption increases initially. Over time, agents will eventually realize that the shocks are induced by a pure noise and consumption will return to normal.
Table 2.1 summarizes the identification of three shocks in the
model. Both technology shocks affect productivity in the
Table 2.1. Identifying Shocks
Shocks
Permanent tech.
Transitory tech.
Noise

Notes:

Productivity
(S-R)
+
+
0

Productivity
(L-R)
+
0
0

Consumption
(S-R)
+
+
+

Consumption
(L-R)
+
0
0

Assume that the shocks are positive ones. “+” denotes that productivity or consumption
is increased and “0” implies that there is no change in productivity or consumption. For
convenience, we refer a long-run (L-R) as having a permanent effect on productivity or
consumption, and a short-run as not having a permanent effect. “Permanent tech,”
“Transitory tech,” and “Noise” respectively refer to a permanent technology shock, a
transitory technology shock, and a noise shock described in the previous section.
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short-run but only a permanent technology shock has a long-run
effect on productivity change. As previously discussed already, a
noise shock does not alter productivity itself. On the contrary, all
three shocks affect consumption in the short-run, however, consumption responses are long-lasting only when it is followed by a
permanent technology shock.
4.2. Estimating the Model

While the econometrician does not observe noisy signals, she
observes consumption and the econometrician’s set of observables
include productivity and consumption series. The identification
strategy follows the notion that consumption contains enough information about consumers’ behavior which depends on agent’s
observation of a noisy signal. Thus, we can construct the econometrician’s filter accordingly, and a likelihood function can be
similarly constructed given that all shocks are Gaussian, and we
can then estimate the model thru the maximum likelihood estimation or Bayesian estimation.
A likelihood function can be constructed and is estimated
through the maximum likelihood estimation. Specifically, the
econometrician’s filtering can be simply adopted from consumers’
filtering previously determined such that the econometrician’s
state vector is given by
Xte = (xt , xt−1 , zt , xt|t , xt−1|t , zt|t )′,

where the superscript e denotes that this state vector is the econometrician’s, and the measurement and the observation equations of
the state space model of the econometrician are as follows:
e
Xte = QXt−1
+ RV
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and
(𝑎𝑡 , 𝑐𝑡 ) = TXte

where the matrices Q, R, and T are the functions of underlying
parameters of the model:8
A
Q = (̅
Q

𝟎
̅)
A

100
000
R=(
)
010
𝑅̅
101 0 0 0
−ρ
T = (0 0 0 1
0)
1−ρ 1−ρ

where
̅ = B (1 + ρ 0 0) + B (1 + ρ 0 0) + B (1 + ρ 0 0)
R
1+ρ 0 0
1+ρ 0 0
1+ρ 0 0
0 0 0
𝟎 = ( 0 0 0)
0 0 0
̅ = B (1 + ρ − ρ ρ)
Q
1+ρ −ρ 0
̅ = [I − GC1 ][I − HC2 ]A.
A
8

For detailed derivation of the econometrician’s filter, please consult Blanchard,
L’Huillier, and Lorenzoni (2013) or L’Huillier and Yoo (2017).
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We then simply use a full information estimation (maximum likelihood estimation) by matching consumption and productivity
data on our likelihood function. For estimation, consumption is
constructed by taking the first difference of the logarithm of the
ratio of private final consumption expenditure (series ID:
P31S14_S15, VOBARSA) to population (series ID: POPNC,
PERSA) whereas productivity is constructed by taking the first
difference of the logarithm of the ratio of real GDP (series ID:
B1_GE, VOBARSA) to total employment (series ID: ETONC,
PERSA). We could instead use the filtered consumption and real
GDP as our observables. All series are available at the OECD and
run from 1983:Q1 to 2016:Q1. Following Blanchard et al. (2013),
we also remove secular drift in the consumption-to-productivity
ratio from the consumption series. Table 2.2 shows the estimation
results with South Korean consumption and productivity data.
The results show that the persistence parameter is estimated at
0.969. A highly persistent productivity generates a very small size
of permanent productivity shocks (0.05%). On the other hand, the
size of noise shocks is shown to be large at 6.75%.
As previously discussed, qualitative implications of the dynamic
Table 2.2. Parameter Estimates, South Korea: 1983Q2-2016Q1
Parameter

Description

Value

s.e

ρ

Persistence productivity

0.9692

0.0092

σu

Std dev. productivity

0.0156

0.0008

σϵ

Std dev. permanent shock (implied)

0.0005

-

ση

Std dev. transitory shock (implied)

0.0153

-

σν

Std dev. noise shock

0.0675

0.0193

Likelihood

705.07

Notes:

Two standard deviations of structural shocks are indirectly recovered. Thus, no standard
errors are given.
Source: Quarterly National Accounts, OECD.
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effects of each shock are that permanent shocks on productivity
slowly and steadily increase productivity and consumption, that
transitory shocks on productivity have slowly decreasing effects on
productivity and consumption, and that noisy shocks generate
slowly decreasing effects on consumption.
Table 2.3 and Figure 2.3 report the implications of the estimated
parameters for the variance decomposition of aggregate quantities
in this model – consumption and productivity, showing the contribution of the three shocks to the forecast error variance at different horizons. First, to explain consumption fluctuations, noise
shocks must play a very important role, especially for a short run
volatility, explaining 70% of consumption volatility at a one year
horizon, and it still has a substantial effect even after four years,
explaining more than 40% of consumption fluctuations. On the
contrary, both permanent and transitory technology shocks, play
a much smaller role in explaining short run consumption fluctuations, having almost no effect (for a permanent technology shock)
and explaining less than 25% of consumption fluctuations (for a
transitory technology shock) on a quarterly volatility. A permanent shock starts playing a much more important role over time,
having explained more than 40% of consumption fluctuations at a
4-year horizon. On the contrary, the consumption effect of a transitory technology shock hits its maximum at a 8- quarter horizon
with explaining a one quarter of consumption fluctuations, then its
explanatory power of consumption dynamics starts declining.
For productivity, transitory shocks are a major source of
short-to-medium run volatility, explaining over 90% of productivity volatility at a 16-quarter horizon. Even at a 4-year horizon, a
permanent technology shock can only generate 13% of total
productivity dynamics. Only after a 50 quarter horizon, a permanent technology shock can explain roughtly one half of the total
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Figure 2.3. Variance Decomposition, South Korea (80 Quarters)

Notes:

The large circle, the medium-sized circle, and the small circle respectively denote a contribution of permanent technology shocks, of transitory technology shocks, and noise
shocks on productivity and consumption fluctuations.

Table 2.3. Variance Decomposition, South Korea (20 Quarters)
Qrt

Perm

Trans

Noise

Qrt

Consumption

Perm

Trans

Noise

Productivity

1

0.0005

0.2306

0.7689

1

0.0001

0.9990

0

4

0.0066

0.2448

0.7486

4

0.0074

0.9926

0

8

0.0414

0.2537

0.7050

8

0.0255

0.9745

0

12

0.1282

0.2427

0.6291

12

0.0538

0.9462

0

16

0.2637

0.2112

0.5251

16

0.0910

0.9090

0

20

0.4126

0.1706

0.4168

20

0.1353

0.8647

0

Notes:

“Perm,” “Trans,” and “Noise” respectively refer to permanent productivity, transitory
productivity, and noise shocks.
Source: Quarterly National Accounts, OECD and author’s own calculation.

productivity fluctuations. Obviously, noise shocks have no effect
on productivity dynamics.
Figure 2.4 reports the smooth estimated shocks in our model.
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Just to recap, by smooth-estimation, we refer to the case in which
the econometrician uses all available information to estimate the
underlying states and shocks of the economy. Specifically, assume
that we have data from t=1,…,T, and we are interested in estimating
a shock 𝜖𝑡 . For a filtered estimation, 𝜖𝑡|𝑡 , the econometrician will
use the available information up to period t. On the contrary, for a
smoothed estimation, 𝜖𝑡|𝑇 , the econometrician will use all available
information from t=1,…T. Given the structure of the shocks, we
observe that the permanent productivity shocks are very persistent,
and the transitory and noise shocks are a lot less persistent and
noisy. Since the year 2000, South Korean economy has been receiving negative permanent technology shocks, but the severity of
Figure 2.4. Smoothed Shocks, South Korea

Notes:

The solid lines denote the smooth-estimated shocks. Top panel depicts the smoothed
permanent technology shocks, middle panel depicts the smoothed transitory technology
shocks, and bottom panel depicts the smoothed noise shocks estimated using South Korean data. It must be stressed that we have estimated structural shocks not the smoothed
variables such productivity or noisy signals.
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negative shocks began to weaken at around 2010. One very interesting observation is that the Asian Financial Crisis of the late
1990s is associated with very negative transitory technology and
noise shocks, whereas we actually observe a comparably large positive permanent technology shock for the same period. We will get
back to the nature of South Korean recessions in Chapter 4.
5. Discussion
The results obtained in this chapter suggests that noise shocks
are important sources of short run consumption fluctuations, and
they also have non-negligible effects in the medium-run as well. As
shown in Table 2.1, permanent productivity shocks will theoretically explain all the consumption fluctuations in the long-run. But
for given our parameter estimates, it take very long for consumption effects of noise shocks to die out. Even on a 40 quarter horizon, noise shocks still explain about 10% of total consumption
fluctuations.
What could be the takeaway from our results here? Firstly, we
could literally take the implication of the results by heart and
claim that noise shocks are the most important source of consumption fluctuations up to a 20 quarter horizon. A slightly modest approach is to accept the fundamental short-comings of this
simple partial equilibrium consumption model and try to be cautious when drawing inferences of our results. Similarly, we could
also argue that the South Korea is not the best fit for this model,
especially given that the consumption is estimated to be more volatile than output is.
Throughout the rest of the paper, we will try to examine the
nature of noise shocks more carefully, and at the same time, we
will also try to accommodate a more detailed economy, which we
introduce in the next Section, the small-open-economy real busi-
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ness cycle model, to examine the nature of South Korean business
cycles.
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Ⅲ. A Small Open Economy Real Business Cycle
(SOE-RBC) Model
1. Introduction
While results obtained in Chapter 2 suggest the importance of
unrealized technology shocks in short-to-medium run consumption fluctuations, the permanent income consumption model
comes up short in two dimension when describing the features of a
small open economy like South Korea: integrating financial markets and the open economy characteristics.
Ever since the turmoil induced by the Asian Financial Crises,
financial markets in South Korea have been substantially
strengthened and further developed ties to international financial
markets. In addition, South Korea is a typical small open economy
heavily relying on the world market through its export dominated
economy. While we do not completely resolve the short-comings
induced by these two features, we attempt to try to incorporate
general equilibrium effects into our discussion and consider a version of the small open economy real business cycle (SOE-RBC)
model where the domestic interest rate is determined by the world
interest rate and the level of debt-holding.
As previously discussed, emerging markets exhibit a larger relative volatility consumption to output and a large and negative cyclical current account, empirical observations salient to South Korean economy as well. There are two possible explanations to
support these empirical regularities in the SOE-RBC framework:
One is to suggest that trend shocks or sometimes called permanent
technology shocks (Aguiar and Gopinath 2007) are the driving
forces of emerging market fluctuations, and the other mechanism
is based upon the role of financial frictions (Neumeyer and Perri
2004; Garcia-Cicco, Pancrazi, and Uribe 2010). In this chapter, our
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aim is to consider the aforementioned SOE-RBC model to examine the importance of realized and unrealized technology shocks in
explaining cyclical properties of South Korean business cycles.
2. Model
We take a small open economy RBC model with learning which
is in line with Cao and L’Huillier (2018) and Boz, Daude, and
Durdu (2011). The model is similarly constructed to a widely discussed small open economy models with technology shocks, i.e.,
Aguiar and Gopinath (2007) and Garcia-Cicco, Pancrazi, and
Uribe (2010) but is augmented by a noisy information structure to
emphasize learning and agents’ non-trivial filtering.
Specifically, we take exactly the same productivity and information structure from last chapter: Productivity at is given by a
sum of permanent productivity xt and transitory productivity zt :
a t = x t + zt ,

where xt is a permanent component and zt is a transitory component of productivity at . The permanent productivity process xt
contains the unit root:
∆xt = ρx ∆xt−1 + εt ,

Where the persistent parameter ρx is in [0, 1) and εt is an i.i.d.
Gaussian shock with mean zero and variance σ2ϵ .
The transitory shock process follows the AR(1) process:
zt = ρz zt−1 + ηt ,

where the persistent parameter ρz is in [0, 1) and ηt is an i.i.d.
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Gaussian (transitory) shock with mean zero and variance σ2η . As in
model described in the last chapter, agents are unable to separately
distinguish two productivity components by observing the
productivity signal at .
Specifying the imperfect information structure, agents observe a
noisy signal st about the permanent productivity xt :
st = xt + νt ,

where νt is an i.i.d. Gaussian shock with mean zero and a constant standard deviation σν .
For the rest of the model specification, we assume that a representative consumer maximizes the utility:
t
Et ∑∞
t=0 β log Ct ,

where Et is the expectation operator conditional on information
available at time t, subject to the constraint
Ct + Bt−1 = Yt + Q t Bt ,

where 𝐂𝐭, 𝐈𝐭 and 𝐘𝐭 are consumption, investment, and output of
the country. 𝐁𝐭 is the external debt of the country and 𝐐𝐭 is the
price of the debt. Therefore, in this model, we absent from labor
supply and capital accumulation.
Output is produced using only labor but labor supply is assumed to be constant and can simply normalized to one:
Yt = At N,
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where the productivity parameter At = eμt . 9 The resource constrain is given by
Ct + NXt = Yt ,

where NXt are net exports, and following Schemitt-Grohe and
Uribe (2003) and Aguiar and Gopinath (2007) among others, the
price of debt assumed to be sensitive to the level of outstanding
debt
Bt+1
1
−b
= R t = R∗ + ψ {e At
− 1}
Qt

where R∗ denotes the world interest rate, and b represents the
steady state level of debt-to-output ratio.
2.1. Solution

The consumers’ optimization problem delivers the following
first order condition:
1
Ct

= βR t Et [

1

Ct+1

],

and we define the ratio of consumption to productivity as follows:
ĉt = log(Ct /At ) − log(C/A),

and we further define the log-deviation of consumption as follows:
ct = ĉt + a t.
9

This linear production function can be derived from a standard Cobb-Douglas function where capital share goes to zero.
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We also define the log-liearization of the output to productivity
ratio (yt ), the price of debt (qt ), the debt to productivity ratio (bt+1 ),
and net-exports to output (nxt ) as follows:
𝐲𝐭 = 𝐥𝐨𝐠(𝐲/𝐀𝐭 ) − 𝐥𝐨𝐠(𝐲/𝐀)
𝐪𝐭 = 𝐥𝐨𝐠𝐐𝐭 − 𝐥𝐨𝐠𝐐
𝐛𝐭+𝟏 = (𝐁𝐭+𝟏 /𝐀𝐭 ) − (𝐁/𝐀)
𝐧𝐱 𝐭 = (𝐍𝐗 𝐭 /𝐘𝐭 ) − 𝐍𝐗/𝐘

Therefore, the set of endogenous variables ct , yt , qt , bt+1 , nxt along
with the set of exogenous variables governing productivity processes and information xt , z, at , st and equations illustrated in this
chapter and the last characterize the equilibrium of this model. In
order to solve the model, we pertubate the system of equations.
(For detailed derivation and log-linearization of the system of
equations, see Yoo 2018, L’Huillier and Yoo 2017, Blanchard et al.
2013)
3. Results
We estimate the model using data for South Korea on consumption and trade-balance. The sample is from 1995Q2-2018Q3. To
construct a series for trade balance, we use the series exports of
goods and services (ID: P6, VOBARSA) and imports of goods and
services (ID: P7, VOBARSA) both available from the OECD.
Both series are seasonally adjusted. For productivity series, it is defined to be the same as the one in Chapter 3. We structurally estimate the parameters of the model and obtain the associated likelihoods using the Kalman smoother.
Table 3.1 shows the estimation results with South Korean consumption and trade-balance data. In this section, we try to shorten
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our sample size due to the available data for net-exports. Starting
our sample from the year 1995, the estimation results are slightly
different from the ones obtained in Chapter 2. Nevertheless, the
size of permanent productivity shocks is relatively large such that
σϵ =0.39%, and that of noise shocks is large such that σν =1.61%.
Qualitative implications of the dynamic effects of each shock are
again similar to the ones discussed previously such that permanent
shocks on productivity slowly and steadily increase productivity
and consumption, that transitory shocks on productivity have
slowly decreasing effects on productivity and consumption, and that
noisy shocks generate slowly decreasing effects on consumption.
For estimation exercise, following the common value in the literature, we calibrate β = 0.99 and ψ = 0.001. The discount factor is
less controversial parameter to worry about, however, the parameter governing the interest rate sensitivity needs to be carefully
scrutinized. Here, we follow Aguiar and Gopinath (2007) to set it
equal to very low value at 0.001. According to L’Huillier and Yoo
(2018), it is in line with strengthening the effects of permanent
technology shocks. We will consider the variety of parameterization to examine the role of the interest rate sensitivity affecting our
conclusion later in this chapter.
Table 3.1. Parameter Estimates, South Korea: 1995Q2-2018Q3
Parameter

Description

Value

s.e

ρ

Persistence productivity

0.8136

0.0333

σu

Std dev. productivity

0.0209

0.0012

σϵ

Std dev. permanent shock (implied)

0.0039

-

ση

Std dev. transitory shock (implied)

0.0189

-

σν

Std dev. noise shock

0.0161

0.0067

Log-likelihood

469.29

Notes:

Two standard deviations of structural shocks are indirectly recovered. Thus, no standard
errors are given.
Source: OECD.
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Before doing that, there is a one other issue to be examined. The
additional minor parameterization that we need to make is to
choose the steady state consumption to output ratio, C/Y. According to the resource constraint, the steady state level of consumption to output ratio can be defined by
C
Y

=1−

NX
,
Y

and in order to compute this ratio, we take the average of
net-exports to output ratio in the sample, which is -0.0020. Thus,
the consumption to output ratio is given by 1.0020. Our estimation results in Table 3.1 is obtained by assuming that C/Y=1.00,
and we can show that changing the steady state ratio to 1.0020
does not alter our estimation results much: ρ is estimated 0.8128,
σu and σ𝜈 are estimated 0.0210 and 0.0160, something that are
very similar to the ones in Table 3.1. Thus, for the rest of this
chapter, we simply set C/Y=1.00.
3.1. Robustness

