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1. INTRODUCTION

Rare episodes, such as the global financial crisis, have often challenged the
conventional framework of economic models and simultaneously provided an
opportunity for modifications. Along with the series of economic booms and
busts, several macroeconomic models, such as dynamic stochastic general equi-
librium (DSGE) models have been developed by synthesizing various types of
friction and structural shocks. One of the many recent notable propositions of
DSGE models is, for example, a financial friction model that incorporates the
balance sheet effects of a financial constraint. Financial friction models have
been receiving wide attention ever since the global financial crisis of 2007–2008
severely damaged the real activities of the global economy and required an un-
precedented magnitude of macroeconomic policy interventions.

More recently, the coronavirus disease 2019 (COVID-19) pandemic has em-
erged as a new episode, challenging the existing frameworks of economic anal-
ysis. One of the many questions in macroeconomics regarding this pandemic
is whether this event should be interpreted as an aggregate supply or demand
shock. Identifying the type of shock is an important agenda because only then
can a relevant policy response be proposed to mitigate the economic predicament
due to the quarantine measures implemented by many countries.

The Korean economy was no exception to the two episodes of the global fi-
nancial crisis and COVID-19 pandemic. Consequently, the Korean economy can
be a good test bed to examine how DSGE models can explain these historical
records. This study attempts to empirically assess the Korean economy through
the lens of the most up-to-date DSGE model. To reflect the recent developments
of DSGE modeling, the DSGE model employed in this study adopts financial
friction, while retaining New Keynesian features such as price and wage rigidi-
ties. This study particularly focuses on the role of financial friction in explain-
ing the business cycle properties of the Korean economy and also the historical
records via comparison with a standard New Keynesian model without financial
friction.

There are two popular approaches for the financial friction in DSGE mod-
els. The first approach is to allow collateral in the borrowing constraint, as in
Kiyotaki and Moore (1997). The introduction of this collateral constraint am-
plifies the mechanism of an aggregate shock through the balance sheet effect,
depending on the level of net asset. This specification has been successfully ap-
plied to identify the relationship between business cycle fluctuations and real
estate prices, as in Iacoviello (2005) and Iacoviello and Neri (2010). However,
this approach is too sensitive to various structural parameters, such as the ratio of
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financially constrained households, a degree of heterogeneity between idiosyn-
cratic productivities and the elasticity of inter-temporal substitution in utility, as
Mendicino (2012), Kocherlakota (2000), and Cordoba and Ripoll (2004) have
mentioned.

The second approach is to introduce a financial accelerator mechanism, as
in Bernanke et al. (1999). The model identifies the financial leverage cost in-
duced by a risk-hedging debt contract between a financial intermediary and a
risk-neutral entrepreneur. In other words, financial risk is reflected in the bor-
rowing price, in contrast to the collateral constraint. This model similarly pro-
duces an amplification mechanism for an aggregate shock, albeit via the counter-
cyclical financial leverage cost. Moreover, the financial accelerator model has an
advantage, especially in terms of empirical analysis, since the price measures
of the financial market, such as loan interest rate and deposit interest rate, are
identified, which can be directly mapped into data, in contrast to quantity mea-
sures. Exploiting this advantage, Christensen and Dib (2008) and Christiano et
al. (2010) have applied this model to large-scale DSGE models for various em-
pirical analyses.

In addition to financial friction, the labor friction of involuntary unemploy-
ment á la Galı́ (2011) is added to the model in this study. The class of standard
New Keynesian DSGE models does not normally specify labor market variables
by distinguishing between employment and unemployment, but it often assumes
an abstract form. Consequently, the model without labor friction will be limited
to explaining either labor hours or employment only. However, the labor friction
adopted in this study simultaneously identifies employment and unemployment
and, hence, naturally implies labor force participation as well. The advantages
of this specification are twofold. First, both labor market indicators (i.e., unem-
ployment and employment rates) can be used for the estimation. This addition
potentially enhances the identification of structural parameters, especially those
related to the labor market. Second, this addition provides a full picture of the la-
bor market from both sides: labor supply and labor demand. As Erceg and Levin
(2014) have argued, the evidence that business cycle factors account for the labor
force participation around the global financial crisis in 2007–2008 and its persis-
tent decline afterward suggests that a single measure, such as the unemployment
rate by itself, cannot solely represent the labor market. With labor friction, the
model will be able to distinguish between labor supply (mainly explained by
labor force participation) and labor demand (mainly by the employment rate),
while the excess labor supply is identified by the unemployment rate.

Several studies have applied extended DSGE models, departing from stan-
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Table 1: Related literature on the Korean economy

Economy Financial Friction Labor Friction Banking

Gertler et al. (2007) SOE similar to BGG X X
Chung∗ (2011) SOE BGG X X
Lee∗ (2011) Closed KM & BGG X X
Alp et al. (2012) SOE BGG X X
Moon and Lee∗ (2012) SOE GGN X X
Kim∗ (2012) SOE BGG X X
Bae∗ (2013) SOE BGG X O
Kang and Suh (2017) SOE BGG Matching X
Joo∗ (2019) Closed BGG X O
Kim and Lee (2016) SOE X Involuntary X
∗ : References in Korean

SOE : Small Open Economy, Closed : Closed Economy

BGG : Bernanke et al. (1999), KM : Kiyotaki and Moore (1997), GGN : Gertler et al. (2007)

dard New Keynesian models, to analyze the Korean economy. Table (1) summa-
rizes those studies that particularly use financial frictions, except for Kim and
Lee (2016), who apply involuntary unemployment. The earliest financial fric-
tion model that was applied to the Korean economy was that of Gertler et al.
(2007), who demonstrated that the financial accelerator model1 duly captured
the financial crisis of 1997–1998 and the counterfactual experiment implied that
the fixed exchange rate would have exacerbated the crisis. 정용승 (2011) simi-
larly adopted the financial accelerator model and showed that the monetary pol-
icy designed in response to the exchange rate was not desirable in terms of social
welfare, while the model also accounted for the behavior of the Korean economy
during the global financial crisis of 2007–2008. Alp et al. (2012) also confirmed
that the counterfactual experiments under the financial accelerator model im-
plied that the exchange rate flexibility and interest rate cuts implemented by the
Bank of Korea substantially softened the impact of the global financial crisis in
2007–2008. 문외솔, 이윤수 (2012) illustrate the responses of macroeconomic
variables with various structural shocks using the estimated model and find that
the business cycle fluctuations of exchange rate, external debt, and investment
are substantially affected by the country risk premium shock via the financial
accelerator mechanism.김건홍 (2012) and배병호 (2013) also report that the es-

1The financial accelerator model refers to Bernanke et al. (1999), while the collateral con-
straint model refers to Kiyotaki and Moore (1997).
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timated models show a significant influence of financial market disturbances on
investment and output in terms of business cycle fluctuations. In addition, 배병
호 (2013) finds that the monetary policy established in response to the exchange
rate or asset prices improves social welfare compared to the conventional Taylor
rule that responds to the output gap and inflation gap only. Interestingly, this is a
contrasting result from정용승 (2011) in the case of the exchange rate responding
to the monetary policy. The significant difference between 정용승 (2011) and
배병호 (2013) seems to be the introduction of the banking sector2 that identifies
the spread between the lending and deposit interest rates. Although the author
has not explicitly analyzed the role of the banking sector by comparing one with
it and one without it, these results seem to imply that the monetary policy re-
sponding to the exchange rate is likely to stabilize the economy via the banking
sector channel.
주동헌 (2019) adopts the financial accelerator mechanism in both the firm

and banking sectors and confirms that the estimated model implies that the fi-
nancial accelerator mechanism is more important for the firm’s business cycle
behaviors relative to the banking sector. However, the model assumes a closed
economy that is restricted to domestic macroeconomic conditions only. 이준희
(2011) also assumes a closed economy model but adopts both a financial ac-
celerator mechanism and collateral constraint. While the collateral constraint
dampens the effect of total factor productivity (TFP) shock, the financial accel-
erator mechanism amplifies the effect of monetary policy shock. Finally, Kang
and Suh (2017) adopt the financial accelerator model and labor market friction
with a search and matching framework, which is a key departure from previous
studies. They found that a household’s weak bargaining power suppressed the
real wage increase during the recovery period after the global financial crisis
of 2007—2008, while the unemployment rate decreased. However, this model
lacks the ability to identify the labor market participation rate, which is poten-
tially important for explaining labor market behaviors during and after the global
financial crisis, as Erceg and Levin (2014) have mentioned.

The model employed in this study adopts the financial accelerator mecha-
nism, involuntary unemployment, small open economy, and banking sector. The
model specifications adopted in this study are complementary to the previous
literature that analyzes the Korean economy. First, as the Korean economy is
heavily influenced by foreign conditions, the assumption of a small open econ-
omy seems natural. Second, this study focuses on the role of financial friction in
terms of business cycle fluctuations by comparing the benchmark model with the

2The model follows Edwards and Végh (1997).



6 TAE BONG KIM

standard New Keynesian model without financial friction. The comparison will
be mainly analyzed with simulation exercises, such as impulse response func-
tions, variance decompositions, and implied volatilities of variables. Third, the
involuntary unemployment specification allows us to not only utilize the employ-
ment and unemployment rates simultaneously3 but also assess the types of struc-
tural shocks that have contributed toward these labor market variables during
two crisis periods, namely, the global financial crisis and COVID-19 pandemic,
by demonstrating historical decompositions. Although the banking sector spec-
ification in this study is not a crucial departure, it is assumed to extend the data
dimension because it includes observation series, such as the lending and deposit
interest rates, which can potentially help in the estimation of structural param-
eters related to the financial market. Finally, the sample period of the data for
estimation covers the recent COVID-19 pandemic period and thus provides new
empirical evidence through the lens of this proposed model.

In the following, Section (2) illustrates the benchmark model; Section (3)
shows the estimation results, various simulations, and historical decompositions;
while Section (4) summarizes and concludes this paper.