As already mentioned previously, in the SOR-RBC literature
studying the sources of (emerging market) business cycles, the way
we calibrate the interest rate sensitivity is very important. Specifically, setting the parameter ψ to a low value, something close to
zero, help ensure that permanent technology shocks playing a
major role in explaining fluctuations following a permanent income logic (Aguiar and Gopinath 2007; Cao, L’Huillier, and Yoo
2016). On the contrary, making the interest rate responds elastically to debt-holdings (a large value of ψ) could weaken the effects of permanent technology shocks on business cycles as in Garcia-Cicco et al. (2010).
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Here, we examine the robustness of our estimation results by
considering the different values of ψ. Table 3.2 reports the results.
Our benchmark result is reproduced with Model 2. In Model 1, we
set an even lower value of the interest rate sensitivity, suggesting
that the domestic rate becomes essentially fixed by a constant
world rate. In models 3 and 4, we set the higher value of interest
rate sensitivity.
The estimation results suggest that as the interest rate becomes
more sensitive to debt-holdings (a large value of ψ), productivity
process becomes less persistent and the effects of noise shocks become negligible. The results are in line with theoretical investigation analyzed in detail by Cao et. al (2016). As the rate of domestic
interest rates becomes insensitive to debt-holdings, the general
equilibrium effects via changes in the interest rate, will be muted
and the direct income effects thru productivity shocks will account
for the majority of aggregate dynamics. While Cao et. al (2016)
draw this conclusion in a perfect information model, our result
Table 3.2. Parameter Estimates, South Korea: 1995Q2-2018Q3
Parameter

Model 1
ψ = 0.00001

Model 2
ψ = 0.001

Model 3
ψ = 0.01

Model 4
ψ = 0.05

ρ

0.8461
(0.0377)

0.8136
(0.0333)

0.7865
(0.0284)

0.7790
(0.0241)

σu

0.0194
(0.0011)

0.0209
(0.0012)

0.0248
(0.0014)

0.0340
(0.0020)

σϵ

0.0030

0.0039

0.0053

0.0075

ση

0.0179

0.0189

0.0220

0.0300

σν

0.0222
(0.0067)

0.0161
(0.0067)

0.0098
(0.0052)

0.0026
(0.0052)

Likelihood

475.41

469.29

453.52

422.57

Notes:

Two standard deviations of structural shocks are indirectly recovered. Thus, no standard
errors are given. Models 1 to 4 differ only with the interest rate sensitivity calibrated.
Model 2 is our benchmark estimation result where ψ is chosen following Aguair and
Gopinath (2007).
Source: OECD.
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also support this view for the imperfect information model where
agents are not able to perfectly identify two technology shocks.
One additional parameter playing an important role in determining emerging market business cycles is the discount factor β,
which is calibrated at 0.99 for our estimation exercise. The literature suggests that a great degree of patience is required to deliver
the aggregate dynamics induced by the permanent income logic. In
Table 3.3, we vary the degree of patience, and redo the estimation
exercise.
The estimation results suggest that as the value of discount rate
decreases (a small value of β), productivity process becomes less
persistent and the effects of noise shocks become smaller. The results are in line with theoretical investigation analyzed in detail by
Cao et. al (2016). As agents becomes less patient, agents care less
about the future and the permanent income logic breaks down.
Again, Cao et. al (2016) draw this conclusion in a perfect information model, and we support this view from the perspective of
the imperfect information model where agents are not able to perTable 3.3. Parameter Estimates, South Korea: 1995Q2-2018Q3

σu

Model 1
β = 0.995
0.8184
(0.0332)
0.0208
(0.0011)

Model 2
β = 0.99
0.8136
(0.0333)
0.0209
(0.0012)

Model 3
β = 0.975
0.7982
(0.0338)
0.0213
(0.0012)

Model 4
ψ = 0.95
0.7708
(0.0349)
0.0220
(0.0013)

Parameter
ρ

σϵ

0.0038

0.0039

0.0043

0.0050

ση

0.0188

0.0189

0.0190

0.0193

σν

0.0167
(0.0070)

0.0161
(0.0067)

0.0144
(0.0061)

0.0122
(0.0053)

Likelihood

469.80

469.29

467.67

464.83

Notes:

Two standard deviations of structural shocks are indirectly recovered. Thus, no standard
errors are given. Models 1 to 4 differ only with degree of patience and the degree of interest rate sets to 0.001. Model 2 is our benchmark estimation result where β is chosen following Aguair and Gopinath (2007).
Source: OECD.
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fectly identify two technology shocks. It should be noted, though,
that the effects of a discount rate seem much smaller in comparison
to the effects of the interest rate sensitivity as shown in Tables 3.2
and 3.3
For our benchmark estimation, we use the two series – productivity and trade-balance as our observables. In the meantime, we could as
well use consumption in lieu of trade-balance as one of our observable.
Table 3.4 reports the estimation results obtained with consumption
and productivity as observables for the econometrician.
Similar to the results obtained previously, the standard deviation
of the noise shock is estimated to be relatively large, and the parameter estimates are mostly in line with the results obtained with
trade balance as our observable.
Table 3.4. Parameter Estimates, South Korea: 1995Q2-2018Q3
Parameter

Description

Value

s.e

ρ

Persistence productivity

0.8505

0.0265

σu

Std dev. Productivity

0.0182

0.0010

σϵ

Std dev. permanent shock (implied)

0.0027

-

ση

Std dev. transitory shock (implied)

0.0168

-

σν

Std dev. noise shock

0.0100

0.0052

Likelihood

491.60

Notes:

Two standard deviations of structural shocks are indirectly recovered. Thus, no standard
errors are given. We use consumption and productivity as our observable instead of
net-exports ratio and productivity.
Source: OECD.

4. Discussion
In this chapter, we have examined a slightly more complicated
model incorporating general equilibrium effects thru the movements in interest rates and showed that it still delivers similar results to its partial equilibrium counterpart in Chapter 2, the permanent income consumption model.
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Our results suggest that noise shocks, non-technological shocks
are important in explaining consumption fluctuations even when
price effects are considered, and it becomes quite natural to decide
how to interpret the non-technology shocks properly. We may
consider these shocks as a demand type of shocks similar to a preference shock altering consumption Euler equation directly, for
example. From an intuitive point of view, it also implies that perceptions (or lack thereof) are of fundamental importance. In the
next few chapters, we will try to provide some evidence and implications of the noise shocks discussed here.
At the same, our results also suggest that technology shocks
matter especially in the medium and long-run dynamics, which is
somewhat obvious given that noise shocks do not have a direct
effect on productivity change. In addition, it shows that the type of
technology shocks matter for consumption dynamics in different
horizons. As expected, the effect of transitory shocks on consumption dies out in the long-run whereas the effect of permanent
shock prevails. On the contrary, in the short-and-medium run, the
effect of transitory shocks cannot be neglected. While it isn’t so
trivial to decompose a technology shock into two different components in the real economy, it provides a conceptual starting
point to understand how the aggregate economic dynamics can be
understood.
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Ⅳ. Characterizing Recessions in South Korea
1. Introduction
In the previous two chapters, we observed that an impulse generated by non-technology shocks only affecting agents’ perceptions,
known as noise shocks in the literature, delivers a strong consumption fluctuation. The aim of this and the next chapter is to
shed light on the nature of such perception or belief shocks originated from the inherent imperfect information and attempt to
understand the implication of the shock from various angles: what
are the reasons that these seemingly non-fundamental shocks generate an impact on aggregate economic fluctuations, and what
would be the way to use these shocks to better understand economic fluctuations? In this chapter, we study how imperfect information and the structure of anticipated technology and pure
belief shocks can be helpful to characterize economic downturns
in the aggregate economies.
Private consumption expenditure constitutes a major portion of
gross domestic product (GDP), accounting more than 50% for developed countries like Canada, France, Germany and the United
States, as well as emerging market economies such as Argentina
and Mexico among many others. It is well-known that during
economic contractions, consumption drops jointly with other aggregate quantities; therefore, understanding the nature of collapse
in spending is of a first-order importance since it is intrinsically
related to agents’ welfare. There are two ways to look at drops in
spending and aggregate quantities. On one hand, based on the
permanent income hypothesis, consumption declines can be justified by actual drops in long-run income. On the other hand, following the earlier works of Pigou (1927) and Keynes (1936), drops
in consumption spending may be generated by agents’
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(mis-)perceptions about the state of the economy, which may as
well be completely unrelated to economy’s fundamentals. Similar
reasoning applies when an economy goes thru a period of expansions: an actual increase in future income can generate an increase
in current spending, and positive perception about the state of the
economy can deliver a contemporaneous increase in spending.
While an economy is said to fluctuate around the long-run trend,
there are episodes in which cyclical drops in aggregate quantities,
i.e., consumption, output, and employment, are so large and/or
persistent that they are coined with the specific terminology, “recessions,” Well-known historical examples of recessions include the
Great Depression of the 1930s and the so-called Great Recession of
the last decade. South Korea also experienced two relatively
large-scale recessions within the last thirty years - the Asian Financial Crisis of the late 1990s, and the recession originated from the
U.S. mortgage market crash of the late 2000s.
L’Huillier and Yoo (2017) suggest that a given recession can be
classified as either a productivity-driven or a belief-driven recession.
Specifically, based on the permanent income hypothesis under
imperfect information, drops in aggregate quantities, for this model consumption in particular, can be justified by agents being ended
up with having a pessimistic forecast about their long-run income.
Using a standard filtering technique, we will be able to show
whether this pessimism is induced by an actual persistent fall of
aggregate productivity, e.g., labor productivity or TFP, or from
other intangible information unrelated to contemporaneous
movements in productivity. When actual consumption drops are
mainly resulted from drops in productivity, we can roughly classify it as a productivity-induced recession. On the other hand,
when drops in consumption cannot simply be explained by associated productivity drops but need to be justified by some pessimistic information unrelated to contemporaneous fundamentals,
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we will consider it as a belief-driven recession. It must be noted
that we are essentially dealing only with the supply-side disturbances having technology shocks only affecting the economy.
However, a noise shock in this model functions much like a demand-shock (See Lorenzoni 2009, for example).
Our benchmark modeling device is a news and noise information formally originated by Blanchard et al. (2013), discussed in
Chapter 2 extensively. We embed the imperfect information
structure on a simple permanent income consumption model in
order to structurally estimate unobserved state variables and exogenous shock processes. The propagation mechanism can be
characterized as follows: Agents receive information about their
future income, which in this model is determined by long-run
productivity. However, this information is an imperfect indicator
of future income, thus agents attempt to solve a signal extraction
problem to estimate their expected future income. Here, in order
to accommodate a logic that agents have more information than a
productivity signal about their future income, we allow that agents
have access to a noisy signal which gives agents some additional
information about their long-run income. Now, once agents estimate their future income using a standard signal extraction technique, i.e., the Kalman filter, they choose their spending accordingly.
As a policy maker, we are interested in whether consumption
drops at any given time is mainly driven by actual productivity
drops or by agents’ perception change due to a circumstance unrelated to actual productivity decline. In fact, whether recessions are
actually productivity-driven or belief-driven will have very different implications for policy. Stabilization policy to minimize the
size and frequency of business cycles has often been implemented
to tackle potential welfare loss arising from recessions. However,
in case of belief-driven recessions, restoring consumers’ confidence
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about the state of the economy, may be more effective than merely
applying a policy tool to increase the aggregate demand thru a difference channel, which might distort the economy even further.
Which type of recession is more worrisome for policy makers isn’t
so easy to clarify. In case of actual productivity driven recessions, it
indicates that there should be a fundamental structural transformation in order to strengthen the economy overall. On the contrary, in case of belief driven recessions, agents in the economy are
so pessimistic that they are unable to open their wallet and boost
the demand. For example, increasing government spending could
be an option in such a case. We will attempt to touch the policy
implications at the end of this chapter in more detail.
In order to solve and estimate the model, as the econometrician,
our goal is to characterize recessions in our sample into the periods
of productivity-driven or of belief-driven recessions.10 Specifically,
for a given period, we compute the consumption dynamics validated by productivity observations and compare it with the actual
consumption observations. If the realized level of consumption is
above (below) the one received by productivity observation, this is
evidence that consumers must have received optimistic (pessimistic)
news about future income. Thus, our goal is to understand empirically whether persistent declines in productivity and/or consumers’ misperception about the economy are the main sources of
consumption fluctuations in South Korean recessions. We follow
L’Huillier and Yoo (2017) to perform this exercise on each economic contraction in isolation and compare them on this dimension. But our main focus is on two relatively well-known recent
recessions - the Asian Financial Crisis of the late 1990s and the recession of the late 2000s. We use South Korean data from 1995Q2
10

L’Huillier and Yoo (2017) use the terminologies “good news” and “bad news” regimes to classify the U.S. recessions, which exactly correspond to productivity-driven
and sentiment driven recessions in this paper.
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to 2018Q2 and solve and estimate the model using a sequential
Kalman filter, which we will discuss in more detail later.
Comparing two recent recessions for South Korea, we observe
that these two historical episodes are similar in the sense that the
severity of both recessions were exacerbated by fall in agents’ perception about the future income due to information unrelated to
fundamental shocks (although the magnitudes of fall in agents’
perception about future income is not exactly comparable such
that in the Asian Financial Crisis, agents were a lot more pessimistic.) This conclusion is similar to the one delivered in L’Huillier
and Yoo (2017) regarding the historically large U.S. recessions, the
Great Depression and the Great Recession. Therefore, while the
characteristics (causes and consequences) of two Korean recessions
may be different from the two large scale U.S. crises,11 from an
informational perspective they are all much alike in the sense that
agents’ seemingly pessimistic attitudes about the future income
cannot simply be justified by concurrent drops in productivity. It
is worth emphasizing that not all recessions can be classified as a
belief-driven recession: The recession in early 2010s12 is not associated with consumers mostly held a positive view in the aggregate
economy which help alleviate a downward pressure on consumption originated from productivity declines similar to the recession
of 1945 and the recession of 1923 to 1924 in the United States,
which can be classified as a productivity-driven recession in
L’Huillier and Yoo (2017).
The rest of the paper is organized as follows. Section 2 discusses
the (news and noise) information structure and the (permanent
income consumption) model. This is then followed by the solution
11
12

For example, two Korean recessions are clearly influenced by foreign shocks and
have an international dimension.
Moreover, estimating a longer sample, it shows that South Korean recessions in the
mid-1980s and in the late 1980s were also associated with consumers instead having a
rather optimistic forecast about future income
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of the model and estimation techniques in Section 3, discussing
consumers’ and the econometrician’s filtering. Section 4 estimates
the model and discusses the results. Section 5 concludes.
2. Model
Our model is related to the literature on estimating dynamic
stochastic (DSGE) model with imperfect information and follows
in particular the exposition discussed in L’Huillier and Yoo (2017).
The model is essentially the same as the one described in Chapter 2
except that there is a one key modification in terms of solving the
model. As the model is already thoroughly discussed, the exposition will be limited to minimum except the new materials.
Agents observe productivity process at (in logs):
a t = x t + zt

where it is a linear function of permanent ( xt ) and transitory
productivity (zt ). These two productivity processes are respectively
given by
∆xt = ρx ∆xt−1 + εt ,

and
zt = ρz zt−1 + ηt .

Our key assumption is that agents do not observe these two
productivity components separately. Furthermore, we make the
following technical assumption regarding this productivity process:
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ρx = ρz ≡ ρ,

and that the variances satisfy the following restriction,
ρσ2ϵ = (1 − ρ)2 ρσ2η

which ensure that the univariate process at is a random walk and
that the variance of the technology shocks can be recovered using
the following conditions:
σ2ϵ = (1 − ρ)2 σ2u
σ2η = ρσ2u

where σu is the standard deviation of productivity growth. There
are two reasons to restrict our attention to a random walk productivity: it is analytically convenient and second, it is broadly in line
with actual aggregate labor productivity data. This implies that Instead of jointly estimating the set of all parameters governing the
productivity processes (ρx , ρz , 𝜎𝜖 , 𝜎𝜂 ), we only need to estimate the
subset of them (𝜌, σu ) and recover the other parameters (𝜎𝜖 , 𝜎𝜂 ) indirectly.13
Allowing for the situation in which consumers have more information than merely a productivity indicator, consumers are assumed to receive a noisy signal about the permanent productivity:
st = xt + νt .

Regarding the informational assumption, the consumers’ information set at period t (It ), includes current productivity (at ), a
noisy signal (st ) and the lagged information set (It−1 ):
13

See Blanchard et al. (2013) for detailed exposition.
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It = (a t , st , It−1 ).

Thus, agents’ expectation or beliefs about a variable wt with
information set It is defined by
wt|t = E[wt |It ]

where E[∙ |It ] is the expectation operator.
In addition to a full information set at period t (It ), we also consider the information set with limited information such that for a
given variable wt , we define agents’ belief wt|at as follows:
wt|at = E[wt |Ωt ]

where Ωt is the information set including current productivity
and lagged information:
Ωt = (a t , It−1 ).

This implies that agents’ information contents at period t can be
summarized by Ωt ∈ It and Ωt ∪ st ≡ It . Therefore, we may consider the two cases as agents observing both public and private information (It ) and publically available information (Ωt ) only at time t.
Following the discussion in Chapter 2, we assume that agents
are permanent income consumers who choose their spending as a
function of their long-run expected income and that their consumption behavior is characterized by the following consumption
equation:
ct = E[a t+j |It ]
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2.1. Solution

The agents’ consumption decision is summarized by estimating
their beliefs about long-run productivity and choose spending accordingly: Solving the model therefore involves a filtering as consumers need to estimate the underlying permanent productivity
components with available information. This is because long-run
productivity is generated by permanent shocks and that transitory
ones die out over time not affecting long-run productivity or income.
Here, the way we set up and solve consumers’ problem is to let
consumers update their beliefs sequentially such that they update
beliefs with observed productivity in the first stage and with noisy
signals in the second stage.
Solving the model this way has an advantage that we are able to
separately identify the effect of information from two different
sources on the behavior of consumption.
More precisely, it is very useful to simply consider that for a
given time t, we have two subperiods in which agents are to observe productivity in the first subperiod and noisy signals in the
second subperiod independently. We allow consumers to choose
consumption spending after observing both information.
As shown in previous chapters, consumption depends on consumers’ beliefs about long-run productivity, and using the definition of productivity in the long-run, we can derive consumption as
a function of consumers’ beliefs about current and lagged permanent productivity:
ct = (1/(1 − ρ))E[xt|t − ρxt−1|t ]

where xt|t and xt−1|t represent consumers’ beliefs about current
and lagged permanent productivity, respectively.
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Then, the next step to solve the model is to determine the dynamics of consumers’ expectations (xt|t and xt−1|t ) which can also
be sequentially estimated by applying the standard Kalman filter.
With sequential belief updating imposed here we take it as given
that consumers first update beliefs with current productivity
a t = xt + zt and then with a noisy signal st = xt + νt . However, it
should be emphasized that reversing the order of the sequence does
not alter consumers’ consumption choices as exogenous shocks are
all assumed to be i.i.d. Gaussian processes. (For detailed proof, see
Yoo 2018.)
More precisely, let the state of the underlying productivity processes are summarized by Xt = (xt , xt−1 , zt )′ and the consumers’ beliefs about the state vector X at time t – 1 be denoted by Xt−1|t−1 .
Thus, at first subperiod of time t (when consumers’ information
set include only productivity at), consumers’ belief updating is
given by
Xt|at = AXt−1|t−1 + H(a t − a t|t−1 ),
′

where Xt|at = (xt|at , xt−1|at , zt|at ) ,

Xt−1|t−1 = (xt−1|t−1 , xt−2|t−1 , zt−1|t−1 )′,

H is the steady state Kalman gain
for observing productivity at , and A and H depend on the underlying parameters of the model.
Now, at second subperiod, conditional on ex-ante beliefs (Xt|at )
obtained in the first subperiod, consumers’ belief updating is
summarized by
Xt|t = AXt|at + G(st − st|at ),
′

where Xt|t = (xt|t , xt−1|t , zt|t ) , is the consumers’ beliefs with full information It (having access to an additional information st ), G is
the steady state Kalman gain of observing the noisy signal (st )
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which also depends on the underlying parameters of the model.14
To properly compare the effects of two signals (a productivity
signal at and a noisy signal st ) on the behavior of consumption,
we derive the level of consumption spending chosen with the information set Ωt , denoted here by ct|at :
ct|at = (1/(1 − ρ))E[xt|at − ρxt−1|at ].