2. MODEL

The key departure of Bernanke et al. (1999) financial accelerator model from
the standard New Keynesian model is the identification of an entrepreneur and
a financial intermediary. The entrepreneur is a risk-neutral agent who operates
the capital stock to provide capital services to goods-producing firms. The en-
trepreneur has access to the financial market to borrow from financial intermedi-
aries, such as banks, so that debt financing is possible. In addition to this financial
accelerator mechanism, involuntary unemployment á la Galı́ (2011) is identified
in this model. The model explanation presented below is illustrated in detail only
with those key departures, while the rest of the model, which consists of New
Keynesian components with a small open economy assumption, is summarized
in the appendix in terms of equilibrium conditions4.

3Note that the information set of these two labor market indicators will be same as using the
labor market participation rate and unemployment rate.

4The New Keynesian model with the small open economy assumption for the Korean econ-
omy is close to that of Kim (2014), except for the non-stationary growth of output. The model
employed herein focuses only on business cycle fluctuations; thus, all the variables are stationary.
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2.1. CAPITAL PRODUCER

The capital market is perfectly competitive; therefore, a representative capi-
tal producer can be assumed. The capital producer purchases the physical capital
stock after depreciation, (1−δ )ks

t−1, from the entrepreneur in the current pe-
riod, and sells the next period’s physical capital stock, ks

t , by producing capital
stock with a new investment, it 5. The following equation is the physical capital
evolution process with an investment adjustment cost6.

ks
t = (1−δ )ks

t−1 +ξ
i
t

(
1−S

(
it

it−1

))
it (1)

The price of the capital stock, qt , varies over time due to the investment adjust-
ment cost. In addition, an investment-specific technology shock, ξ i

t , is added to
explain the business cycle fluctuation of the investment. By denoting the relative
price of the capital stock, qt , and that of the investment, pi

t
pt

, the profit function of
this capital producer is

Π
k
t ≡ qtks

t −qt (1−δ )ks
t−1 −

pi
t

pt
it

The profit maximization of this problem under the capital evolution process, (1)
above, provides the optimality conditions7 associated the capital stock, ks

t , and
the investment, it .

2.2. ENTREPRENEUR

There exists a continuum of risk-neutral entrepreneurs, indexed by j. At pe-
riod t, the jth entrepreneur purchases the capital stock, k j,t , which will be utilized
in the next period, with their own real net worth, nw j,t , in addition to debt, de

j,t ,
financed by financial intermediaries. Hence, the following constraint is the bal-
ance sheet of the jth entrepreneur.

de
j,t = qtk j,t −nw j,t ≥ 0 (2)

Each entrepreneur faces an idiosyncratic productivity shock, which is a source of
heterogeneity among entrepreneurs. This entrepreneur-specific shock is reflected

5We distinguish the physical capital stock, ks
t , from capital service, kd

t+1, as capital service
reflects the capital utilization, ut+1. Thus, ut+1ks

t = kd
t+1.

6A quadratic investment adjustment cost function, S
(

it
it−1

)
, is assumed, as in (F.2).

7See optimality conditions (A.1) and (A.2) in the Appendix.
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in the capital services that are provided to the goods-producing firms. We denote
this idiosyncratic shock by ω , which is assumed to have a log-normal probability
density.

Pr [ω ≤ x] = F (x;σ
ω
t )

The above-mentioned probability density for logω has a mean of µω with a stan-
dard deviation of σω

t
8. Moreover, σω

t is an exogenous volatility process that is
referred to as “financial risk shock,” as in Christiano et al. (2014). Furthermore,
the information on the jth idiosyncratic productivity, ω j, is hidden so that infor-
mation asymmetry is present. Owing to this asymmetry, a costly state verification
problem arises, as will be discussed further herein.

To derive the optimal debt contract between the entrepreneur and the finan-
cial intermediary at period t, the expected return at period t+1 should be explic-
itly illustrated. Therefore, let us first start with the decision on capital utilization,
ut+1, at period t + 1 after the idiosyncratic productivity shock, ω j,t+1, is real-
ized. The jth entrepreneur decides on the capital utilization, ut+1, to maximize
the following profit9:

max
ut+1

[
ut+1rk

t+1 (1− τk)−
Φ(ut+1)

ξ i
t+1

+
δτk

ξ i
t+1

]
ω j,t+1ks

j,t

The entrepreneur provides the capital service10, ut+1ω j,t+1ks
j,t , to the firms from

which the entrepreneur earns rk
t+1 (1− τk) after tax for each unit of capital ser-

vice. The entrepreneur also bears a capital utilization cost11, Φ(ut+1)

ξ i
t+1

, and receives

a tax deduction from the depreciation of capital stock, δτk
ξ i

t+1
. After utilizing the

capital, the entrepreneur resells the remaining physical capital stock to the capi-
tal producer at the end of period t +1. Thus, the gross return from operating one
unit of physical capital stock for the entrepreneur, Rk

t+1, can be summarized as
in (A.4).

Based on the expected return at period t+1, the entrepreneur needs financial
leverage to purchase the new physical capital from the capital producer at the

8µω satisfies
∫

∞

0 ωdF (ω;σω ) = 1
9Note that ut+1 is not j specific because of the symmetric optimality conditions between

entrepreneurs, which will be evident, as in (A.3)
10Note that kd

j,t+1 = ut+1ks
j,t . Thus, the market-clearing condition for the physical capital mar-

ket is
∫

∞

0 ωks
j,tdF (ω) = ks

t , whereas that for the capital service market is
∫

∞

0 ωut+1ks
j,tdF (ω) =

kd
t+1.

11See (F.1).
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end of period t. Financial leverage is attained via a standard debt contract with
a financial intermediary. The standard debt contract, as in Townsend (1979), is a
result of the costly state verification problem of idiosyncratic productivity in the
future. The contract states that the financial intermediary provides the funds, for
instance, de

j,t , and, in return, the entrepreneur pays a gross interest rate12, Z j,t+1,
if the idiosyncratic productivity is above a certain threshold level, say, ω̄ j,t+1.
Furthermore, the contract also specifies that if the idiosyncratic productivity is
below the threshold level, the financial intermediary bears the auditing cost to
verify the true state of the entrepreneur and acquires the remaining book value
of the entrepreneur’s asset. This threshold value, under which the entrepreneur
decides to default, is, in other words, a cut-off value for the idiosyncratic pro-
ductivity that should satisfy the following condition:

ω̄ j,t+1Rk
t+1qtks

j,t = Z j,t+1de
j,t (3)

This condition implies that the interest that the entrepreneur pays back to the
financial intermediary should be indifferent to the return from operating capital
stock under the productivity whose level is at the cut-off value.

Given the standard debt contract between these two entities, the financial in-
termediary’s zero-profit condition can be exploited, as the financial intermediary
sector is assumed to be perfectly competitive. Given the optimality condition of
the financial intermediary, the expected return from the loan to the entrepreneur
should be equal to the market-wide loan rate, for instance, Re

t . Thus, the zero-
profit condition of the financial intermediary is

(
1−F

(
ω̄ j,t+1;σ

ω
t
))

Z j,t+1de
j,t +(1−µe)

∫
ω̄ j,t+1

0
ωdF (ω;σ

ω
t )Rk

t+1qtks
j,t = Re

t de
j,t (4)

The first term on the left-hand side is the expected return when the en-
trepreneur’s productivity is above the cut-off value, while the second term is
the return when the productivity is below the cut-off value. Using (3) and in-
troducing auxiliary variables to represent the probabilistic density functions, the
zero-profit condition can be rearranged as in (A.5).

The entrepreneur chooses the capital stock purchase, k j,t , at period t and also
a schedule of cut-off value, ω̄ j,t+1, for each realization of aggregate shocks in

12This interest rate does not depend on the idiosyncratic productivity shock; however, it does
so on the realization of the aggregate shocks. In a sense, this interest rate is idiosyncratic risk-free,
but not aggregate risk-free.
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period t +1. Hence, the optimization problem is

max
k j,t

Et

[
max
ω̄ j,t+1

{∫
∞

ω̄ j,t+1

(
Rk

t+1qtωk j,t −Z j,t+1de
j,t

)
dF (ω;σ

ω
t )

}]
under the zero-profit condition, as in (4). Note that the choice of the cut-off value,
ω̄ j,t+1, is within the expectation sign because it should be chosen for each ag-
gregate state in period t + 1. The optimality condition for k j,t will be j-specific
and, thus, cannot summarize the equilibrium condition for the entrepreneurial
sector. To induce the equilibrium condition in terms of aggregate variables only,
the optimization problem of the entrepreneur should be stated in terms of the
capital to net-worth ratio or debt to capital ratio. Only then can the optimality
conditions be symmetric across the entrepreneurial sector. Therefore, by defin-
ing κ j,t ≡

qt k j,t
nw j,t

and using the balance sheet constraint, (2), the problem can be
restated as follows:

max
κ j,t

Et

[
max
ω̄ j,t+1

{
(1−Γ(ω̄ j,t+1;σ

ω
t ))

Rk
t+1

Re
t

}]
κ j,t

subject to (A.5). (A.6), which is the first-order condition associated with ω̄ j,t+1,

implies that ω̄ j,t+1 = ω̄t+1. Consequently,
de

j,t
qt ks

j,t
= de

t
qt ks

t
due to (A.5) and κ j,t = κt .

To maintain the stationarity of the accumulating net-worth, the entry and
exit of the entrepreneurs are assumed to be determined exogenously. With 1−ζt

probability, the entrepreneurs exit, while a fixed amount of start-up funds, W e, is
added to the book value of entrepreneurs. Thus, the aggregate net-worth of the
entrepreneurial sector is

nwt = ζtVt +W e

Vt is the entrepreneurs’ book value before exit and entry, which follows the pro-
cess in (A.7). ζt is the survival probability, which is a function of an exoge-
nous process, ζ̃ e

t . A disturbance to this exogenous process is the financial wealth
shock.

ζt =
1

1+ exp
(
−ζ̄ e − ζ̃ e

t

)
The remaining book values for the exited entrepreneurs are either consumed
away, ce

t , or transferred back to households, T e
t .