It implies that without observing a noisy signal (st ), consumers
choose spending as a function of their beliefs about the current and
lagged permanent productivity with the information set Ωt .
We can also define consumption change at time t due to the
noisy information (Δct|st ), which is given by
Δct|st = (1/(1 − ρ))(G1 − ρ𝐺2 )(st − xt|at ),

where G1 and G2 represent the Kalman gains of observing noisy
signals. Thus, it is easy to see that when the last term is positive,
the left-hand side is positive and vice versa such that when consumers receive good signals about the unobserved fundamentals ith
respect to their ex-ante expectation, they will increase consumption spending. A similar logic applied to the case in which consumers receive bad signals about the fundamentals. For more details, consult the technical appendix of L’Huillier and Yoo (2017).
Defining Δct|at as consumption changes at time t due to productivity observation:
Δct|at = (1/(1 − ρ))(H1 − ρH2 )(a t − xt|t−1 ),

where H1 and H2 are the first and the second components of H
14

For detailed exposition on deriving consumers’ filter, see Appendix C of L’Huillier
and Yoo (2017).
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and respectively represent the gains of observing productivity on
xt and xt−1 . Similar to the equation determining consumption
changes observing noisy signals, the above equation indicates that
whenever at is greater than xt|t−1 , the last period’s forecast on the
permanent component, ct|at would be positive and vice versa. Same
reasoning holds here: When consumers receive good information
compared to a benchmark (in this case, the last period’s estimate
on xt ), they would increase spending such that ct|at > 0.
Therefore, what we have done is to disentangle consumption
changes into the ones induced by actual productivity and the others influenced by noisy signals. We can then simply show that
Δct = Δct|at + Δct|st .

The interpretation of the above equation is straightforward such
that the percentage change in consumption is decomposed into the
one delivered by actual productivity change and the changes in
consumers’ sentiment.
Let us now go back to consumption equation depicting consumption changes by observing noisy signals. If G1 > 𝜌G2 , (st > xt|at )
implies that consumers choose to spend more than they would
have just by observing productivity (ct > ct|at ). Similarly, when
(st < xt|at ), consumers consume less than they would have consumed without observing the noisy signal (ct < ct|at ). Therefore,
the higher the beliefs updated with productivity (xt|at ), the larger a
noisy signal has to be to increase spending. In other words, if,
ex-ante, consumers had a very high expectation about the future (a
large positive xt|at ) outside information must be really good (a
larger positive value of st ) in order for the consumers to adjust
their belief about the future upward. Then, how are we going to
measure the consumers’ belief for a given recession? Here, we suggest the following way to measure consumers’ belief.
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Definition 1 (Measuring consumers’ belief) Consumers’ belief
at time t is given by
Consumers’ belief at time t = (st − xt|at ),
and for a given recession lasting from t to t+j, we can aggregate
this measure of consumers’ belief by taking the average over the
duration of a recession:
Aggregated consumers’ belief =∑t+j
i=t (si − x i|ai )/(j + 1)
So, in essence, we are comparing agents’ private information
denoted by a noisy signal about the permanent state of the economy with the agents’ beliefs about the permanent state of the
economy updated with public information, i.e. a productivity signal, and by aggregating this belief over a given recession, we are to
measure how agents’ beliefs are aggregated over the span of a recession.
When aggregated consumers’ belief is large and negative, it
shows that large drops in consumption experienced during a given
recession cannot simply be suggested by an associated fall in aggregate productivity. On the other hand, a large positive aggregated consumers’ belief indicates that a fall in aggregate productivity
accounts for drops in consumption observed during a recession.
2.2. Estimation

The estimation exercise is a direct implication of consumers’ filtering discussed in the last section given that consumption data
contain a sufficient information for the econometrician to extract a
required information on noisy signals.
We use the first differences of labor productivity (in logs) and
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the first differences of per-capital consumption (in logs) as our observables. The model is then estimated through maximum likelihood. The standard deviation of the shocks to productivity σϵ and
ση are recovered from the estimated ρ and σu . We are in particular interested in estimating the underlying productivity and shock
components by using the standard Kalman smoother.
In terms of parameter estimates, the results obtained here with
sequential filtering should be exactly the same as the one obtained
with simultaneous filtering, i.e. the solution method discussed in
Chapter 2. In addition, smooth or filtered end-of-the period variables such as xt|t , xt−1|t , zt|t following two solution methods. The
only difference is that with sequential filtering, we are able to
identify what happens when agents process information
one-by-one and obtain agents’ belief updated with a particular signal, which is productivity: xt|at , xt−1|at , zt|at .
3. Results
3.1. Data

For estimation we use labor productivity and consumption as
observables. Constructing a series for labor productivity, we use a
quarterly real gross domestic product expressed in national currency in volumes estimates (VORBASA) from the OECD and total employment (ETONC) from the OECD. The series for
productivity is then obtained by dividing real GDP by total employment and taking logs.
Similarly, to construct a series for per capita real consumption
expenditure we use a quarterly private final consumption expenditure expressed in national currency in volumes estimates
(VORBASA) and total population (POPNC) where the series are
obtained from the OECD database. All series are seasonally adjusted. The series for consumption is then obtained by dividing
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private final consumption expenditure by population and taking
logs.
We report the result for the period starting 1995Q2 to 2018Q2.
We focus on this sample period as there could be a potential issue
in estimating the longer period in the sense that given South Korea
may have experienced major structural transformations over time,
estimating this sample model may not be able to capture the time
varying structural changes.
3.2. South Korean Recessions

Unlike the case in the United States, we do not have a universally applied local recession indicator, and we use here the OECD
based Recession Indicators for South Korea, which essentially
measures the period following the peak through the trough
(KORRECD). It indicates that there has been seven recessions (or
economic contractions) in our sample.
Table 4.1 shows the estimation results with South Korean consumption and productivity data. The results show that the persistence parameter is estimated at 0.9033. Due to this high persistence,
the standard deviation for permanent productivity shocks is very
small (0.15%), and that for transitory shocks is estimated at 1.48%.
On the contrary, the standard deviation for noisy shocks is estimated to be large at 2.18%.
The qualitative implications of the dynamic effects of each shock
are already extensively discussed, and we briefly take a look at the
dynamic response of consumption and productivity to three
structural shocks as before (Figure 4.1) and contribution of structural shock to explain consumption and productivity fluctuations
(Figure 4.2). We observe that the effects of noise shocks on consumption is short-lived such that after 1.5 years, most of the dynamic effects becomes negligible. Examining the variance decom-
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Table 4.1. Parameter Estimates, South Korea: 1995Q2-2018Q3
Parameter

Description

Value

s.e

ρ

Persistence productivity

0.9033

0.0213

σu

Std dev. productivity

0.0156

0.0009

σϵ

Std dev. permanent shock (implied)

0.0015

-

ση

Std dev. transitory shock (implied)

0.0148

-

σν

Std dev. noise shock

0.0218

0.0061

Notes:

Two standard deviations of structural shocks are indirectly recovered. Thus, no standard
errors are given.
Source: OECD.

Figure 4.1. Impulse Responses, South Korea: 1995Q2–2018Q3

Notes:

The solid lines denote the responses of consumption to a unit increase in a permanent
technology shock (Panel A), in a transitory technology shock (Panel B), and in a noise
shock (Panel C). The dashed lines denote productivity responses to a unit increase in a
permanent technology shock (Panel A), in a transitory technology shock (Panel B), and
in a noise shock (Panel C).
Source: OECD.
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Figure 4.2. Variance Decomposition, South Korea: 1995Q2–2018Q3

Notes:

Big circles, medium-sized circles, and small circles respectively denote the contribution of
permanent shocks, transitory shocks, and noise shocks in explaining productivity fluctuations (top panel) and consumption fluctuations (bottom panel).
Source: OECD.

position of consumption, a permanent technology shock becomes
a major source of fluctuations in a relatively short period time after
the impulse. Similarly, the effects of a transitory technology shock
and a noise shock die out rather quickly within two to three years.
Since quantitative implications of the model has already scrutinized extensively in Chapter 2, we leave out the detailed discussion
of it and move on to characterize the seven South Korean recession
in our sample. We disentangle consumption changes into two
components: the estimates of consumption changes induced by
productivity (Δct|at ), and by noisy signals (Δct|st ). Figure 4.3 shows
the two measures of permanent productivity estimates. It shows
that consumers beliefs are rather persistent whereas noisy signals
are not, for example, as shown in the year 1998 with an extremely
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large negative shock. Second, we observe that there are extended
periods in which consumers continuously receive good signals
(positive sentiments) and bad signals (negative sentiments). For
example, during the mid-1990s prior to the outbreak of the Asian
Financial Crises and the mid-2000s, prior to the 2007-2008 recession, consumers’ sentiments were mostly positive whereas since
the early 2000s consumers have been negatively influenced by outside information most of the time. It is maybe useful to mention
that the fact that agents are endowed with positive perspective on
the economy for extended periods prior to the onset of severe recessions, and we also observe similar patterns for the large scale
crises in the U.S. and Japan.15
Figure 4.3. Smoothed Beliefs and Signals, South Korea: 1995Q2–2018Q3

Notes:

The solid line denotes the smooth-estimated noisy signals and the dashed line depicts the
estimated consumers’ belief updated with productivity signals.
Source: OEDC.

15

Cao and L’Huillier (2018) show that delayed adjustments of beliefs on permanent
technology changes are the sources of large scale recessions.
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Figure 4.4 shows the smoothed estimates of consumption
changes results from observing two different signals, productivity
signals (Δct|at ) and noisy signals (Δct|st ). While the estimated mean of
consumption changes are close to zero in both cases on average,
consumption changes by observing noisy signals exhibit a larger
volatility, which can be inferred from the fact that noise shocks are
an important source of consumption volatility in the short-run as
displayed in Table 4.2. (Compared to the results in Section 2, we
observe that the consumption effects of noise shocks die more
quickly here. This is due to the fact that the persistence of productivity shock is lower and the size of noise shocks is smaller.) We
also observe that the volatility of a consumption growth due to
noisy information acquisition is larger than that due to actual
productivity changes. This is a reasonable observation given that
the size of noise shocks is estimated to be considerably large.
Figure 4.4. Consumption Changes, South Korea: 1995Q2–2018Q3

Notes:

The figure disentangles the consumption growth due to changes in aggregate productivity
(dashed line) and to other negative information unrelated to contemporaneous fundamentals (solid line).
Source: OEDC.
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Table 4.2. Variance Decomposition, South Korea (20 Quarters)
Qrt

Perm

Trans

Noise

Qrt

Consumption

Perm

Trans

Noise

Productivity

1

0.0118

0.2234

0.7648

1

0.0102

0.9898

0

4

0.2139

0.2029

0.5832

4

0.0758

0.9242

0

8

0.6307

0.0983

0.2711

8

0.2274

0.7726

0

12

0.8056

0.0508

0.1436

12

0.3911

0.6089

0

16

0.8740

0.0327

0.0933

16

0.5267

0.4733

0

20

0.9072

0.0241

0.0687

20

0.6273

0.3727

0

Notes:

“Perm,” “Trans,” and “Noise” respectively refer to permanent productivity, transitory
productivity, and noise shocks on consumption and productivity fluctuations.
Source: OECD.

Moreover, consumption drops can be associated with a very
strong perception changes, the evidence suggested for the period of
the year 1998 during the Asian Financial crises. Specifically, for the
third quarter of 1998, consumption drops due to actual long-run
income changes is estimated to be 2%, which itself is a pretty big
drop. However, drops in spending due to agents’ perception
changes (agents having a pessimistic perspective on the economy)
at the same quarter is estimated to more than 13%, the historically
unprecedented drops in scale. Surprisingly, if you take a look at
what happened in the next quarter, agents beliefs about the future
became relatively stabilized such that agent’s negative beliefs only
account for a 1% drop in consumption.
3.3. Comparing Recessions

We now focus specifically on the recessions in the sample. The
question is whether we are able to identify an empirical regularity
in the recessions based on consumers’ sentiments.
Table 4.3 summarizes South Korean recessions from 1995Q2 to
2018Q3. In our sample, there are seven recessions, most of them
are associated with agents receiving bad news about the state of the
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economy. Two exceptions are the recession in 2011-2012 and the
recession in 2017-2018. Two large scale crises, the Asian Financial
Crises of the late 1990s and the 2008 Recession are associated with
agents being very pessimistic about the economy, especially during
the Asian Financial Crises.
Table 4.3 suggests that recession are, more often than not, associated with consumers having a pessimistic perception about future
income, consistent with the evidence from the United States where
Table 4.3. Standardized Consumers’ Beliefs for South Korean Recessions
Dates

Duration

Standardized Beliefs

1997:Q3-1998:Q2

4

-0.0696

2000:Q3-2001:Q1

3

-0.0083

2002:Q3-2004:Q4

10

-0.0115

2008:Q1-2009:Q1

5

-0.0184

2011:Q1-2012:Q4

8

0.0003

2014:Q2-2015:Q1

4

-0.0023

2017:Q3-2018:Q1

3

0.0051

Notes: A negative score reflects a negative consumer belief. The duration is in a number of quarters.
Source: OECD.

Table 4.4. Consumer Sentiment in South Korean Recessions
Sentiment
Sentiment
Sentiment
Sentiment
Sentiment
Sentiment

Notes:

97Q3
+
02Q3
04Q2
9Q1
+
12Q3
+
18Q1
-

97Q4
02Q4
04Q3
+11Q1
+
12Q4
18Q2
-

98Q1
03Q1
04Q4
+
11Q2
14Q2
-

98Q2
03Q2
08Q1
11Q3
14Q3
+

00Q3
03Q3
08Q2
11Q4
+
14Q4
-

00Q4
+
03Q4
08Q3
12Q1
15Q1
+

01Q1
04Q1
08Q4
12Q2
+
17Q3
+

The signs - and + respectively denote consumers having a negative and positive sentiment
in a given quarter.
Source: Author’s own calculation.
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many recessions, including the Great Depression and the Great
Recessions, are associated with consumers’ having a negative sentiment about the state of the economy. In particular, most of economic contractions after 2000 are not simply justified by expected
future productivity or income declines. For example, among 33
recession periods after the year 2000, there are 22 recession periods
(in a quarter) in which agents receive bad news.
What does this number imply then? By definition, it reflects the
average sentiment (positive when the score is greater than zero and
negative when the score is less than zero) delivered by observing a
noisy signal. Higher the score is, more positive perceptions agents
have about the economy than indicated by actual productivity of
the economy.
3.4. Policy Implications

While the model used in this paper is parsimonious and absent
from many interesting ingredients, i.e. labor supply decision, capital accumulation, etc, it is still decent approximation of how the
behavior of consumption is determined. In fact, L’Huillier and
Yoo (2018) show that the behavior of consumption in some of the
widely used DSGEs can be well approximated by a partial equilibrium consumption model.
What can we learn from this result? First, we need to understand that in this model framework, recessions can arise because of
(1) actual productivity declines or (2) some reasons unrelated to
fundamentals of the economy. If the economy is shrinking because
of actual productivity decline, then a government may need to rely
on a traditional policy instrument to strengthen the competitiveness of the economy. But if recessions are exuberated by the presence of pessimistic perceptions or sentiments of agents, then
building up the agents’ confidence about the state of the economy
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may be sufficient. Or increasing government spending to boost a
demand of the economy by substituting for the lack of overall demand could be a way to escape a recession.
4. Conclusion
In this chapter, we have focused on consumption fluctuations in
the permanent income consumption model and disentangled consumption changes into the one driven by information orthogonal
to contemporaneous fundamentals and the one by fundamental
changes in productivity or income. We then proceeded to identify
South Korean recessions as either productivity-driven ones or belief-induced recessions. Our results suggest that most of South Korean recessions for the past thirty years can be classified as a belief-induced recession which implies that drops in consumption
cannot simply be explained by associated productivity declines.
As suggested in L’Huillier and Yoo (2017), we could interpret
this finding literally that estimated belief index represents information about agents’ expectations about the future income. Or a
more pessimistic view on this approach is that our estimated index
simply represents a measure of ignorance. Specifically, this model
lacks many important ingredients such as nominal, credit, or other
informational frictions, and it could be a very interesting exercise
to find deeper roots on interpreting our news index.
A potentially interesting solution to enrich the results obtained
here by mitigating the shortcoming of the approach we take in this
chapter is to embed the imperfect information on other more detailed structural models incorporating, for example, general equilibrium effects to recover agents’ belief about the economy, and
compute the similar sentiment score and make a comparison with
the score estimated in this chapter with the simple permanent income consumption model. While estimation becomes obviously
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more complicated, but embedding this imperfect information is
rather straightforward application and it will be a very interesting
exercise as a robustness check.
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V. Did South Korean Consumers Forecast Rationally?
1. Introduction
In the last two chapter, we have studied analyzing agents’ behavior when information is imperfect could be helpful to properly
understand macroeconomic fluctuations: We are able to classify
historical recessions according to the way agents’ sentiments affect
drops in consumption such that recessions can be classified to be
induced by actual joint drops in productivity and consumption or
by worsening consumer sentiments that exacerbate drops in consumption.
In this chapter, using the data from 1995Q1 to 2018Q3 we attempt to study whether South Korean consumers form expectations rationally.16 In line with the permanent income consumption logic discussed in Chapter 2, we estimate the consumption
model where agents receive noisy signals about the future income
and form expectations about the future rationally to choose
spending and compare it with the alternative model in which consumers are allowed to overreact to noisy signals when choosing
consumptions. We follow the strategy discussed in L’Huillier (2012)
to determine whether consumers form expectations rationally. We
also allow the possibility that consumers underreact to noisy signals as well. Figure 5.1 plots the model-based estimates of the permanent component of productivity and of consumers’ beliefs of
the permanent component of productivity. Three findings can be
observed from the figure. First, South Korean consumers, even
assuming that they behave rationally, have made mistakes in forecasting the state of the economy. This is due to the fact that given
the parameter estimates, changes in productivity due to permanent
16