(1+ τc)ce
t = (1−ζt)γeVt

T e
t = (1−ζt)(1− γe)Vt
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2.3. FINANCIAL INTERMEDIARY

The banking sector consists of financial intermediaries that provide financial
mediation between households’ deposits and entrepreneurs’ loans. The banking
sector is assumed to be perfectly competitive, and thus, the problem, henceforth,
can be solved in representative terms. The financial intermediary receives de-
posits, dh

t , from households and lends funds, de
t , to entrepreneurs. This financial

intermediary must hold a certain level of reserves with a portion, γb, of the de-
posits, while also bearing the costs of providing services to both households and
entrepreneurs. These cost functions are Γh

t and Γe
t , which are, in a sense, reduced

forms that may characterize the behaviors of financial intermediaries13. In sum,
the period t profit function for the financial intermediary is

Π
b
t = Re

t−1
de

t−1

Πt
+Γ

h
t (1− γb)dh

t −Rh
t−1

dh
t−1

Πt
−Γ

e
t de

t .

Rh
t is the deposit interest rate and Re

t is the loan interest rate. The cost functions
associated with financial services are

Γ
h
t = exp

(
Γ

h0 −Γ
h1

(
d̃h

t

d̃e
t
− d̄h

d̄e

)
+ξ

h
t

)
Γ

e
t = exp

(
Γ

e0 −Γ
e1

(
d̃h

t

d̃e
t
− d̄h

d̄e

)
+ξ

e
t

)
The cost functions are assumed to be elastic to the aggregate deposit–loan ratio14,
d̃h

t
d̃e

t
. In this way, when the deposit–loan ratio exceeds the steady-state level, the net

receipts from deposits reduce, and thus, the costs associated with deposit services
rise, while the costs to loan services reduce. In addition, there are constant terms,
Γh0 and Γe0 , in the cost functions that explain the interest rate spreads at the
steady state, as will be made clearer with the equilibrium conditions presented
below. Moreover, these cost functions allow for fluctuations by the exogenous
disturbances, ξ h

t and ξ e
t , respectively.

13A structural form of the banking sector may be modeled as in Christiano et al. (2014), but
we decide to identify the banking sector in a rather parsimonious way as this paper does not pay
attention to the micro-founded behaviors of the banking sector.

14This deposit–loan ratio is assumed not to be specific to the financial intermediary, imply-
ing that the representative financial intermediary does not internalize its own deposit–loan ra-
tio but rather depends on the aggregate level. If internalized, the cost function derivatives are
Γe

t

(
1−Γe1 dh

t
de

t

)
와 Γh

t

(
1−Γh1 dh

t
de

t

)
. However, these functions do not qualitatively alter the overall

dynamics of the model.
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Thus, the representative financial intermediary chooses deposit, dh
t , and loan,

de
t , to maximize the following stream of profits that are discounted with the

stochastic discount factor because this entity is owned by households.

max
de

t ,dh
t

Et

∞

∑
τ=t

β
τ−t λτ

λt
Π

b
τ

The FOCs associated with this problem after relating to the household’s equilib-
rium conditions are as follows:

Γ
e
t Rt = Re

t (5)

(1− γb)Γ
h
t Rt = Rh

t (6)

Thus, the spread between the risk-free interest rate and loan interest rate is ex-
plained by Γe

t , and the spread between the risk-free interest rate and deposit inter-
est rate is described by (1− γb)Γh

t . Furthermore, these spreads are elastic to the
financial soundness of the financial intermediaries. Combining those two condi-
tions, (5) and (6), the steady state implies that

(1− γb)exp
(
Γh0
)

exp(Γe0)
=

Rh

Re

Summarily, the loan–deposit interest rate spread is identified in a reduced form,
which is in terms of these cost functions.

2.4. HOUSEHOLDS

There exists a continuum of homogenous households and a continuum of
heterogeneous household members within a representative household. House-
hold members are assumed to differ in two dimensions: types of labor service
and labor supply disutilities. To specify these two-dimensional identifications,
household members are indexed by a pair, (i, j) ∈ [0,1]× [0,1], which lies in a
unit square. The first index, i∈ [0,1], is a labor service type in which a household
member specializes, while the second index, j ∈ [0,1], measures the relative de-
gree of the disutility by providing the labor service. As in Merz (1995) and Galı́
(2011), the income risks among the household members are fully shared within
the household and, thus, allocations, such as consumption, are symmetric regard-
less of their job status15. Hence, the lifetime utility of a representative household

15In addition, the utility function needs to be separable between labor supply and consumption.
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is

V0 ≡ E0

∫ 1

0

∞

∑
t=0

β
t
υt

{
log
(

ch
it −ϑcch

it−1

)
+ψd

(
dh

it
)1−ϑd

1−ϑd
−ϕtψn

∫ ns
it

0
jϑnd j

}
di

= E0

∫ 1

0

∞

∑
t=0

β
t
υt

{
log
(

ch
it −ϑcch

it−1

)
+ψd

(
dh

it
)1−ϑd

1−ϑd
−ϕtψn

(ns
it)

1+ϑn

1+ϑn

}
di

Each household member, j, bears a disutility of jϑn , and the overall disutilities
of the household are an integral of those of the household members, specified by
ns

it , who are employed in the i type of labor market. Note that ϑn is the inverse
of the Frisch elasticity, while ψn is the substitution elasticity.

Deposit in utility16 is assumed in this model to induce a supply of deposits
to the financial intermediaries, and this can be interpreted as a reduced form that
may reflect households’ needs for financial services. The function form shows
that this term is separable from consumption and labor supply, although it has an
elasticity of ϑd and a substitution elasticity of ψd .