We try not to use earlier data including the Asian Financial Crisis which might have
influenced consumers’ perception so dramatically after the initial hit.
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shocks are comparably smaller than changes in productivity following transitory shocks. Therefore, the forecasting errors on a
consumer-side is something inherent to the model. Second, even if
we take into account for the seemingly unavoidable forecast errors
of consumers, it is interesting to note that South Korean consumers were especially bad at forecasting the state of the economy
during the period of mid-1990s to mid-2000s. On the contrary, the
period of 2010s is associated with consumers making almost no
mistakes on estimating the state of the economy. Finally, it used to
be that South Korean consumers adjust beliefs rather quickly until
late 2000s. Specifically, from 1995 to 2000, consumers’ belief has
swung twice, first adjusting beliefs upward then by the time the
Asian Financial Crisis hit the economy, adjusting it downward.
On the contrary, for almost ten years since the year 2009, consumers’ beliefs have been slowly adjusting downward.
So given this observation and comparing the result for the US in
L’Huillier (2012), where US consumers seem to have made a very
Figure 5.1. Estimated Consumers’ Belief (solid) and Estimated Permanent Component of Productivity (dashed): 1995Q1–2018Q3

Notes:

The solid line denotes the smooth-estimated consumers’ belief on the permanent component of productivity whereas the dashed line depicts the smooth-estimated permanent
component of productivity.
Source: OECD.
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large mistake in estimating the state of the economy, our conjecture is that South Korean consumers were rational in forecasting
the state of economy. In the following section, we will formally
test our hypothesis using the full sample from 1995Q1-2018Q3.
We then split our sample into two, 1995Q1-2005Q4 and
2006Q1-2018Q3, and test the hypothesis. The reason for splitting
our sample into two is that there could have been a structural
change of the economy or the way South Korean consumers processing information given observation from Figure 5.1.
In Section 5.2, we describe our benchmark model, the permanent income consumption model with rational learning, and the
alternative model where consumers over(under-)react to noisy signals, and conduct the likelihood test to compare the model estimates. In Section 5.3, we conclude.
2. Models
We consider the two models of consumption with learning.
First, we consider the model in which rational consumers process
signals about the state of the economy and choose spending according to their rational estimates. The model is exactly the same
as the one described in Section 2. Thus, we will not deal lay out the
full model derivation here. Instead, we discuss the information
structure and agents’ consumption decision: agents observe two
signals about productivity of the economy. First, agents observe
productivity process at (in logs):
a t = x t + zt ,

where productivity at is a sum of permanent productivity xt and
transitory productivity zt . We assume that the permanent component of is given by
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∆xt = ρx ∆xt−1 + εt ,

such that it is changing over time due to a permanent shock with a
long-run effect. Similarly, the transitory shock process is given by
zt = ρz zt−1 + ηt ,

such that the process follows AR(1) and whose effect is short-run
lived.
εt and ηt are i.i.d. Gaussian shocks with mean zero and given
variances. In addition to the productivity signal, agents observe a
noisy signal st about the permanent productivity xt :
st = xt + νt ,

such that this noisy signal provides information about future fundamentals along with the productivity signal at .
Agents’ consumption decision is based upon the logic that consumers’ forecast the future income and choose spending accordingly:
ct = limj→∞ Et [a t+j ]

such that consumption only depends on consumers’ expectations
about the future income only, neglecting other important ingredients.
In addition to this benchmark rational consumption model, we
also consider the following alternative specification of consumption determination. Agents’ consumption decision is in general
based upon the consumption equation described as depicted above.
However, agents can potentially deviate from rationally processing
information and forming expectations about the future by reacting

86

Technology Shocks, Fluctuations, and Labor Market

noisy signals irrationally:
ct = lim Et [a t+j ] + τst
j→∞

where τ is a parameter to be estimated, which measures agents’
irrational reaction to noisy signals. Thus, when it is estimated to be
zero, it implies that agents are rational in terms of forming expectations (obviously, under the assumption that their consumption
behavior is characterized by the permanent income hypothesis)
about the future and choosing spending. However, when τ is estimated to be different from zero, it suggests that agents’ consumption behavior cannot just be associated with agents’ rational
expectation formation. To be more precisely, we will conduct a
likelihood test on our estimation to determine which model fits
the data better.
3. Results
We estimate two models using South Korean consumption (ct )
and productivity ( at ) series. We use the quarterly data from
1995:Q1 to 2018:Q3 and estimate the model by maximum likelihood. Table 5.1 reports the estimation results for two models.
The results suggest that parameters estimating productivity and
information are estimated to be very close. The parameter governing consumption (irrational) reaction to noisy signals, 𝜏, is estimated to be quite large and statistically significant. This implies
that consumption changes due to observing noisy signals would be
substantially larger than changes due to observing productivity
signals as shown in Figure 5.2.
Thus, consumption changes following productivity signals are
estimated to be always negative whereas those following noisy
signals are most of the time estimated to be positive. This is direct
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Table 5.1. Parameter Estimates, South Korea: 1995Q1-2018Q3
Parameter

Description

Model 1:
Rational learning
0.9033
(0.0213)
0.0156
(0.0009)

Model 2:
Overreacting model
0.9030
(0.0155)
0.0121
(0.0010)

ρ

Persistence productivity

σu

Std dev. productivity

σϵ

Std dev. permanent shock

0.0015

0.0012

ση

Std dev. transitory shock

0.0148

0.0115

σν

Std dev. noise shock

0.0218
(0.0061)

τ

Consumption reaction
to noisy signal

0.0255
(0.0055)
0.2073
(0.0663)

493.80

502.42

Likelihood

Notes:

Two standard deviations of structural shocks are indirectly recovered. Thus, no standard
errors are given.
Source: OECD.

Figure 5.2. Consumption Changes due to Noisy Signals (solid) and due to
Productivity (dashed): 1995Q1–2018:Q3

Notes:

The solid line denotes consumption changed due to observing noisy signals whereas the
dashed line depicts consumption changes due to observing productivity signals.
Source: OECD.

implication of the large estimate of 𝜏 and similarly estimated
productivity and information parameters in the alternative model
to the benchmark model.
Now, to test the rationality assumption, we perform a likeli-

88

Technology Shocks, Fluctuations, and Labor Market

hood ratio test on two models to examine whether the more flexible model in which agents overreact to noisy signals has an advantage in explaining productivity and consumption dynamics for
the South Korean economy. Interestingly, unlike the case for the
U.S. economy, we reject the null hypothesis that two models perform equally well at the 5% confidence level such that the alternative model (of overreaction to noisy signals) performs better than
the benchmark rational consumers’ consumption model, and this
implies that the hypothesis that South Korean consumers have
been forming expectations rationally is rejected for the sample period of 1995:Q1 to 2018:Q3.
As we’ve seen from Figure 5.1, South Korean consumers seem
to forecast the fundamental a lot better in recent years. Thus, we
attempt to split the sample into two and implement the similar
exercise. First, we estimate the parameters of two models for the
period of 1995Q1 to 2006Q4 and computes associated likelihoods.
Table 5.2 shows the estimation results. Similar to the estimation
results obtained with the full sample, we reject the null hypothesis
that two models perform equally well at the 5% confidence level
such that the alternative model performs better than the consumption model with rational expectation formation.
In Table 5.3 we show the estimation results of the two competing models for the period of 2007Q1 to 2018Q3.
Our estimation results suggest that unlike the two exercises, we
cannot reject the null hypothesis that both models perform equally
well to explain the path of consumption and productivity in South
Korean data for the period of 2007:Q1 to 2018:Q3 at the 5% confidence level.
What would be the interpretation of our exercise? Well, first of
all, taking our results literally, the estimation results imply that
South Korean the conjecture that consumers rationally form expectations about the future is rejected taking the full sample from
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Table 5.2. Parameter Estimates, South Korea: 1995Q1-2006Q4
Parameter

Description

Model 1:
Rational learning
0.9030
(0.0290)
0.0204
(0.0018)

Model 2:
Overreacting model
0.8858
(0.0239)
0.0136
(0.0019)

ρ

Persistence productivity

σu

Std dev. productivity

σϵ

Std dev. permanent shock

0.0020

0.0015

ση

Std dev. transitory shock

0.0193

0.0128

σν

Std dev. noise shock

0.0288
(0.0106)

τ

Consumption reaction
to noisy signal

0.0323
(0.0086)
0.3548
(0.1427)

205.11

210.68

Likelihood

Notes:

Two standard deviations of structural shocks are indirectly recovered. Thus, no standard
errors are given.
Source: OECD.

Table 5.3. Parameter Estimates, South Korea: 2007Q1-2018Q3
Parameter

Description

Model 1:
Rational learning
0.7539
(0.0670)
0.0092
(0.0009)

Model 2:
Overreacting model
0.8093
(0.0354)
0.0080
(0.0008)

ρ

Persistence productivity

σu

Std dev. productivity

σϵ

Std dev. permanent shock

0.0023

0.0015

ση

Std dev. transitory shock

0.0080

0.0072

0.0093
(0.0036)

0.0197
(0.0073)
0.1042
(0.0390)

283.90

285.66

σν

Std dev. noise shock

τ

Consumption reaction
to noisy signal
Likelihood

Notes:

Two standard deviations of structural shocks are indirectly recovered. Thus, no standard
errors are given.
Source: OECD.

1995 to 2018 and the subsample from 1995 to 2006, and South Korean consumers rely on and overreact to outside information to
choose spending. On the other hand, South Korean consumers
form expectations rationally for the period 2007 to 2018 supported
by the estimation exercise suggesting that the conjecture that con-
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sumers rationally form expectations cannot be rejected for the
sample period. Do our results suggest that South Korean consumers suddenly form expectations rationally in recent period? Well,
our results hinge on the assumption that consumers choose
spending as permanent income consumers by processing productivity and noisy signals, and our simple model only concerns with
productivity and consumption series for estimation. Thus, when
interpreting our results, we should be extra careful to draw too
much conclusion out of it.
Still, if you look at Figure 5.1, we observe that South Korean
consumers’ estimates on the permanent component of productivity (𝑥𝑡|𝑡 ) is more in line with estimated actual permanent component of productivity (𝑥t ) in recent years, say from around 2010.
Therefore, according to this observation, South Korean consumers
could have estimated the true state of the economy better in recent
years and choose spending accordingly such that it is reflected in
our estimation exercises.
However, we must acknowledge that there is a possibility that
our extended model to allowing for agents irrationally reacting to
noisy signals is ill-equipped to describe agents’ consumption behavior: Figure 5.2 depicts the estimated consumptions due to
productivity and noisy signals and it shows that consumption responses to noisy shocks are always positive and large, and consumption responses to productivity are always negative and large.
How reliable these results are needs to be scrutinized and we might
be open to the possibility that this model extension is not very
suitable.
4. Conclusion
Whether agents behave and process information rationally has
an important implication for modelling. In most of the widely
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used macroeconomic models, the underlying assumption is that
agents are rationally in forming expectations. In this chapter, we
have examined empirically if South Korean consumers have
formed their expectations about the underlying fundamentals rationally by observing noisy signals. Our method follows the approach of L’Huillier (2012) and compare and estimate two alternative models of consumption spending: one in which agents process
information rationally and choose consumption spending and the
other in which agents heuristically react to noisy signals. Given
that the rational information processing model nests the alternative model specification, we could simply conduct a likelihood ratio test to determine which model fits data better. Our results
show that South Korean consumers process information rationally
in recent times, however, for the whole period in our sample and
for the earlier period, the null hypothesis that agents’ consumption
behavior is characterized by rationally information processing is
rejected. However, it should be stressed that looking at the
smoothed state variables and shocks, the alternative model specification of agents not reacting rationally to form expectations could
be misleading in terms of analyzing agents’ consumption behavior.
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Summary of Part 2

The second part of this paper concerns with studying labor
market dynamics and how they are related to fluctuations of aggregate quantities and other measures of the state of the economy.
In Chapter 6 we attempt to shed light on the relationship between macroeconomic variables and labor market conditions. Specifically, we use the unemployment and the employment ratio as
our proxy for labor market conditions and examine if some aggregate quantities including not only a trend and cyclical component
of key macro variables but also other indirect measures of aggregate states of the economy can be helpful to predict South Korean
labor market conditions, and vice versa. We use the sample from
1999:Q1 to 2018:Q3 and use various detrening methods to decompose output, consumption, investment, net-exports, and government spending. And then, we also follow the approach taken
previously to extract model-based consumer confidence, permanent and transitory productivity shocks, and so. We then proceed
to compare these indices or variables to the unemployment ratio
and the employment ratio to compute a correlation coefficient.
Our results suggest that macro- and sentiment-indicators are good
contemporaneous and short- to medium-run leading indicators for
labor market conditions, which can be used to forecast labor market dynamics. At the same time, these labor market variables are
also a forward indicator for some important aggregate quantities,
which suggest that to forecast aggregate quantities, a present labor
market situation may act as a useful additional information.
In Chapter 7, we consider the one of the most famous empirical
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relationship in macroeconomics, Okun’s law, to undertake measuring the link between potential output and labor market performance across countries, aiming, in particular, at comparing the
case of South Korea with the experiences of other countries.
Daly et al. (2014) examine labor market performance across
OECD countries through the lens of Okun’s Law. In our study,
we increase the sample size by adding more countries including
South Korea in estimation and also include the most recent data
which were unavailable in Daly et al. (2014) to study the relationship between output and the unemployment rate: specifically, we
first estimate the traditional Okun coefficients for a set of countries. We use the rolling window of 40 quarters to examine how
the coefficients change over time. Figure B1 and B2 show the results: the Okun coefficient for most countries are estimated to be
negative except for Switzerland, Italy, and few others. Also, using
the rolling window approach, we observe a substantial heterogeneity in the estimated Okun’s coefficients across time.
In Daly et al. (2014) show that with estimating Okun’s coefficient across countries for three different periods. They show that,
first of all, before the Great Moderation, the Okun correlation in
the typical country was large and the estimated coefficients differ
greatly across countries. Secondly, during the Great Moderation,
the estimated Okun coefficients are much smaller and the differences across countries narrowed substantially. Finally, after the
crises in the late 2000s, the Okun correlation increased and difference across countries began to increase again. They also attempt to
study this divergence of cross country differences by examining
the Okun correlation for three separate labor market variables. In
our exercise, we instead show how South Korean labor market is
unique in the sense that the unemployment rate is positively related to the intensive margin of labor supply and that it is highly
associated with labor declines, which is quite different from the
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observations from other countries.
Figure B1. Estimated Okun Coefficients: European Countries
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Figure B2. Estimated Okun Coefficients: Non-European Countries

In Chapter 8, we validate the usefulness of Okun’s law by estimating the relationship between output and labor market components: Specifically, we detrend output by (1) linking the peaks of
output fluctuations, a proxy for potential output, and (2) connect-
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ing the troughs of output fluctuations, which has no economic
meaning whatsoever. Therefore, if Okun’s law can actually capture something meaningful, we should be able to observe a statistically significant relationship for Specification 1 and not for Specification 2. Unfortunately, our results show that we do not find
much difference in terms of the estimated Okun coefficients for
two cases.
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VI. Understanding Business Cycles and Labor Market
Dynamics
1. Introduction
In Part 2 of this paper, we attempt to study the link between
labor market dynamics and changes in aggregate quantities. Specifically, our aim is to understand how technology shocks and technological changes are related to labor market conditions.
Before structurally analyzing the link between labor markets
and technological change and shocks, we first try to estimate some
important business-cycle statistics and examine if they are by any
means linked to key indices describing labor market situations in
South Korea. As already discussed in Chapter 1, South Korean
business cycles have many characteristics of small open emerging
market economies. According to Aguiar and Gopinath (2007),
emerging market business cycles have three distinct characteristics
such as a large volatile and counter-cyclical net-exports and a large
relative consumption volatility to output volatility, and for South
Korea, the relative volatility of consumption to output, the volatility of net-exports to output ratio, and the correlation between
net-exports and output are estimated at 1.23 (0.06), 2.32 (0.51), and
-0.61 (0.17) (standard errors in parenthesis). In this chapter, we will
estimate some key business-cycle statistics for South Korea and
study the relationship between key macro variables and labor
market conditions. Our labor market variables of interests are the
employment ratio and the unemployment ratio. Table 8.1 describe
the data source of definition of the variables.
The macroeconomic variables, net-exports, output, consumption expenditure, government expenditure, and investments are
already discussed in detail in Chapter 1. So we will skip in describing the details of these variables. For the employment ratio, it
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Table 6.1. Data Sources
Variable
Output
Import
Export
Net-exports
Government
spending
Consumption
Investment
Employment ratio
Unemployment
ratio

Note
Gross domestic product - expenditure approach
Imports of goods and services
Exports of goods and services
Exports subtracted by imports
General government final consumption
expenditure
Private final consumption expenditure
Gross fixed capital formation
Total employment divided by total population
Total unemployment divided by total
population

Series ID
B1_GE, VOBARSA
P7, VOBARSA
P6, VOBARSA

P3S13, VOBARSA
P31S14_S15, VOBARSA
P51, VOBARSA

Source: Quarterly National Accounts of OECD, Statistics Korea.

is calculated by dividing total employment by total population,
and for the unemployment ratio, it is measured by the ratio of total unemployment to total population. The population series is
obtained from the OECD, and the series for total employment and
unemployment are obtained from the Korean Statistical Information Service. The series run from 1999:Q1 to 2018:Q3.
Let us first estimate some key macroeconomic statistics.
As shown in Table 6.2, the South Koran economy exhibits a
stronger counter cyclicality of net-exports, a more volatile
net-exports to output ratio, and a more volatility relative consumption volatility in comparison to the Group 7 countries. Our
empirical exercise is straightforward such that we will collect a set
of key macro variables and attempt to compute correlation coefficients between macro variables and labor market conditions (the
employment ratio and the unemployment ratio) for South Korea.
Figure 6.1 depicts the dynamics of output, consumption, government expenditure, net-exports, and investment for the post Asian
Financial Crisis period. For business-cycle analysis, we conduct the
trend-and-cycle decomposition to remove trends from cycles using
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the Hodrick-Prescott filter and the Baxter-King filter. Figure 6.2
depicts the cyclical components of key macro variables obtained
Table 6.2. The Relative Volatility of Key Macro Variables
Variable
South Korea
USA
Japan
Germany
France
Canada
Italy
UK
Mexico

Consumption
expenditure
1.06
0.77
0.79
0.76
0.80
0.81
0.89
1.01
1.06

Net-exports
0.75
0.21
0.36
0.43
0.36
0.50
0.52
0.36
0.70

Government
expenditure
0.77
0.88
0.73
0.87
0.57
0.84
0.58
0.80
1.20

Investment
3.61
2.50
2.27
2.57
2.30
2.77
2.60
2.77
3.94

Notes:

Consumption expenditure, net-exports, government expenditure, and investment respectively refer to the relative volatility of consumption expenditure, net-exports, government expenditure, and investment to output volatility. Data run from 1960:Q1 to
2018:Q3.
Source: Quarterly National Accounts of OECD, Statistics Korea.