Finally, some of the features that are common in medium-scale New Keyne-
sian models, such as habit consumption, whose degrees are parameterized by ϑc

and two preference disturbances, υt and ϕt , are adopted. υt is an intertemporal
preference shock, as in Primiceri et al. (2006), and ϕt is a labor supply shifter,
as in Hall (1997) and Chari (2007).

The household member i’s budget constraint is

(1+ τc)
pc

t

pt
ch

it +dh
i,t +bit + extbW

it +W e

= (1− τw)witns
it +Rh

t−1
dh

it−1

Πt

+Rt−1
bit−1

Πt
+RW

t−1Γ
W (·)

extbW
it−1

Πt
+T g

t +T e
t +Π

h
t

pt is the numerarie in the model. pc
t is the price of the final consumption

goods, which is a composite of domestic and imported goods. dh
it is the deposit

holdings and bit is the government bond holdings, while Rh
t and Rt are the interest

rates associated with these two holdings, respectively. Households pay start-up
funds for the entrepreneurs. wit is the wage rate for an i-type labor service when
employed, which is ns

it . τc and τw are the consumption and wage taxes, respec-
tively. T g

t is a lump-sum transfer from the government17, T e
t is some portion of

16This specification is similar to money in utility that generates the money demand.
17Negative means the lump-sum tax.
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the remaining assets from exited entrepreneurs, and Πh
t summarizes all the profits

earned from the ownerships of other entities, such as capital producers, financial
intermediaries, final goods producers, intermediate goods producers, and import
and export goods distributors.

The open economy’s feature is reflected in this model by specifying the
foreign bond holdings from the international financial market. Each household
member has foreign bond holdings, bW

it , which are specified in terms of foreign
currency, and the exchange rate, ext , is considered in the budget constraint. The
foreign interest rate, RW

t , is exogenous to domestic households because of the
assumption of a small open economy. To fill the gap between the domestic and
foreign interest rates, the country risk premium, ΓW (·), is specified. This pre-
mium takes the functional form of (F.3). The premium has a constant parameter
that can be calibrated to match the long-run average spread between the domes-
tic and foreign interest rates. Furthermore, it has time-varying components, a
debt-elastic term, and an exogenous shock. The debt-elastic term guarantees the
stationarity of the small open economy model, as shown in Schmitt-Grohé and
Uribe (2003).

The equilibrium conditions, except for the labor-related variables, can be de-
rived through a standard optimization problem, as shown in (A.12)—(A.15). The
labor market-related variables due to labor market friction that induces invol-
untary unemployment require some additional explanations. First, labor market
participation can be identified by the incentive compatibility condition of house-
hold members. For instance, the ith household member only participates in the
labor market when the following condition is satisfied:

wit ≥
dtϕtψn (ℓ

s
it)

ϑn

λt (1− τw)

Let ℓs
t ≡

∫ 1
0 ℓs

itdi be the labor market participation rate18. The above-mentioned
condition states that the wage for the i type should be greater than or equal to the
right-hand side, which is the disutilities of labor supply converted into monetary
units19. The marginal participant satisfies the equality of this condition, hence,

ℓs
it =

(
λt (1− τw)wit

υtϕtψn

) 1
ϑn

18Note that this is different from the employed labor supply, ns
t .

19λt is the Lagrangian multiplier of the household’s optimization problem.
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Aggregating over the labor service type i,

ℓs
t =

(
λt (1− τw)

υtϕtψn

) 1
ϑn (

wL
t
) 1

ϑn

where
(
wL

t
) 1

ϑn ≡
∫ 1

0 w
1

ϑn
it di. This is the labor market participation equilibrium

condition because it is expressed in terms of aggregate variables only20. More-
over, using this definition, the unemployment rate is one minus the employment
rate - labor market participation rate ratio, nd

t
ℓs

t
.

ue
t ≡ 1− nd

t

ℓs
t

(7)

where the employment rate is nd
t ≡

∫ 1
0 ns

it di. Hence, the unemployment rate is an
excess labor supply that is caused by the monopolistic power of differentiated
labor services21. While the employment rate represents the labor demand and
labor participation is driven by the labor supply, the unemployment rate may
react to any disturbance to both labor demand and supply. Hence, the response
of the unemployment rate is determined through the relativity between the labor
demand and supply.

3. EMPIRICAL ANALYSIS

The model specified in this paper is brought to an estimation using Bayesian
methodology with data from the Korean economy. This section begins with a
data description, followed by the results from the estimation. In addition, simu-
lation exercises, such as impulse response functions, are reported, and the histor-
ical decompositions of the variables of interest are investigated at the end of this
section.

3.1. DATA

Table 2 summarizes the sample data for the macroeconomic variables used
for the estimation. Since the 1950s, the Korean economy has experienced many
structural changes, including the 1997 financial crisis, to reconcile with a highly

20The transition process,
(
wL

t
) 1

ϑn , can be expressed in terms of aggregate variables only, as in
(A.51), once the integration is taken into account.