Figure 6.1. Dynamics of Key Aggregate Quantities: 1999:Q2–2018:Q3

Notes:

CONS, GDP, GOV, INV, and NETEXPORTS refer to private consumption expenditure, real GDP, real government expenditure, investment, and net-exports in 100 billion
Korean Won.
Source: Quarterly National Accounts of the OECD.
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by applying Hodrick-Prescott filter, and Figure 6.3 shows that the
filtered real GDP using three different filtering techniques are estimated very close to each other, given very high correlations between them.
Specifically, the estimated correlation coefficients between the
ones obtained from the HP filter and BK filter, the HP filter and
CF filter, and the BK filter and CF filter are 0.94, 0.93, and 0.99.
The extraordinarily high correlation for the cyclical component of
real GDP estimated using the BK and CF filters are due to the fact
that both filters are in essence functioning as a band-pass filter.
So far, what we have obtained are trend and cyclical components of key macro variables, which later will be examined to determine their relationships with labor market condition. In addition to these items, we will also estimate a simple DSGE model to
recover non-stationary and stationary technology shock components. Specifically, we base our discussion on a small open economy RBC model in Chapter 3 such that the production technology
is given by
Yt = At Nt,

where At denotes labor productivity. We further assume that labor productivity (in logs) is decomposed into a permanent productivity component (xt ) and a transitory component of productivity
(zt ):
a t = x t + zt ,
Δxt = ρxt−1 + ϵt ,
zt = ρzt−1 + ηt ,

where ϵt and ηt are permanent and transitory technology shocks.
(For a more detailed model description, see Chapter 4.)
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Figure 6.2. HP-filtered Cyclical Components: 1999:Q2–2018:Q3

Notes:

CONS, GDP, GOV, INV, and NETEXPORTS refer to HP-filtered cyclical components of private consumption expenditure, real GDP, real government expenditure, investment, and net-exports in 100 billion Korean Won.
Source: Quarterly National Accounts of the OECD.

Figure 6.3. Filtered Real GDP: 1999:Q2–2018:Q3

Notes:

Baxter-King, Christiano-Fitzerald, and Hodrick-Prescott refer to the cyclical components
of real GDP filtered using respectively the Baxter-King (BK) filter, Christiano-Fitzerald
(CF) filter, and Hodrick-Prescott (HP) filter (in 100 billion Korean Won).
Source: Quarterly National Accounts of the OECD.
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In this chapter, we consider two versions of this model. First,
we take the full information version of this model, similar to
Aguiar and Gopinath (2007). This implies that consumers not only
observe productivity at but also can separately identify two
productivity components xt and zt .
Second, we consider the model assuming that information is
imperfect as in the model in Chapter 3. We will extract the two
productivity components and compare the behavior of these
components to the cyclical real GDP obtained previously.
Figures 6.4 and 6.5 plot the smooth-estimated permanent and
transitory components of productivity using the small open
economy RBC model for full information and imperfect information specifications, respectively.
Computing the correlation for permanent and transitory components of productivity for two information specifications, we
find that the correlation for the permanent productivity compoFigure 6.4. Smoothed Real GDP (Full-information): 1999Q2-2018Q3

Notes:

Permanent and Transitory refer to the permanent and transitory productivity components assuming full information by using the SOE-RBC model.
Source: Quarterly National Accounts of the OECD.
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Figure 6.5. Smoothed Real GDP (Imperfect-information): 1999Q2-2018Q3

Notes:

Permanent and Transitory refer to the permanent and transitory productivity components assuming imperfect information by using the SOE-RBC model.
Source: Quarterly National Accounts of the OECD.

nents estimated using two information specifications is 0.97 and
that the correlation for the transitory productivity components
estimated for two information specifications is 0.90.
If the model-based cyclical productivity component and the statistically filtered cyclical component of real GDP are correlated,
then the use of these filtered series could be argued to be more reliable for our exercise. Figure 6.6 depicts the model-based and statistically-filtered cyclical productivity and real GDP.
Table 6.3 reports the correlation matrix for these variables. We
observe that a high correlation between the cyclical components of
real GDP and the estimated transitory technology shocks, ranging
from 0.42 to 0.52.
Now, given that agents are forward-looking and uncertainty regarding the aggregate dynamics, consumers and producers’ expectations or sentiment about the future could play an important role
shaping the dynamics of real economies. For South Korea, the
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Figure 6.6. Filtered Real GDP Series: 1999Q2-2018Q3

Notes:

Transitory (imperfect info) and Transitory (full info) refer to the transitory productivity
components assuming imperfect information and full information estimated by maximum likelihood using the SOE-RBC model. GDP (HP filtered) and GDP (BK filtered)
are the filtered real GDP (cyclical components) using the HP-filter and BK-filter, respectively.
Source: Quarterly National Accounts of the OECD.

Table 6.3. Correlation between the Filtered GDP and the Estimated Transitory
Productivity
GDP (HP-filtered) GDP (BK-filtered)
GDP (HP-filtered)
GDP (BK-filtered)
Trans (imperfect info)
Trans (full info)

1.00
0.94
0.52
0.47

1.00
0.47
0.42

Trans
(imperfect info)
1.00
0.95

Trans (full info)
1.00

Notes:

GDP (HP-filtered) and GDP (BK-filtered) refer to HP-filtered and BK-filtered cyclical
components of real GDP, respectively, and Trans (imperfect info) and Trans (full info)
are the smooth estimated cyclical components of productivity via maximum likelihood
based on the small open economy RBC model.
Source: Quarterly National Accounts of OECD, Statistics Korea.

following sentiment indices exist: the Consumer Sentiment Index
(CSI), the Business Survey Index (BSI), and the Economic Senti-
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ment Index (ESI).
Figure 6.7 depicts the dynamics of these indices, and we observe
that the correlations between these indices are fairly high: the correlation between the BSI and the CSI is 0.54, between the CSI and
the ESI is 0.55, and between the BSI and the ESI is 0.75.
In Figure 6.8 depicts these confidence indices and the estimated
consumer confidence series estimated following Waldmann and
Yoo (2018). In Waldmann and Yoo (2018), consumer confidence is
extracted using aggregate expenditure data. The correlations of
model-extracted consumer confidence with the BSI, the CSI, and
the ESI are 0.24, 0.28, and 0.32, respectively. Compared to the results for other countries, we observe that the correlation between
model-based and survey-based consumer confidence is a little low
for South Korea. (See Waldmann and Yoo 2018 for more details.)
Figure 6.7. Consumers and Producers Confidence

Notes:

BSI, CSI, and ESI respectively refer to the Business Sentiment Index, the Consumer Sentiment Index, and the Economic Survey Index. See Chapter X for a more detailed description of these indices.
Source: the Bank of Korea and the Statistics Korea.
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Figure 6.8. Model Estimated Consumer Confidence and Survey-based Consumers and Producers Confidence

Notes:

Estimated Confidence denotes the smooth-estimated consumer confidence using aggregate expenditure data, and the BSI, CSI, and ESI respectively refer to the Business Sentiment Index, the Consumer Sentiment Index, and the Economic Survey Index. (See
Chapter X for a more detailed description of these indices.)
Source: the Bank of Korea and the Statistics Korea.

2. Relationship between Macro-variables and Labor Market
Situations
In this section, we examine if key macro variables and confidence indices obtained from the last section can be related to labor
market situations in South Korea. Specifically, we take the employment and unemployment ratios and their trend and cycle decompositions for our proxy for labor market conditions and consider real consumption expenditure, real GDP, investment, government expenditure, and net-exports and their trends and cycles
for our macroeconomic indicators. Finally, we also consider the
survey-based consumers’ and producers’ confidence indices, i.e. the
BSI, CSI, and ESI, and the model-estimated confidence indices for
our empirical exercise.
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Figure 6.9 depicts the employment ratio and the unemployment
ratio for South Korea from 1999:Q3 to 2018:Q3.
The employment ratio is defined by
𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑒 𝑅𝑎𝑡𝑖𝑜 =

Total Employment
Total Population

,

and the unemployment ratio is given by
Figure 6.9. Employment and Unemployment Ratio: 1999:Q3-2018:Q3

Notes:

Employment ratio and unemployment ratio denote total employment divided by total
population and total unemployment divided by total population, respectively.
Source: the Bank of Korea and the Statistics Korea.
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Total Unemployment
Total Population

.

The employment ratio has increased from 45.6% in the third
quarter of 1999 to 52.8% in the third quarter of 2018. The unemployment ratio had been decreasing from 3.11% at the third quarter of 1999 to 1.54%, the lowest mark, at the fourth quarter of
2002. It then has been slowly increasing and reaching 2.2% at the
third quarter of 2018.
Tables 6.4 to 6.9 reports the macroeconomic and confidence indices which seem to have a high correlation with labor market
conditions.
From our estimation results, we do not find any macroeconomic variable and confidence index that has a strong correlation with
cyclical components of the employment ratio and unemployment
ratio. Specifically, we find that the cyclical component of the emTable 6.4. Correlation with the Employment Ratio
Variable

Correlation coefficient

Business Survey Index (trends)

-0.71

Consumer Sentiment Index (trends)

0.78

Consumption expenditure

0.89

Real consumption expenditure (trends)

0.89

Real GDP

0.90

Real GDP (trends)

0.89

Government expenditure

0.88

Government expenditure (trends)

0.89

Investment

0.88

Investment (trends)

0.91

Net-exports

0.71

Net-exports (trends)

0.89

Notes:

(trends) and (cycles) refer to HP-filtered trend and cyclical components of a respective
variable.
Source: Quarterly National Accounts of OECD, Statistics Korea.
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Table 6.5. Correlation with the Employment Ratio (Trends)
Variable

Correlation coefficient

Business Survey Index (trends)

-0.76

Consumer Sentiment Index (trends)

0.85

Economic Sentiment Index (trends)

-0.71

Estimated permanent productivity

0.60

Estimated transitory productivity

-0.85

Real consumption expenditure

0.97

Real consumption expenditure (trends)

0.99

Real GDP

0.99

Real GDP (trends)

0.99

Government expenditure

0.98

Government expenditure (trends)

0.98

Investment

0.97

Investment (trends)

0.99

Net-exports

0.81

Net-exports (trends)

0.98

Notes:

(trends) and (cycles) refer to HP-filtered trend and cyclical components of a respective
variable.
Source: Quarterly National Accounts of OECD, Statistics Korea.

Table 6.6. Correlation with the Employment Ratio (Cycles)
Variable

Correlation coefficient

Economic Sentiment Index (cycles)

0.35

Notes:

(trends) and (cycles) refer to HP-filtered trend and cyclical components of a respective
variable.
Source: Quarterly National Accounts of OECD, Statistics Korea.

Table 6.7. Correlation with the Unemployment Ratio
Variable

Correlation coefficient

Economic Sentiment Index (trends)

-0.45

Real consumption expenditure (cycles)

0.41

Notes:

(trends) and (cycles) refer to HP-filtered trend and cyclical components of a respective
variable.
Source: Quarterly National Accounts of OECD, Statistics Korea.
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Table 6.8. Correlation with the Unemployment Ratio (Trends)
Variable

Correlation coefficient

Business Survey Index (trends)

-0.78

Economic Sentiment Index (trends)

-0.92

Estimated Permanent Productivity

-0.87

Real consumption expenditure

0.50

Real consumption expenditure (trends)

0.50

Real GDP

0.52

Real GDP (trends)

0.52

Government expenditure (trends)

0.51

Investment

0.54

Investment (trends)

0.56

Net-exports

0.56

Net-exports (trends)

0.63

Notes:

(trends) and (cycles) refer to HP-filtered trend and cyclical components of a respective
variable.
Source: Quarterly National Accounts of OECD, Statistics Korea.

Table 6.9. Correlation with the Unemployment Ratio (Cycles)
Variable
Real consumption expenditure (cycles)

Correlation coefficient
-0.41

Notes:

(trends) and (cycles) refer to HP-filtered trend and cyclical components of a respective
variable.
Source: Quarterly National Accounts of OECD, Statistics Korea

ployment ratio is positively correlated with the cyclical component of the Economic Sentiment Index at 0.35, and is negatively
related with the cyclical component of real consumption expenditure at -0.41. Similarly, we find that the cyclical component of the
unemployment ratio is negatively related to the trend component
of the Economic Sentiment Index at -0.45, and is positively correlated with the cyclical component of real consumption expenditure at 0.41.
On the contrary, the trend component of the unemployment
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ratio seems to have a high correlation with many macroeconomicand confidence indices. Specifically, it is highly (negatively) correlated with the Business Survey Index (-0.78) and the Economic
Sentiment Index (-0.92) and is also negatively related to the estimated permanent productivity (-0.87). In addition, a high correlation is observed with respect to all the macro indices such as real
consumption expenditure, real GDP, government expenditure,
investment and net-exports.
It is more difficult to explain a causality between the trend
component of the unemployment ratio and the ESI, it is quite intuitive to suggest that these two variables influence each other one
way or another: a large unemployment ratio leads economic agents
to form a negative perception of the state of the economy while
producers having a negative perception about the economy could
obviously influence the employment decision negatively. The negative relationship observed for the key macroeconomic variables
and the unemployment ratio can be attributed to Okun’s law.
The employment ratio and the trend component of it have a
high correlation with many macroeconomic variables, estimated
productivity as well as confidence indices. For example, the employment ratio is positively related to transitory productivity
while it is negatively correlated with permanent productivity. The
fact that we observe a positive correlation between permanent
productivity and he employment ratio can be attributed to linking
permanent productivity to technological progress and the substitutability of labor with capital. A positive correlation between
macroeconomic variables and the unemployment ratio should be
examined by the procyclicality of business-cycles.
Last but not the least, it is very interesting to note that the employment ratio is highly negatively related to the trend component
of the Business Survey Index and that it is highly positively correlated with the Consumer Sentiment Index. This observation im-
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plies that consumers and producers confidence could potentially
have different implications or should be interpreted differently for
labor market dynamics. We are obviously not able to find a direct
causality between these confidence indices and the employment
ratio, but we could safely conjecture that when the unemployment
conditions are favorable, consumers may form a positive sentiment
or perception on the state of the economy. On the other hand,
linking the Business Survey Index to labor market conditions may
require a more medium to long-run perspective, and we will need
to pay a careful attention to how to perceive the increase (or decline) in employment to how enterprises or producers form expectations on the present and future state of the economy. For
producers’ or enterprises’ objective is not necessarily to increase
the employment of the economy, therefore, bad employment situations do not necessarily reflect the negative views on the economy by producers.
We have so far examined a contemporaneous correlation between indices reflecting labor market conditions and macroeconomic variables, confidence indices, and estimated productivity
components. A one further exercise we could potentially conduct
is to examine cross-correlations between these variables with leads
and lags, determining if any of these macro-, confidence variable
could be a leading indicator to forecast labor market conditions,
and vice versa.
From Tables 6.10 to 6.12 we report a short-run correlation of
the employment ratio, the trend component of the employment
ratio, and the trend component of unemployment ratio with respect to those macro-, confidence indices, and estimated productivity that have a high contemporaneous correlation with the
aforementioned labor market indices.
Specifically, our results show that the trend component of the
Business Survey Index, the estimated permanent productivity and
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Table 6.10. Correlation with the Employment Ratio (Leads and Lags)
(1)

(2)

(3)

(4)

(5)

(6)

(7)

-8

-0.68

0.37

0.64

0.65

0.66

0.65

0.66

-7

-0.70

0.42

0.68

0.69

0.70

0.69

0.69

-6

-0.70

0.45

0.71

0.72

0.73

0.72

0.71

-5

-0.71

0.51

0.75

0.76

0.77

0.76

0.74

-4

-0.72

0.56

0.79

0.80

0.81

0.80

0.77

-3

-0.72

0.62

0.84

0.84

0.85

0.84

0.80

-2

-0.70

0.66

0.87

0.87

0.87

0.87

0.82

-1

-0.69

0.72

0.91

0.91

0.91

0.91

0.85

0

-0.68

0.78

0.95

0.95

0.95

0.95

0.87

1

-0.63

0.74

0.91

0.91

0.90

0.90

0.86

2

-0.58

0.72

0.87

0.87

0.86

0.84

0.84

3

-0.52

0.69

0.81

0.82

0.81

0.78

0.81

4

-0.47

0.67

0.78

0.78

0.77

0.74

0.79

5

-0.42

0.64

0.75

0.75

0.74

0.70

0.77

6

-0.36

0.63

0.71

0.71

0.70

0.65

0.75

7

-0.30

0.62

0.66

0.66

0.65

0.59

0.71

8

-0.24

0.61

0.62

0.63

0.62

0.55

0.68

Notes:

(1) to (8) refers to the correlation of the employment ration with (1) the trend component
of the Business Survey Index, (2) the trend component of the Consumer Sentiment Index,
(3) the trend component of real consumption expenditure, (4) the trend component of
real GDP, (5) the trend component of government expenditure, (6) the trend component
of investment, and (7) the trend component of net-exports.
Source: Quarterly National Accounts of OECD, Statistics Korea.

the macro variables such as the trend components of real consumption expenditure, real GDP, government expenditure, investment, and net-exports are all good short-term leading indicator
for the employment ratio whereas this ratio is a good leading indicator for the trend component of the Consumer Sentiment Index
and the aforementioned macroeconomic variables.
For the trend component of the employment ratio, we find that
the trend components of the Business Survey Index and the Economic Sentiment Index, estimated permanent and transitory
productivities as well as macro indicators such as the trend com-
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ponents of real GDP and net-exports are all good leading
short-term indicators for the employment ratio. Similarly, this
trend employment ratio is a good short-term leading indicator for
the trend components of the Consumer Sentiment Index and the
Economic Sentiment Index, and other macroeconomic indicators.
For the trend component of the unemployment ratio, we find
that the trend components of the Business Survey Index is a good
leading short-term indicators for this ratio. Similarly, this trend
unemployment ratio is a good short-term leading indicator for the
trend components of the Business Survey Index and the Economic
Table 6.11. Correlation with the (Trend) Employment Ratio (Leads and Lags)
(1)

(2)

(3)

(4)

(5)

(6)

(7)

-8

-0.70

0.39

-0.73

-0.63

0.59

0.67

0.69

-7

-0.71

0.44

-0.75

-0.61

0.60

0.71

0.72

-6

-0.73

0.50

-0.77

-0.59

0.59

0.75

0.75

-5

-0.73

0.55

-0.78

-0.57

0.60

0.79

0.78

-4

-0.74

0.61

-0.78

-0.55

0.57

0.83

0.80

-3

-0.73

0.67

-0.78

-0.53

0.55

0.87

0.83

-2

-0.73

0.73

-0.78

-0.50

0.54

0.91

0.86

-1

-0.72

0.79

-0.77

-0.47

0.54

0.95

0.89

0

-0.71

0.85

-0.76

-0.44

0.53

0.99

0.91

1

-0.65

0.82

-0.73

-0.40

0.50

0.95

0.89

2

-0.60

0.79

-0.70

-0.36

0.47

0.91

0.87

3

-0.55

0.76

-0.67

-0.32

0.45

0.87

0.85

4

-0.49

0.74

-0.64

-0.28

0.43

0.83

0.83

5

-0.44

0.71

-0.60

-0.24

0.40

0.79

0.81

6

-0.38

0.69

-0.56

-0.20

0.38

0.75

0.78

7

-0.32

0.67

-0.52

-0.16

0.35

0.71

0.75

8

-0.26

0.65

-0.48

-0.12

0.34

0.67

0.72

Notes:

(1) to (8) refers to the correlation of the employment ration with (1) the trend component
of the Business Survey Index, (2) the trend component of the Consumer Sentiment Index,
(3) the trend component of the Economic Sentiment Index, (4) estimated permanent
productivity, (5) estimated transitory productivity, (6) the trend component of real GDP,
and (7) the trend component of net-exports.
Source: Quarterly National Accounts of OECD, Statistics Korea.
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Table 6.12. Correlation with the (Trend) Unemployment Ratio (Leads and Lags)
(1)

(2)

(3)

-8

-0.40

-0.25

-0.20

-7

-0.46

-0.31

-0.29

-6

-0.52

-0.37

-0.37

-5

-0.59

-0.44

-0.46

-4

-0.65

-0.50

-0.54

-3

-0.72

-0.57

-0.62

-2

-0.79

-0.64

-0.70

-1

-0.86

-0.71

-0.78

0

-0.92

-0.78

-0.85

1

-0.91

-0.80

-0.81

2

-0.88

-0.81

-0.77

3

-0.85

-0.82

-0.72

4

-0.82

-0.82

-0.68

5

-0.78

-0.82

-0.63

6

-0.74

-0.81

-0.58

7

-0.69

-0.79

-0.54

8

-0.63

-0.77

-0.50

Notes:

(1) to (3) refers to the correlation of the trend component of the unemployment ratio
with (1) the trend component of the Business Survey Index, (2) the trend component of
the Economic Sentiment Index, (3) estimated trend productivity.
Source: Quarterly National Accounts of OECD, Statistics Korea.