21Galı́ (2011) shows that the unemployment rate is positively related to the wage markup.
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parameterized model, such as DSGE. Therefore, the sample data start from the
year 2000, so that relatively more stable periods for the Korean economy are
considered. Gross domestic products (GDP) and its expenditure components,
such as consumption, investment, government spending, and exports, are from
national income accounts. The risk-free interest rate is the government’s treasury
bond with one-year maturity, and the inflation rate is based on the consumer
price index22. Unemployment and employment rates are used as labor market
indicators23. The foreign interest rate is the US treasury bill with a three-month
maturity. The deposit interest rate is the savings deposit interest rate, and the loan
interest rate is the business loan interest rate.

Table 2: Sample data

Data Units SA Periods Source Notations
GDP ₩(2015) SA 2000:Q1-2021:Q4 ECOS yo

t
Private Consumption ₩(2015) SA 2000:Q1-2021:Q4 ECOS co

t
Private Investment ₩(2015) SA 2000:Q1-2021:Q4 ECOS iot
Gov’t Consumption ₩(2015) SA 2000:Q1-2021:Q4 ECOS go

t
Export ₩(2015) SA 2000:Q1-2021:Q4 ECOS xo

t
1-yr Treasury Bond Annual % NSA 2000:Q1-2021:Q4 ECOS Ro

t
CPI 2015=100 NSA 2000:Q1-2021:Q4 KOSIS Πo

t
Unemployment Rate % SA 2000:Q1-2021:Q4 KOSIS ue,o

t
Employment Rate % SA 2000:Q1-2021:Q4 KOSIS no

t
3-month U.S. treasury bill Annual % NSA 2000:Q1-2021:Q4 FRED RW,o

t

Deposit Interest Rate Annual % NSA 2000:Q1-2021:Q4 ECOS Rh,o
t

Loan Interest Rate Annual % NSA 2000:Q1-2021:Q4 ECOS Re,o
t

ECOS : Bank of Korea database

KOSIS : Korea Statistics Bureau database

FRED : St. Louis Federal Reserve database

This study focuses on business cycle implications; thus, detrended time se-
ries data are necessary to match stationary variables in the model. The follow-
ing vectors show how the time series data are mapped to the variables in the
theoretical model. The GDP and its expenditure components are detrended by
the Hodrick–Prescott filter24. This kind of data treatment is less common with
Bayesian estimations, and GDP growth rates may be a better option. However,
we decide to use the Hodrick–Prescott filter because the GDP growth rates have
been declining, even within the sample periods. For instance, the average growth

22CPI is seasonally adjusted by using Eviews package’s ARIMA X-13.
23Note that the labor participation rate is reproduced jointly by those two rates and thus be-

comes redundant in the information set for the estimation.
24Tilde notations on variables represent H–P filtered series, while hat notations on variables

represent the log-deviations from steady states
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rate in the 2000s is approximately 4 to 5%, while in the 2010s, it ranges between
approximately 2 to 3%. Hence, the potential output of the Korean economy is
hardly identified by the GDP growth rates. However, as the Korean economy
seems to have almost converged to a balanced growth path recently, future em-
pirical analysis may be able to apply growth rates instead of filtering methods,
as observations are collected over time.

Interest and inflation rates are considered to be stationary in principle and
thus used in levels, while the structural parameters associated with the long-
run levels of these variables are calibrated to match the means of the data, as
explained in the following subsection. The labor market indicators are also used
in these levels. However, the long-run steady states implied by the model are not
calibrated but are instead allowed to be estimated. Hence, a comparison between
the means of the data on labor market variables and the implied steady states of
these variables in the estimated model is necessary to check the plausibility of
the estimation.

Variables in the model

ŷs
t

ĉt

ît
ĝt

x̂t

Rt

Πt

ue
t

nd
t

RW
t

Rh
t

Re
t



=

Observed Data

ỹo
t

c̃o
t

ĩot
g̃o

t
x̃o

t
Ro

t
Πo

t
ue,o

t
no

t
RW,o

t

Rh,o
t

Re,o
t


3.2. CALIBRATIONS

The calibration schemes are listed in Tables 3 and 4. Table 3 shows the steady
states of some selected macroeconomic variables that are calibrated to match
the long-run means of the sample data. The risk-free interest rate is 3.25% per
annum, which is the mean of the one-year government treasury bond. Accord-
ingly, interest rate spreads are calibrated to match the differences in the long-run
means between the government treasury bond interest rate and deposit/loan inter-
est rates. The long-run annual inflation rate is 2%, which is the current target rate
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of the Bank of Korea. The government debt-to-GDP and government spending-
to-GDP ratios are 35% and 14.5%, respectively.

Table 3: Calibrated steady states

Variables Values Descriptions

Rss exp(0.0325).25 Risk-free Interest Rate

Π 1.02.25 Target/Long-run Inflation Rate
Rh

ss
Rss

exp(−0.0064) Deposit-Risk free Interest Rates Spread
Re

ss
Rss

exp(0.0025) Loan-Risk free Interest Rates Spread
¯̃b 0.35 Government Debt-Aggregate Demand Ratio

gss
yd

ss
0.1480 Government Spending-Aggregate Demand Ratio

Table 4 lists the parameters calibrated in the model. The subject discount
factor is pinned down by the Euler equation of the household’s equilibrium con-
ditions because the inflation rate and risk-free interest rate are already calibrated.
The capital income share and depreciation rate are common values in the litera-
ture. The government debt elasticity is assumed to be 0.05, while three types of
tax rates are borrowed from Kim (2014), wherein the effective tax rates are com-
puted based on the fiscal balance data of the Korean government. Home biases
are assumed to reflect a greater preference for domestic goods in consumption
and more concentration on foreign imported goods in investment25. Parameters
related to financial friction, such as entrepreneurs’ cut-off values for default, sur-
vival rate, and consumption ratio, are borrowed from Kang and Suh (2017). The
parameters for the cost functions of financial services are calibrated to match the
spreads presented in Table 3.