Sentiment Index, as well as trend productivity.
From Tables 6.13 to 6.15 we report a medium-run correlation of
the employment ratio, the trend component of the employment
ratio, and the trend component of unemployment ratio with respect to those macro-, confidence indices, and estimated productivity that have a high contemporaneous correlation with the
aforementioned labor market indices. Our results suggest that the
trend component of the Business Survey Index is a decent leading
indicator for the trend component of the employment ratio
whereas this ratio is a decent leading indicator for the trend component of the Business Survey Index and the Consumer Sentiment

Part 2: Labor Market Dynamics

119

Index. For the cross-correlation with other macro variables, we do
not find that there is a strong medium-run correlation between
them.
For the trend component of the employment ratio, we find that
the trend component of the Business Survey Index and the esti
mated permanent productivity are decent leading indicators for
this ratio whereas it is a good indicator for the trend components
of the Business Survey Index and the Consumer Sentiment Index.
For the cross-correlation with other macro variables, we do not
find that there is a strong medium-run correlation between them.
Table 6.13. Correlation with the Employment Ratio (Leads and Lags)
(1)

(2)

(3)

(4)

(5)

(6)

(7)

-24

-0.20

-0.25

0.07

0.08

0.09

0.11

0.14

-23

-0.23

-0.22

0.10

0.11

0.12

0.13

0.17

-22

-0.23

-0.21

0.12

0.13

0.14

0.14

0.20

-21

-0.27

-0.17

0.15

0.16

0.18

0.18

0.23

-20

-0.30

-0.14

0.19

0.20

0.21

0.22

0.27

-19

-0.34

-0.10

0.22

0.24

0.25

0.25

0.30

-18

-0.36

-0.07

0.25

0.26

0.28

0.28

0.33

-17

-0.40

-0.03

0.29

0.31

0.32

0.32

0.36

0

-0.68

0.78

0.95

0.95

0.95

0.95

0.87

17

0.20

0.46

0.35

0.34

0.33

0.26

0.36

18

0.24

0.45

0.32

0.31

0.31

0.23

0.32

19

0.28

0.44

0.28

0.27

0.27

0.19

0.27

20

0.31

0.42

0.26

0.25

0.25

0.17

0.23

21

0.34

0.38

0.23

0.22

0.22

0.15

0.19

22

0.37

0.37

0.21

0.20

0.20

0.13

0.16

23

0.39

0.35

0.17

0.16

0.16

0.10

0.11

24

0.41

0.31

0.15

0.14

0.14

0.08

0.08

Notes:

(1) to (7) refers to the correlation of the employment ration with (1) the trend component
of the Business Survey Index, (2) the trend component of the Consumer Sentiment Index,
(3) the trend component of real consumption expenditure, (4) the trend component of
real GDP, (5) the trend component of government expenditure, (6) the trend component
of investment, and (7) the trend component of net-exports.
Source: Quarterly National Accounts of OECD, Statistics Korea.
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Table 6.14. Correlation with the (Trend) Employment Ratio (Leads and Lags)
(1)

(2)

(3)

(4)

(5)

(6)

(7)

-24

-0.24

-0.27

-0.08

-0.40

-0.00

0.09

0.16

-23

-0.27

-0.24

-0.11

-0.42

0.02

0.12

0.19

-22

-0.30

-0.21

-0.15

-0.43

0.07

0.15

0.22

-21

-0.33

-0.18

-0.19

-0.45

0.12

0.19

0.26

-20

-0.36

-0.15

-0.24

-0.47

0.16

0.22

0.29

-19

-0.39

-0.11

-0.28

-0.49

0.19

0.25

0.33

-18

-0.42

-0.08

-0.33

-0.51

0.24

0.29

0.36

-17

-0.45

-0.04

-0.38

-0.54

0.27

0.32

0.40

0

-0.71

0.85

-0.76

-0.44

0.53

0.99

0.91

17

0.22

0.49

-0.01

0.19

0.24

0.35

0.37

18

0.26

0.46

0.05

0.22

0.24

0.32

0.33

19

0.30

0.44

0.10

0.24

0.23

0.29

0.28

20

0.33

0.41

0.15

0.26

0.23

0.26

0.24

21

0.36

0.38

0.20

0.28

0.22

0.23

0.20

22

0.38

0.35

0.24

0.30

0.21

0.20

0.16

23

0.40

0.31

0.28

0.32

0.19

0.17

0.12

24

0.42

0.27

0.32

0.33

0.18

0.14

0.08

Notes:

(1) to (8) refers to the correlation of the employment ration with (1) the trend component
of the Business Survey Index, (2) the trend component of the Consumer Sentiment Index,
(3) the trend component of the Economic Sentiment Index, (4) estimated permanent
productivity, (5) estimated transitory productivity, (6) the trend component of real GDP,
and (7) the trend component of net-exports.
Source: Quarterly National Accounts of OECD, Statistics Korea.

For the trend component of the unemployment ratio, we do not
find that there is a good leading macroeconomic and confidence
index and vice versa as shown in Table 6.15.
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Table 6.15. Correlation with the (Trend) Unemployment Ratio (Leads and Lags)
(1)

(2)

(3)

-24

0.19

0.25

0.33

-23

0.17

0.24

0.31

-22

0.16

0.23

0.28

-21

0.14

0.22

0.26

-20

0.12

0.20

0.24

-19

0.09

0.18

0.23

-18

0.07

0.16

0.21

-17

0.03

0.13

0.20

0

-0.92

-0.78

-0.85

17

-0.03

-0.34

-0.19

18

0.03

-0.28

-0.16

19

0.09

-0.22

-0.13

20

0.15

-0.16

-0.10

21

0.20

-0.10

-0.07

22

0.20

-0.04

-0.05

23

0.28

0.02

-0.02

24

0.32

0.07

-0.00

Notes:

(1) to (3) refers to the correlation of the trend component of the unemployment ratio
with (1) the trend component of the Business Survey Index, (2) the trend component of
the Economic Sentiment Index, (3) estimated trend productivity.
Source: Quarterly National Accounts of OECD, Statistics Korea.

3. Conclusion
In this chapter, we have examined the relationship between labor market indicators proxied by the employment and unemployment ratios and key macroeconomic indicators such as trend
and cyclical components of aggregate quantities, consumers and
business survey confidence indices as well as estimated technology shocks.
Our results suggest that some of these macro- and sentiment-indicators are good contemporaneous and short- to medium-run leading indicators for labor market conditions, to be potentially used for forecasting labor market dynamics. Similarly,
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these labor market variables are also useful leading indicator for
some of the marcoeconomic aggregate quantities and agents’ confidence, which implies that to forecast aggregate quantities, a present labor market situation can provide a useful additional information.
Thus, it could be of our interests to structurally analyze the relationship between agents’ confidence and economic fluctuations
and labor market dynamics to provide a tools to be used to analyze
the labor market in general.
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VII. Labor Market Adjustments thru the Lens of
Okun’s Law
1. Motivation
Properly understanding the relationship between the real side of
the economy and the labor market conditions proves to be invaluable for policy makers. From Chapter 6, we find that there is a
high contemporaneous correlation between the unemployment
ratio and estimated permanent productivity: One possible explanation for such observation is the relationship known as Okun’s
law. Okun’s law discusses the empirical observation which relates
unemployment to a country’s gross products and is widely considered to be a very useful tool for short-run trend analysis and receive a great deal of attention from policy economists. Since Okun
(1962) suggested the relationship between output changes and
unemployment rate, the seemingly consistent relationship described by Okun’s law has become a useful tool for forecasters as
well. For the United State, a rule of thumb is that a 2% drop in
inflation-adjusted GDP growth (to its trend) is related to an approximately 1% increase in the unemployment rate. This stable
relationship can be used to forecast the real side of the economy
given unemployment rate. There has been, however, a discussion
on the breakdown of such stable relationship between the unemployment rate and GDP growth during the Great Recession and
its post recovery in the United States.
Our motivation of this chapter is twofold. First, we will estimate coefficients for Okun’s relationship for a set of developed and
emerging economies in different time periods in order to examine
if there’s a universally applicable relationship between the unemployment rate and GDP growth across countries and over time.
Second, following Daly et al. (2014) we decompose GDP growth
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into total employment, hours per worker, and labor productivity
and examine the relationship between the unemployment rate and
the three components to (potentially) identify any steady relationship among them for South Korea in order to explain what
aspects of labor markets are related to the dynamics of unemployment.
2. Estimating Okun’s Relationship across Countries over Time
Okun’s law in its basic form measures the statistical correlation
between a country’s real gross domestic products (GDP) growth
and the unemployment rate. Specifically, in order to estimate this
correlation, we start with the relationship between real output and
unemployment:
Δyt = k − αΔut

where Δyt is the GDP growth rate, Δut is the (change in) unemployment rate, k is a constant representing the expected growth
rate of output when the unemployment rate doesn’t change over
time, and α is the Okun’s coefficient denoting how much the
growth rate of output increases in response to a one-percentage
point increase in the unemployment rate.
The interpretation of this statistical relationship is straightforward: it indicates, how much of a country’s (real) output will be
decrease when the unemployment rate decreases by a one percentage point. Intuitively, we are well aware of the fact that output
depends on the amount of labor used in the production process
(think of a production function
with a labor argument as an input), which implies that there is a
positive relationship between output and employment. Since the
level of employment is equal to the total labor force minus the
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unemployed, output and unemployment will be negatively correlated once controlled the labor force. From the growth accounting
perspective, a one-percent point increase in the unemployment
rate leads to approximately 2/3 percent decrease in output as the
labor income share approximately equals to 2/3 for the United
States. Thus, when the estimated is substantially smaller than -2/3,
we could infer that there are other labor market adjustments simultaneously taking place in the form of both extensive and intensive
margins, e.g. labor-force participation, immigration, multiple job
holders, variations in hours per worker or cyclical movements in
productivity.
Daly et al. (2014) examine labor market performance across
OECD countries through the lens of Okun’s Law such that they
estimate the coefficients on the relationship of the unemployment
rate with respect to total employment, hours per worker, and labor productivity. In this chapter, we replicate the similar exercise
using South Korean data to study the relationship between output,
various labor market ingredients, and unemployment.
To being with we first estimate the standard Okun’s coefficient
linking the unemployment rate to the GDP growth rate for a
sample of countries: specifically, we consider the set of European
countries in Switzerland, Germany, Denmark, Spain, Finland,
France, the UK, Greece, Ireland, Italy, Luxembourg, Netherlands,
Norway, Portugal, and Sweden, non-European developed economies such as Canada, Israel, Japan, South Korea, New Zealand, and
the USA, and emerging market economies like Chile, Czech Republic, Mexico, Russia, Turkey, South Africa, Estonia, Lithuania,
and Latvia. We use the rolling window of 40 quarters to examine
how the coefficients change over time. Figures 7.1 to 7.30 show the
unemployment rate, the GDP growth rate, and the estimated
Okun coefficient for 30 countries in our sample. Our results show
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that for most countries Okun’s coefficients are estimated to be
negative (as expected) except for the case of Switzerland, Italy,
New Zealand, and South Africa. Using the rolling window approach, we can examine whether the coefficients are trending upward, downward, or stable.
Figure 7.1 shows the estimation result for Switzerland. The
sample runs from 2000:Q1 to 2018:Q1. It shows that Okun’s coefficient is estimated to be positive along the line, and the positive
relationship between the output growth and the unemployment
rate was initially high using the 40 observations in our sample, but
the coefficients are estimated smaller afterwards at around 0.15.
Figure 7.2 shows the estimation result for Germany. The sample
runs from 1963:Q1 to 2018:Q1. It shows that Okun’s coefficient is
estimated to be negative, and the estimated negative Okun’s coefficient first gets smaller but after around 1995 (for first observation
of the sample) the negative relationship starts to increase.
Figure 7.1. Switzerland (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2000:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.2. Germany (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1963:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.3 shows the estimation result for Denmark. The sample
runs from 1991:Q1 to 2018:Q1. While the estimated Okun’s coefficient is rather unstable over time, it is estimated to be always
negative in our sample.
Figure 7.4 shows the estimation result for Spain. The sample
runs from 2000:Q1 to 2018:Q1. Our result shows that the Okun’s
coefficient is estimated to be negative and rather stable over time,
where the estimates range from -0.32 to -0.44.
Figure 7.5 shows the estimation result for Finland. The sample
runs from 1999:Q1 to 2018:Q1. Our result shows that the Okun’s
coefficient is estimated to be negative and large ranging from -1.4
to -2.0 most of the time in our sample.
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Figure 7.3. Denmark (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1991:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.4. Spain (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2000:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.5. Finland (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1999:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.6 shows the estimation result for France. The sample
runs from 2004:Q1 to 2018:Q1. Our result shows that the Okun’s
coefficient is estimated to be negative and rather stable over time,
where the estimates range from -0.68 to -0.74.
Figure 7.7 shows the estimation result for the United Kingdom.
The sample runs from 2000:Q2 to 2018:Q1. Our result shows that
the Okun’s coefficient is estimated to be negative and ranges from
-0.9 to -1.3.
Figure 7.8 shows the estimation result for Greece. The sample
runs from 1991:Q1 to 2018:Q1. Our result shows that the Okun’s
coefficient is estimated to be negative and varies quite a lot from
-0.1 to -1.1.
Figure 7.9 shows the estimation result for Ireland. The sample runs
from 1991:Q1 to 2018:Q1. Our result shows that the Okun’s coefficient is estimated to be negative and fluctuates quite a bit from
-0.6 to -1.4.
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Figure 7.6. France (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2004:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.7. United Kingdom (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2000:Q2 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.8. Greece (Okun’s Law)

Notes: Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample runs
from 1991:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.9. Ireland (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1991:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.10 shows the estimation result for Italy. The sample
runs from 2000:Q1 to 2018:Q1. Our result shows that the Okun’s
coefficient is estimated to be positive and mostly stable at around
0.10 to 0.15.
Figure 7.11 shows the estimation result for Italy. The sample
runs from 1999:Q2 to 2018:Q1. Our result shows that the Okun’s
coefficient is initially positive for our first observations but then is
estimated to be negative and mostly stable -0.2 to -0.4.
Figure 7.12 shows the estimation result for Netherlands. The
sample runs from 1999:Q1 to 2018:Q1. It shows that Okun’s coefficient is estimated to be negative, and the estimated negative coefficient decreases over time.
Figure 7.13 shows the estimation result for Norway. The sample
runs from 2001:Q1 to 2018:Q1. Our result shows that the Okun’s coefficient is estimated to be negative and fluctuate around -0.50 to -0.70.
Figure 7.10. Italy (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2000:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.11. Luxembourg (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1999:Q2 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.12. Netherlands (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1999:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.13. Norway (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2001:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.14 shows the estimation result for Portugal. The sample
runs from 1999:Q1 to 2018:Q1. Our result shows that the Okun’s
coefficient is estimated to be negative and fluctuates around -0.40
to -0.80.
Figure 7.15 shows the estimation result for Sweden. The sample
runs from 2002:Q1 to 2018:Q1. It shows that Okun’s coefficient is
estimated to be negative, and the estimated negative coefficient
becomes larger over time from -0.8 to -1.3.
Figure 7.16 shows the estimation result for Canada. The sample
runs from 1962:Q1 to 2018:Q1. Our result shows that the Okun’s
coefficient is estimated to be negative and given the long sample, it
fluctuates around -0.50 to -1.00.
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Figure 7.14. Portugal (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1999:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.15. Sweden (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2002:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

136

Technology Shocks, Fluctuations, and Labor Market

Figure 7.16. Canada (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1962:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.17 shows the estimation result for Chile. The sample runs
from 1996:Q1 to 2018:Q1. It shows that Okun’s coefficient is estimated to be negative, and the estimated negative coefficient initially
become smaller then get larger over time ranging from -0.4to -1.0.
Figure 7.18 shows the estimation result for Czech Republic. The
sample runs from 1999:Q1 to 2018:Q1. It shows that Okun’s coefficient is estimated to be negative and decreases over time from -0.3
to -1.0.
Figure 7.19 shows the estimation result for Israel. The sample
runs from 1996:Q1 to 2018:Q1. It shows that Okun’s coefficient is
estimated to be negative and ranges from -0.4 to -0.9.
Figure 7.20 shows the estimation result for Japan. The sample
runs from 1961:Q1 to 2018:Q2. It shows that Okun’s coefficient is
estimated to be negative and fluctuates over the long-run, ranging
from -0.05 to -0.5.

Part 2: Labor Market Dynamics

137

Figure 7.17. Chile (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1996:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.18. Czech Republic (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1999:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.19. Israel (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1996:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.20. Japan (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1961:Q1 to 2018:Q2.
Source: OECD and author’s own calculation.
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Figure 7.21 shows the estimation result for South Korea. The
sample runs from 1991:Q1 to 2018:Q2. It shows that Okun’s coefficient is estimated to be negative and large, ranging from -0.7 to
-1.4. It is interesting to note that for first twenty or so estimates,
the estimated Okun’s coefficient is remarkably stable at around
-1.0.
Figure 7.22 shows the estimation result for Mexico. The sample
runs from 1988:Q1 to 2018:Q1. It shows that Okun’s coefficient is
estimated to be negative and large and ranges from -0.7 to -2.0.
Figure 7.23 shows the estimation result for New Zealand. The
sample runs from 1999:Q1 to 2018:Q1. It shows that Okun’s coefficient is estimated first to be negative then it steadily decreases
over time and later is estimated to be negative.
Figure 7.21. South Korea (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1991:Q1 to 2018:Q2.
Source: OECD and author’s own calculation.
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Figure 7.22. Mexico (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1988:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.23. New Zealand (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1999:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.24 shows the estimation result for Russia. The sample
runs from 2000:Q1 to 2018:Q1. It shows that Okun’s coefficient is
estimated first to be negative and large. It steadily decreases over
time, first estimated to be -1.15 and then it is estimated to be -1.7.
Figure 7.25 shows the estimation result for Turkey. The sample
runs from 2007:Q1 to 2018:Q1. It shows that Okun’s coefficient is
estimated first to be negative at around -1.05.
Figure 7.26 shows the estimation result for the USA. The sample runs from 1961:Q1 to 2018:Q1. It shows that Okun’s coefficient is estimated to be negative, and the estimates increase over
time from -1.0 to -0.5.
Figure 7.27 shows the estimation result for South Africa. The
sample runs from 2001:Q1 to 2018:Q1. It shows that Okun’s coefficient is estimated to be positive ranging from 0.0 to 0.2.
Figure 7.24. Russia (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2000:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.25. Turkey (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2007:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.26. USA (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1961:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.27. South Africa (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2001:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.28 shows the estimation result for Estonia. The sample
runs from 2001:Q1 to 2018:Q1. It shows that Okun’s coefficient is
estimated to be negative, and the estimates increase over time from
-0.85 to -0.65.
Figure 7.29 shows the estimation result for Lithuania. The sample runs from 2006:Q1 to 2018:Q1. It shows that Okun’s coefficient is estimated to be negative, and the estimates increase over
time from -0.75 to -0.69.
Figure 7.30 shows the estimation result for Latvia. The sample
runs from 2003:Q1 to 2018:Q1. It shows that Okun’s coefficient is
estimated to be negative, and the estimates increase over time from
-0.88 to -0.72. Interestingly, for all three Baltic economies, the estimated Okun’s coefficient is treading upward over time in our
sample.
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Figure 7.28. Estonia (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2001:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Figure 7.29. Lithuania (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2006:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.
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Figure 7.30. Latvia (Okun’s Law)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 2003:Q1 to 2018:Q1.
Source: OECD and author’s own calculation.

Overall, our results suggest that there is a great deal of heterogeneity in terms of exhibiting a trend in estimated Okun’s coefficients across countries. For some countries like Chile, Germany,
Czech Republic, New Zealand, and Russia, we observe that the
relationship between the GDP growth rate and the unemployment
rate become stronger (the estimated Okun’s coefficients become
larger and negative). On the contrary, with countries like Finland,
Netherlands, Israel, Japan, South Korea, Latvia, and the US, the
estimated coefficients has become smaller, which implies that
which implies that the relationship between the GDP growth and
the unemployment rate has become weaker. For other countries,
we observe a more or less stable relationship between two variables.
Looking more closely on the estimated Okun’s relationship for
South Korea with a longer term relationship between the unem-
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Figure 7.31. South Korea (Okun’s Law, 60 Quarters)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1991:Q1 to 2018:Q2.
Source: OECD and author’s own calculation.

Figure 7.32. South Korea (Okun’s Law, 80 Quarters)

Notes:

Output, Unemployment, Okun’s Coefficient refers to a quarterly output growth, a
quarterly unemployment rate change, and the estimated Okun’s coefficient. The sample
runs from 1991:Q1 to 2018:Q2.
Source: OECD and author’s own calculation.
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ployment rate and growth rate, Figures 7.31 and 7.32 report the
Okun’s coefficients, estimated with the rolling window of 60
quarters and 80 quarters from 1991Q2 to 2018Q2. Our results
show that the estimated Okun’s coefficients are negative, and
looking at the longer-run relationship, we find that the Okun’s
relationship is stronger/weaker than the short-run relationship.
3. Output Growth Decomposition and Okun’s Law
In the previous section, we have found that changes in the unemployment rate have a negative relationship with changes in real
gross domestic product for most countries in our sample. This is
consistent with observations found in the previous literature suggesting a predictable relationship between labor market dynamics
and real economic activities, known as Okun’s law. (A relatively
low ratio estimated in the previous section can be attributed to the
fact that we use the quarterly change in unemployment and real
gross domestic product instead of the 4-quarter change in these
variables.)
In estimating this statistical relationship, there exists an alternative way to be implemented. In our exercise, we focus on the relationship between the growth rate of output and the unemployment rate:
Δyt = k − αΔut .

Instead, we could also try to find the relationship between output and unemployment in levels, estimating the relationship between the output gap and unemployment gap. Similarly, we could
apply a simple decomposition method to look more deeply into
analyzing the labor market dynamics.
Specifically, in this section, we aim to look closely on the chan-
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nels thru which labor market adjustment takes place by decomposing output growth Δyt into three subcomponents:
Δyt ≡ Δnt + (Δht − Δnt ) + (Δyt − Δht )

where nt is the 4-quarter (log) change in total employment,
(Δht − Δnt ) is the 4-quarter (log) change in hours per worker, and
(Δyt − Δht ) is the 4-quarter (log) change in labor productivity. In
essence, this supply-side decomposition allows one to examine the
relationship between output growth and the change in unemployment rate from the labor market adjustment. This decomposition is obtained from the following identity for output:
𝐻𝑡
𝑌𝑡
Yt ≡ 𝑁𝑡 × ( ) × ( )
𝑁𝑡
𝐻𝑡

where Y is output in levels, H is hours worked, and N is employment. Then, by taking the log-difference of this identity, we
can decompose the output growth as above.
This is a useful exercise since instead of just looking at the aggregate quantities to investigate labor market adjustments, i.e.
linking output simply to unemployment, we examine the role of
efficiency and intensive and extensive margins of labor supply to
unemployment dynamics.
Now, instead of running a regression on the following aggregate
relationship (Okun’s Law):
Δyt ≡ α + βΔut + ϵt ,

we study the relationship between these three labor market components and the unemployment rate separately:
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Δnt ≡ αn + βn Δut + ϵnt ,
(Δht − Δnt ) ≡ αh + βh Δut + ϵht ,
p

(Δyt − Δht ) ≡ αp + βp Δut + ϵt ,

where β = βn + βh + βp by construction.
Thus, βn measures how the 1% change in the unemployment
rate is associated with the extensive margin in labor supply, here
proxied by the growth rate of total employment, βh measures
how the 1% change in the unemployment rate is associated with
the intensive margin in labor supply, the changes in hours worked
per worker, and βp measures the efficiency of labor unit, denoting
labor productivity.
From Daly et al. (2014), we observe that (1) before the Great
Moderation, the Okun correlation in the typical country was large
and the estimated differed greatly across countries, (2) during the
Great Moderation, we have much smaller estimated β and differences across countries narrowed substantially, (3) after the crises in
the late 2000s, the Okun correlation increased and difference across
countries began to increase again.
We follow the similar estimation strategy using South Korean
data and estimate three separate Okun’s coefficients for labor
market adjustments (the intensive and extensive margins of labor
supply, and labor productivity: βn , βh , βp represent how much the
growth rates of the extensive margin of labor supply, the intensive
margin of labor supply, and labor productivity will change following a one-percentage point increases in the unemployment rate.
Figure 7.33 plots the 4-quarter change in (log) real gross domestic product (Δyt4 ) the 4-quarter change in unemployment rate (Δut4 ),
the 4-quarter change in hours worked (Δht4 ), the 4-qurater change
in labor productivity (Δyt4 − Δht4 ), the 4 quarter change in (log) total employment (Δnt4 ), and the 4-quarter (log) change in hours per
worker (Δht4 − Δnt4 ).
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Figure 7.33. South Korea: Real GDP and Labor Market Dynamics

Notes:

Output, Total Employment, and Hours worked refer to the 4-qurater (log) change in real
gross domestic product, total employment, and hours worked. Unemployment denotes
the 4 quarter change in unemployment rate. Hours worked per worker denotes hours
worked minus total employment, and labor productivity is computed by taking the difference of output and total employment. The sample runs from 1996:Q1 to 2018:Q3.
Source: OECD and author’s own calculation.

Table 7.1 reports the estimation results for our benchmark
Okun relationship where we regress unemployment on output.
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Specifically, we regress the 4-quarter change in the unemployment
rate on the 4-quarter log change in output, and it show that the
Okun coefficient β is estimated to be -2.14 and is statistically significant. Compare to our results in Figure 7.21, the estimated coefficient is slightly larger in size, which could be due to the fact that
we use the change in the unemployment rate instead of the unemployment rate itself. This implies that a 1% increase in the change
in the unemployment rate is associated with a 2.14% decrease in
the growth of real GDP.
Tables 7.2 to 7.4 report the estimation results for three separate
labor market conditions. Table 7.2 reports the estimation results of
regressing the 4-quarter change in the unemployment rate on the
4-quarter log change in total employment. Our results show that
the Okun coefficient βn is estimated to be -1.26 and is statistically
significant. It suggests that a 1% increase in the change in the unemployment rate is associated with a 1.26% decrease in the change
in total employment. This implies that in terms of the extensive
margin, the Okun’s negative relationship still holds.
Table 7.1. Estimated Okun Coefficient
Δy

Coeff.

Δu

-2.14

Const.

0.03

s.e.

t

95% CI

0.90

-2.39

[-3.94, -0.33]

0.003

12.86

[0.03,0.04]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD.

Table 7.2. Estimated Okun Coefficient: Total Employment

Notes:

Δn

Coeff.

Δu

-1.26

0.36

-3.47

[-1.99, -0.53]

Const.

0.01

0.001

12.28

[0.011,0.015]

s.e.

t

95% CI

Δn and Δu refer to the 4-quarter log change in total employment and the 4-qurater
change in the unemployment rate.
Source: OECD.
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Table 7.3 reports the estimation results of regressing the
4-quarter change in the unemployment rate on the 4-quarter log
change in the intensive margin of employment, the hours worked
per worker. Our results show that the Okun coefficient βh is estimated to be positive and statistically significant at 5.85. It suggests
that a 1% increase in the change in the unemployment rate is associated with a 5.85% increase in the change in hours worked per
worker. This implies that in terms of the intensive margin of the
employment, the Okun’s negative relationship is violated, and we
find a very large positive relationship.
Table 7.4 reports the estimation results of regressing the
4-quarter change in the unemployment rate on the 4-quarter log
change in labor productivity, which is measured by the difference
between the log change in real GDP and that in hours worked per
worker. Our results show that the Okun coefficient βy is estimated to be negative and statistically significant at -6.72. It suggests
Table 7.3. Estimated Okun Coefficient: Hours Worked Per Worker
Δh − Δn

Coeff.

s.e.

t

95% CI

Δu

5.85

1.00

5.85

[3.83, 7.86]

Const.

-0.03

0.003

-9.37

[-0.03,-0.02]

Notes:

Δh − Δn and Δu refer to the 4-quarter log change in the intensive margin of employment, measured as the hours worked per worker and the 4-qurater change in the unemployment rate, respectively.
Source: OECD.

Table 7.4. Estimated Okun Coefficient: Labor Productivity
Δy − Δh

Coeff.

Δu

-6.72

Const.

0.05

Notes:

s.e.

t

95% CI

1.29

-5.22

[-9.32, -4.13]

0.003

12.75

[0.04,0.05]

Δy − Δh and Δu refer to the 4-quarter log change in labor productivity, measured as the
difference of the 4-quarter change in real gross domestic product and the 4-quarter change
in hours worked and the 4-qurater change in the unemployment rate, respectively.
Source: OECD.
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that a 1% increase in the change in the unemployment rate is associated with a 6.72% decrease in the change in labor productivity.
Thus, we find a very strong negative relationship between unemployment and productivity.
We know that by construction β = βn + βh + βp and our estimation results show that the sum of three Okun coefficients is
roughly equal to Okun’s coefficient denoting the aggregate relationship between unemployment and the real GDP:
βn + βh + βp = −1.26 + 5.85 − 6.72 = −2.13

and β = 2.14.
Now, we compare our results with evidence for other countries,
which available from Daly et al. (2013). Figures 7.34 to 7.37 reproduce the results from Daly et al. (2013) representing estimated
Okun’s coefficients for 15 countries including Australia, Austria,
Belgium, Canada, Denmark, Finland, Germany, Italy, Netherlands,
New Zealand, Norway, Sweden, the UK, and the US for four different cases. In Figure 7.34, it shows the estimate Okun coefficient
by regressing the 4-quarter log change in the real GDP on the
4-quarter percentage point change in the unemployment rate. In
Figure 7.35, it shows the estimate Okun coefficient by regressing
the 4-quarter log change in total employment on the 4-quarter
percentage point change in the unemployment rate. In Figure 7.36,
it shows the estimate Okun coefficient by regressing the 4-quarter
log change in hours worked per worker on the 4-quarter percentage point change in the unemployment rate. In Figure 7.37, it
shows the estimate Okun coefficient by regressing the 4-quarter
log change in labor productivity measured in terms of the real
GDP per worker on the 4-quarter percentage point change in the
unemployment rate.
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Figure 7.34. Okun’s Coefficient on Output (from Daly et al. 2013)

Notes:

The bars and dots respectively show the coefficient from regressing the 4-quarter log
change in the real GDP on the 4-quarter percentage point change in the unemployment
rate. The red bars and the blue dots represent the coefficient for the 1996:Q1-2006:Q4 period and for the 2007:Q1-2013:Q1 period, respectively. A constant term is included in the
regression.
Source: Figure 2 (p. 14) of Daly et al. (2013)

Figure 7.35. Okun’s Coefficient on Extensive Employment Margin (from Daly
et al. 2013)

Notes:

The bars and dots respectively show the coefficient from regressing the 4-quarter log
change in total employment on the 4-quarter percentage point change in the unemployment rate. The red bars and the blue dots represent the coefficient for the
1996:Q1-2006:Q4 period and for the 2007:Q1-2013:Q1 period, respectively. A constant
term is included in the regression.
Source: Figure 3 (p. 14) of Daly et al. (2013)

Part 2: Labor Market Dynamics

155

Figure 7.36. Okun’s Coefficient on Intensive Employment Margin (from Daly
et al. 2013)

Notes: The bars and dots respectively show the coefficient from regressing the 4-quarter log
change in hours worked per worker on the 4-quarter percentage point change in the
unemployment rate. The red bars and the blue dots represent the coefficient for the
1996:Q1-2006:Q4 period and for the 2007:Q1-2013:Q1 period, respectively. A constant
term is included in the regression.
Source: Figure 4 (p. 15) of Daly et al. (2013)

Figure 7.37. Okun’s Coefficient on Labor Productivity (from Daly et al. 2013)

Notes:

The bars and dots respectively show the coefficient from regressing the 4-quarter log
change in real GDP per worker on the 4-quarter percentage point change in the unemployment rate. The red bars and the blue dots represent the coefficient for the
1996:Q1-2006:Q4 period and for the 2007:Q1-2013:Q1 period, respectively. A constant
term is included in the regression.
Source: Figure 5 (p. 15) of Daly et al. (2013)
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First, for Okun’s relationship linking the aggregate output produced and the unemployment rate, for both periods
(1996:Q1-2006:Q4 and 2007:Q1-2013:Q1) the Okun coefficient is
estimated to be negative for all fifteen countries in our sample,
ranging from -0.5 to -4.0. We observe that the estimated coefficient
is large and negative for the second period, 2007:Q1-2013:1 than
the one estimated in the first period in the sample. Our estimated
coefficient for South Korea, -2.14, does not seem like a much of a
deviation from what we observe here.
Similarly, for Okun’s relationship linking the extensive margin
of employment, measured by total employment, and the unemployment rate., the estimated Okun coefficient is negative for all
countries in both samples, but the estimate is smaller in size in
comparison to the one linking the aggregate output to unemployment, ranging from -0.5 to -2.0. Again, the evidence depicted here
is in line with our estimate for South Korea, -1.26.
However, one critical deviation of our estimate for South Korea
from the results available from Daly et al. (2013) is the estimated
Okun coefficient that relates the intensive margin of employment,
measured by hours worked per worker, to the unemployment rate.
Specifically, the estimation results from Daly et al. (2013) in Figure
7.36 suggest that for some countries as Austria, France, Germany,
Italy, and Sweden, the Okun coefficient is estimated to be positive
for the first period, these estimated coefficients are not large (<1.0)
and for the second period, they are all estimated to be negative. On
the contrary, for our estimate for South Korea shows that the coefficient is very large and positive, 5.85. This implies that a one
percentage point increase in the unemployment rate is associated
with a 5.85 percent increase in hours worked per worker. This is a
very large number. Then, one may naturally ask where how the
negative relationship between the aggregate output and the unemployment rate does not deviate from the results for other coun-

Part 2: Labor Market Dynamics

157

tries.
In Figure 7.37, we observe that the estimated Okun’s coefficient
is all over the place: The estimated coefficient tends more to be
negative, but there is a great deal of heterogeneity depending on
the sample period and country. In comparison, our estimate for
South Korea is very large and negative at -6.72, which implies that
a one percentage point increase in the unemployment rate is associated with a 6.72 percent decrease in labor productivity, measured
by the real GDP per hours worked.
In summary, the interesting characteristics describing statistical
relationship between the unemployment and the labor market
conditions is that there is a very strong negative relationship between the unemployment rate and labor productivity and that, on
the other hand, there is a very strong positive relationship between
the unemployment rate and hours worked per worker. Thus,
those employed working more hours when unemployment rate
goes up, and their productivity decline simultaneously. It could be
that when unemployment goes up, those remain employed may
tend to work hours to compensate the increase unemployment.
Then, why labor productivity drops so much can be understood
by decreasing marginal productivity to work hours.
What could be the structural interpretation of South Korean
labor markets consistent with evidence we obtained here? Well,
assume that the labor market is already reached its maximum efficiency level such that when economic downturn hits the economy,
the following happens: employment (the extensive margin of labor
supply) goes down and in order to compensate a reduced labor
supply, hours worked increases (the intensive margin of labor supply). Additional hours worked by existing workers make them
extremely vulnerable to exhaustion since they are already working
at the full capacity, thus, labor productivity goes down greatly. On
the other hand, when the economy becomes stronger and peaking,
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then firms attempt to hire new people and at the same there will
be a reduction in hours worked. And given that (or more precisely
assuming that) there is a very convex relationship between labor
productivity and the intensive margin of labor supply, it could be
possible that labor productivity increases greatly in the economic
boom.
4. Conclusion
In this chapter, we have examined the relationship between the
labor market conditions and real economic activities using the
widely discussed Okun’s law. We have specifically estimated the
coefficient depicting the reduced form relationship between the
real GDP growth and the change in the unemployment rate using
a sample from fifteen European countries and some other
non-European economies. Our estimation results suggest a negative relationship between output and unemployment in general,
but there is a substantial degree of heterogeneity not only in the
degree of negative correlation between the two variables but there
are some cases in which the estimated Okun coefficient turns out
to be positive.
For South Korea specifically, the estimated relationship between
the two is always negative using the sample from 1991:Q1 to
2018:Q2 with a 40-quarter rolling windows. The estimated coefficient is stable fror the first seven to eight years, then starts to fluctuate a bit, becoming very large and negative at -1.4. Then, for
more recent data, it becomes slightly smaller at 0.7. For the robustness check, we also use a 60-quarter and a 80-quarter rolling
window to estimate the Okun’s coefficient. We find that the
changing the length of the rolling window does not alter the estimation results much such that the correlation between these three
estimates are very high.
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In the second part of this chapter, we attempt to decompose
output into three labor market components and separately estimate the relationship against the unemployment dynamics. Our
estimates suggest that South Korea is unique in the sense that the
unemployment rate is associated with an increasing intensive margin of labor supply and with a very strong drop in labor productivity.
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VIII. Potential Output and Estimating Okun’s Law
1. Introduction
In Chapter 8, we have studied the statistical relationship between the unemployment rate and output, estimating the so-called
Okun’s law, following the intuition that (potential) output should
be related to the unemployment rate. We have then studied the
relationship between the unemployment rate and labor market
condition, which is derived by decomposing the output growth
into the change in employment, hours worked, and labor productivity.
In this chapter, we attempt to validate the use of Okun’s law to
by estimating the statistical relationship between the unemployment rate and real GDP where we apply two different ad-hoc
method to detrend real gross domestic product. The ad-hoc
detrending methods can be characterized as follows.
First, at any given time t, we look ahead the time t + 1, t+2, t+3, …,
t+j, and compute the slope linking the real GDP for two period.
Then, for j different slopes, we choose the time period associated
with the highest slope. We then draw a slope between t and t + j∗,
where j∗ is the chosen time period, and this line will be our new
trend real GDP. We then start from this new time period, t + j∗,
and look ahead the time t + j∗ + 1, t + j∗+2, t + j∗ +3, …, t + j∗+j, and
compute the slope linking the real GDP for two period. Then,
again for j different slopes, we choose the time period associated
with the highest slope. We draw a slope between t + j∗ and
t + j∗ + j∗∗ , where j∗∗ is the newly chosen time period, and this line
will be our new trend real GDP. We repeat this exercise until we
reach the final observation in our sample. Intuitively, this simple
way to computing trend output is related to obtaining potential
output in the economy.
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On the other hand, our second method to compute trend output has no economic meaning whatsoever. Specifically, at any
given time t, we look ahead the time t + 1, t+2, t+3, …, t+j, and
compute the slope linking the real GDP for two period. Then, for
j different slopes, we choose the time period associated with the
lowest slope. We then draw a slope between t and t + j∗ , where j∗
is the chosen time period, and this line will be our new trend real
GDP. We then start from this new time period, t + j∗, and look
ahead the time t + j∗ + 1, t + j∗ +2, t + j∗+3, …, t + j∗ +j, and compute
the slope linking the real GDP for two period. Then, again for j
different slopes, we choose the time period associated with the
lowest slope. We draw a slope between t + j∗ and t + j∗ + j∗∗ , where
j∗∗ is the newly chosen time period, and this line will be our new
trend real GDP. We repeat this exercise until we reach the final
observation in our sample. Here, linking essentially the troughs
does really have any economic meaning, therefore, we expect that
Okun’s law will not really work out in this case.
2. Results
Figures 8.1 and 8.2 denote the real gross domestic product for
South Korea and newly created detrended variables: Y5, Y10, and
Y15 refer to detrended real gross domestic product by applying the
aforementioned methodology by finding the maximum slope. Y5,
Y10, and Y15 denote respectively the case where j=5, 10, and 15.
Similarly, Figure 8.3 and 8.4 denote the real gross domestic
product for South Korea and newly created detrended variables:
YM5, YM10, and YM15 refer to detrended real gross domestic
product by applying the aforementioned methodology by finding
the minimum slope. YM5, YM10, and YM15 denote respectively
the case where j=5, 10, and 15. The sample runs from 1960:Q1 to
2018:Q1.
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Figure 8.1. Detrended Real GDP (Peaks): South Korea

Notes:

Y refers to real gross domestic product for South Korea. The sample runs from 1960:Q1
to 2018:Q1. Y5, Y10, and Y15 refer to detrended real gross domestic product by applying
the aforementioned methodology by finding the maximum slope. Y5, Y10, and Y15 denote respectively the case where j=5, 10, and 15.
Source: OECD and author’s own calculation.

Figure 8.2. Detrended Real GDP (Peaks): South Korea

Notes:

Y refers to real gross domestic product for South Korea. The sample runs from 1960:Q1
to 2018:Q1. Y5, Y10, and Y15 refer to detrended real gross domestic product by applying
the aforementioned methodology by finding the maximum slope. Y5, Y10, and Y15 denote respectively the case where j=5, 10, and 15.
Source: OECD and author’s own calculation.
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Figure 8.3. Detrended Real GDP (Troughs): South Korea

Notes:

Y refers to real gross domestic product for South Korea. The sample runs from 1960:Q1
to 2018:Q1. YM5, YM10, and YM15 refer to detrended real gross domestic product by
applying the aforementioned methodology by finding the minimum slope. YM5, YM10,
and YM15 denote respectively the case where j=5, 10, and 15.
Source: OECD and author’s own calculation.

Figure 8.4. Detrended Real GDP (Troughs): South Korea

Notes:

Y refers to real gross domestic product for South Korea. The sample runs from 1960:Q1
to 2018:Q1. YM5, YM10, and YM15 refer to detrended real gross domestic product by
applying the aforementioned methodology by finding the maximum slope. YM5, YM10,
and YM15 denote respectively the case where j=5, 10, and 15.
Source: OECD and author’s own calculation.
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As we have seen in the last chapter, Okun’s law measures the
statistical correlation between a country’s real gross domestic
products (GDP) growth and the unemployment rate. Here, we
estimate Okun’s coefficient α by running the following regression:
Δyt = k − αΔut

where Δyt is the 4-quarter log change in “detrended” real gross
domestic product GDP growth rate and Δut is the 4-quarter
change in the unemployment rate. k is a constant representing the
expected growth rate of output when the unemployment rate
doesn’t change over time, and α is the Okun’s coefficient denoting how much the (detrended) growth rate of output increases in
response to a one-percentage point increase in the unemployment
rate.
Table 8.1 reports the estimation results for our benchmark
Okun relationship where we regress output on unemployment.
Specifically, we regress the 4-quarter log change in output on the
4-quarter change in the unemployment rate, and it show that the
Okun coefficient β is estimated to be -2.08 and is statistically significant. This implies that a 1% increase in the change in the unemployment rate is associated with a 2.08% decrease in the growth
of real GDP.
From Tables 8.2 to 8.4 report the estimation results by regressing the 4-quarter log change in detrended output on the 4 quarter
change in the unemployment rate where detrending is by linking
the peaks. Similarly, Tables 8.5 to 8.7 report the estimation results
by regressing the 4-quarter log change in detrended output on the 4
quarter change in the unemployment rate where detrending is by
linking the troughs.
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Table 8.1. Estimated Okun Coefficient
Δy

Coeff.

s.e.

t

95% CI

Δu

-2.08

0.93

-2.23

[-3.96, -0.20]

Const.

0.03

0.003

12.41

[0.03,0.04]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD.

Table 8.2. Estimated Okun Coefficient (linking peaks, j=5), South Korea
Δy
Δu
Const.

Coeff.
-0.50
0.03

s.e.
0.28
0.001

t
-1.78
39.96

95% CI
[-1.06, 0.07]
[0.029,0.33]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.

Table 8.3. Estimated Okun Coefficient (linking peaks, j=10), South Korea
Δy
Δu
Const.

Coeff.
-0.46
0.03

s.e.
0.31
0.001

t
-1.46
35.73

95% CI
[-1.08, 0.17]
[0.029,0.033]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.

Table 8.4. Estimated Okun Coefficient (linking peaks, j=15), South Korea
Δy
Δu
Const.

Coeff.
-0.23
0.03

s.e.
0.20
0.001

t
-1.13
52.73

95% CI
[-0.64, 0.18]
[0.029,0.032]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.

Table 8.5. Estimated Okun Coefficient (linking troughs, j=5), South Korea
Δy
Δu
Const.

Notes:

Coeff.
-0.44
0.03

s.e.
0.23
0.001

t
-1.85
51.06

95% CI
[-0.92, 0.04]
[0.033,0.035]

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.
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Table 8.6. Estimated Okun Coefficient (linking troughs, j=10), South Korea
Δy
Δu
Const.

Coeff.
0.14
0.03

s.e.
0.13
0.001

t
-1.06
91.72

95% CI
[-0.41, 0.13]
[0.034,0.035]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.

Table 8.7. Estimated Okun Coefficient (linking troughs, j=15)
Δy

Coeff.

Δu

-0.21

0.21

-1.01

[-0.64, 0.21]

Const.

0.04

0.001

60.93

[0.035,0.038]

s.e.

t

95% CI

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.

Our results are mixed: As expected, the statistical relationship
between the unemployment rate and detrended real gross domestic
product linking troughs is estimated to be statistically not significant as shown in Tables 8.5 to 8.7. However, the statistical relationship between the unemployment rate and potential output
growth (obtained by linking the peaks of real gross domestic
product) is also in general estimated to be statistically insignificant.
If you proposed conjecture should hold, Okun’s coefficient for
these model specifications should have been estimated to be significant. But that is not that case here.
We now proceed to examine if rather unexpected outcomes are
due to underlying structural or institutional aspects of South Korean economy: We consider US data from 2007:Q1 to 2018:Q2
and estimate the related Okun’s coefficient.
Figures 8.5 and 8.6 denote the real gross domestic product for
the US and newly created detrended variables: Y5, Y10, and Y15
refer to detrended real gross domestic product by applying the
aforementioned methodology by finding the maximum slope. Y5,
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Figure 8.5. Detrended Real GDP (Peaks): The USA

Notes:

Y refers to real gross domestic product for the United States. The sample runs from
1947:Q1 to 2018:Q2. Y5, Y10, and Y15 refer to detrended real gross domestic product by
applying the aforementioned methodology by finding the maximum slope. Y5, Y10, and
Y15 denote respectively the case where j=5, 10, and 15.
Source: OECD, FRED and author’s own calculation.

Figure 8.6. Detrended Real GDP (Peaks): The USA

Notes:

Y refers to real gross domestic product for the US. The sample runs from 1947:Q1 to
2018:Q2. Y5, Y10, and Y15 refer to detrended real gross domestic product by applying
the aforementioned methodology by finding the maximum slope. Y5, Y10, and Y15 denote respectively the case where j=5, 10, and 15.
Source: OECD, FRED and author’s own calculation.
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Y10, and Y15 denote respectively the case where j=5, 10, and 15.
Similarly, Figures 8.7 and 8.8 denote the real gross domestic product for the US and newly created detrended variables: YM5, YM10,
and YM15 refer to detrended real gross domestic product by applying the aforementioned methodology by finding the minimum
slope. YM5, YM10, and YM15 denote respectively the case where
j=5, 10, and 15. The sample runs from 1947:Q1 to 2018:Q2.
Table 8.8 reports the estimation results for our benchmark
Okun relationship where we regress output on unemployment.
Specifically, we regress the 4-quarter log change in output on the
4-quarter change in the unemployment rate, and it show that the
Okun coefficient β is estimated to be -2.08 and is statistically significant. This implies that a 1% increase in the change in the unemployment rate is associated with a 2.08% decrease in the growth
of real GDP.
Figure 8.7. Detrended Real GDP (Troughs): The USA

Notes:

Y refers to real gross domestic product for the US. The sample runs from 1947:Q1 to
2018:Q2. YM5, YM10, and YM15 refer to detrended real gross domestic product by applying the aforementioned methodology by finding the minimum slope. YM5, YM10,
and YM15 denote respectively the case where j=5, 10, and 15.

Source: OECD, FRED and author’s own calculation.
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Figure 8.8. Detrended Real GDP (Troughs): The USA

Notes:

Y refers to real gross domestic product for South Korea. The sample runs from 1947:Q1
to 2018:Q2. YM5, YM10, and YM15 refer to detrended real gross domestic product by
applying the aforementioned methodology by finding the maximum slope. YM5, YM10,
and YM15 denote respectively the case where j=5, 10, and 15.
Source: OECD, FRED and author’s own calculation.

Table 8.8. Estimated Okun Coefficient
Δy

Coeff.

Δu
Const.

s.e.

t

95% CI

-1.09

0.96

-11.35

[-1.29, -0.90]

0.01

0.001

11.70

[0.012,0.017]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD.

From Tables 8.9 to 8.11 report the estimation results by regressing the 4-quarter log change in detrended output on the 4
quarter change in the unemployment rate where detrending is by
linking the peaks. Similarly, Tables 8.12 to 8.14 report the estimation results by regressing the 4-quarter log change in detrended
output on the 4 quarter change in the unemployment rate where
detrending is by linking the troughs.
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Table 8.9. Estimated Okun Coefficient (linking peaks, j=5)
Δy

Coeff.

s.e.

t

95% CI

Δu

-0.31

0.07

-4.37

[-0.45, -0.17]

Const.

0.02

0.001

16.70

[0.01,0.02]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.

Table 8.10. Estimated Okun Coefficient (linking peaks, j=10)
Δy
Δu
Const.

Coeff.
0.03
0.02

s.e.
0.02
0.001

t
1.36
60.18

95% CI
[-0.01, 0.06]
[0.015,0.016]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.

Table 8.11. Estimated Okun Coefficient (linking peaks, j=15)
Δy
Δu
Const.

Coeff.
0.04
0.02

s.e.
0.01
0.001

t
3.05
103.45

95% CI
[0.01, 0.06]
[0.015,0.016]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.

Table 8.12. Estimated Okun Coefficient (linking troughs, j=5)
Δy
Δu
Const.

Coeff.
-0.93
0.02

s.e.
0.78
0.001

t
-11.96
16.33

95% CI
[-1.09, -0.78]
[0.015,0.019]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.

Table 8.13. Estimated Okun Coefficient (linking troughs, j=10)

Notes:

Δy

Coeff.

s.e.

t

95% CI

Δu

-0.15

0.03

-5.00

[-0.21, -0.09]

Const.

0.02

0.001

51.60

[0.020,0.021]

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.
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Table 8.14. Estimated Okun Coefficient (linking troughs, j=15)
Δy
Δu
Const.

Coeff.
-0.01
0.02

s.e.
0.02
0.001

t
-0.40
72.71

95% CI
[-0.06, 0.04]
[0.022,0.023]

Notes:

Δy and Δu refer to the 4-quarter log change in real gross domestic product and the
4-qurater change in the unemployment rate.
Source: OECD and author’s own calculation.

Implications from the estimation results for the US are similar
to the ones we draw from the estimation results for South Korea.
As expected, the statistical relationship between the unemployment rate and detrended real gross domestic product linking
troughs is estimated to be statistically not significant as shown in
Tables 8.9 to 8.11. However, the statistical relationship between
the unemployment rate and potential output growth (obtained by
linking the peaks of real gross domestic product) is also in general
estimated to be statistically insignificant except for the
short-horizon detrending when j=5.
3. Conclusion
In this chapter, we have tried to validate the use of Okun’s and
examine whether the underlying intuition linking the potential
output to unemployment rate can be tested using a very simple
detrening method in aggregate quantities. Our use is as follows:
We link the peaks of real gross domestic series and generate a new
series. In addition, we connect the troughs of this output series to
make a new series. We assume that the first real GDP series obtained by linking the peaks can be thought of as a linking potential
outputs of the economy. On the other hand, we presumably assume that the series obtained by linking the troughs cannot have
any economic meaning whatsoever. Then, by estimating the relationship between the unemployment rate and these real GDP se-
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ries, for the first series, we should have obtained a statistically significant relationship whereas for the second series, we should have
not obtained any meaningful relationship.
Unfortunately, our results suggest that this isn’t the case. Specifically, for both series, we obtain some meaningful statistical relationship and cannot differentiate two detrending methods in
terms of the estimated outcome of Okun’s law. There are two
ways to interpret our estimation results. First, obviously, detrening methods we apply here are ad-hoc, maybe our interpretation
that linking the peaks of output does resemble the behavior of potential output could be far-fetched. Second, there could be an issue
that with the estimation strategy we follow here. We detrended the
series and computed the growth rate of it by taking the
log-difference of the series. We then run a regression of the unemployment rate on this newly obtained growth rate of real GDP.
Now, it could be that by taking the growth rate of this series, we
may lose much information generated by detrending the original
series.
In order to remedy this potential estimation issue, we conduct
the following exercise. Instead of estimating Okun’s relationship
between the output growth and the change in unemployment rate,
we attempt to estimate the relationship between the output gap
and unemployment gap. We define output gap as the difference
between the trend output we have obtained using the ad-hoc
detrending methods and the real GDP of the economy. For the
unemployment gap, we take the difference between the natural
rate of unemployment and the unemployment rate itself. We use
the US data from 1960:Q1 to 2018:Q2 and estimate the Okun’s
coefficient. Our results do not change much with estimating in
levels. Specifically, the estimated Okun’s coefficient for the trends
obtained with the above ad-hoc methods are negative and statistically significant in both cases.

Part 2: Labor Market Dynamics

173

IX. Policy Implications
This paper studies (1) the effect of technological and
non-fundamental belief shocks on aggregate fluctuations and (2)
the relationship between aggregate quantities and labor market
dynamics. While the purpose of this paper is less concerned with
policy applications, there are a few potential model derived policy
implications.
Let us first comment on the importance of understanding the
nature of non-fundamental belief shocks to induce aggregate fluctuations. As estimated in Chapter 2 using a simple permanent income consumption model, we show that non-technology noise
shocks affect consumption fluctuations greatly, especially in a
short-run. Moreover, decomposing consumption declines in recessions into the one induced from actual productivity or income declines and the one result from agents’ possessing pessimistic perception about the state of the economy. Our estimation results in
Chapter 4 show that looking at the consumption dynamics, most
of South Korean recession cannot just be explained by drops in
productivity or income itself; meaning that agents becoming pessimistic about the future of the economy and subsequently reducing their consumption spending is another very important ingredient to generate a large scale recession, which is consistent with
evidence from L’Huillier and Yoo (2017) for the U.S.
This introduces an interesting policy remedy to tackle economic
downturns. Assume that a recession hits the economy and this recession is induced or exacerbated by agents’ pessimism about the
economy. In such a case, a recession is not associated with actual
productivity declines, what the government can do is to increase
public spending to boost the overall demand of the economy to
escape from the economic downturn until agents’ confidence is
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restored and private demand thru private consumption expenditure and business investment goes up again.
On the other hand, the story will be different in case a recession
is actually induced by productivity declines. In that case, simply
increasing government spending to increase overall demand will
not be a first-best solution since it is related to a more fundamental
structural issues with productivity-induced recessions.
Second, we have extensively scrutinized the relationship between labor market conditions and various macroeconomic and
sentiment indices as well as model-derived productivity components. Our results suggest that there are some leading macroeconomic and sentiment indices associated with the unemployment
ratio and the employment ratio. This implies that there are useful
informations easily collectible from available sources to predict the
short-run and even medium-run dynamics of labor market conditions, proxied by the unemployment ratio and the employment
ratio. Similarly, our estimation results show that the
(un-)employment ratio is a leading indicator for some aggregate
quantities. Therefore, it can be used to forecast the overall state of
the economy in the short to medium run.
While these empirical relationships between labor markets and
macroeconomic dynamics are very interesting and maybe helpful
for policy makers, in order to examine and determine policy implications, it is necessary to structurally analyze the link between
the labor markets and macroeconomy in general; for example,
constructing a dynamics model incorporating labor supply and
demand will be a possible direction to take.
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