3.3. MODEL ESTIMATION

The Bayesian estimation methodology is adopted for the model. To imple-
ment the estimation and perform various simulation exercises using the estimated
model, the model is linearized around the deterministic steady states. Because
the structural parameters are highly nonlinear, the random walk Metropolis–

25For instance, Korean manufacturing businesses rely heavily on imported goods such as raw
materials and equipment.
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Table 4: Calibrated parameters

Parameters Values Descriptions

β
Π

Rss
Subjective discount factor

ψd 0.05 Elasticity of deposit in utilities
α 0.3 Capital income share
δ 0.025 Depreciation rate
T1 0.05 Government debt elasticity
nc 0.85 Home bias in consumption goods
ni 0.35 Home bias in investment goods
τc 0.14 Consumption tax rate
τw 0.35 Wage tax rate
τk 0.13 Capital income tax rate

ΓRW
0 0.00465 Domestic-Foreign interest rate spread

µe 0.1 Monitoring cost
ω̄ implies 5% default rate Entrepreneurs’ cut-off value for default
ζ 0.976 Entrepreneurs’ survival rate
γe 0.10 Entrepreneurs’ consumption ratio
γb 0.07 Banks’ reserve ratio

Γh0 Rh
ss

Rss
/(1− γb) Deposit-bond interest rates spread

Γe0 Re
ss

Rss
Loan-bond interest rates spread

Hasting algorithm is applied, and the proposal density is based on the mode com-
puted by the Monte Carlo optimization method in Dynare package program26.
The measurement errors were not specified because there was no stochastic sin-
gularity problem27. For the convergence of chains, two and half million Monte
Carlo Markov Chain draws after the two and half million initial burn-in draws
are collected to report the posterior distributions. Tables 5 and 6 report the prior
and posterior distributions of the structural parameters. Most prior distributions
follow conventions in the literature, as pioneered by Smets and Wouters (2005).

Structural parameters such as the inverse Frisch elasticity, ϑn, wage rigid-
ity, θw and substitution elasticity between differentiated labor services, η , are

26The acceptance rate was 34.11%, indicating a reasonable property of the proposal density.
27There are 15 structural shocks in the model, while the observables are 12.
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Table 7: Labor market indicators: Estimated model vs. Data

Estimated Model∗ Data
Unemployment Rate 3.66% 3.60%
Employment Rate 59.86% 59.90%
Participation Rate 62.14% 62.14%
∗ Estimated model is based on steady states implied by posterior modes.

key parameters that determine employment and unemployment rates. However,
instead of investigating each parameter’s posterior distribution separately, the
implied steady states of the labor market indicators are worth examining, as pre-
viously mentioned. Table 7 shows the implied steady states of three labor market
variables and the long-run means of the sample data.

The estimated model approximately matches the first moments of the labor
market indicators’ data. Moreover, the implied steady state of the participation
rate exactly matches the mean of the data because of the definition of unemploy-
ment specified as (7) in the model, even though it is not used as an observable.

The Calvo–Yun probability parameters that reflect price and wage rigidities
are worth mentioning herein. These are estimated to be particularly low com-
pared to typical evidence from the US economy, as in Christiano et al. (2005)
and Smets and Wouters (2005). This result presumably implies that the short-run
non-neutrality of money is weaker than that of the US economy. However, the
model has a financial accelerator mechanism that may have induced the low es-
timates of rigidities, unlike the standard New Keynesian models. Therefore, an
additional estimation was performed with a New Keynesian model without the
financial accelerator mechanism28. The estimation results are presented in Tables
10 and 11 in the Appendix. Interestingly, the estimates for the rigidity parame-
ters in the New Keynesian model are all higher than those in the financial fric-
tion model. Hence, it is difficult to conclude whether the money non-neutrality
is weak or not before making assessments based on a comparison of impulse
response functions.

3.4. MODEL SIMULATIONS

This subsection reports the impulse responses to five structural shocks: in-
vestment technology shock, TFP shock, monetary policy shock, foreign interest

28The New Keynesian model estimated in this paper still has the labor market friction, while
the entrepreneurial sector and the banking sector are deleted.
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rate shock, and financial risk shock29. First, a positive investment technology
shock directly induces an investment increase owing to its efficiency in invest-
ment goods, as shown in figure 1. Consequently, employment and output rise,
whereas unemployment declines. In addition, real wages rise and consumption
increases with a delay. As the overall aggregate demand increases, the infla-
tion rate increases, thereby inducing an increase in the interest rate that follows
the Taylor rule. Moreover, the investment increase is comparatively stronger
for more than a year compared with the New Keynesian model. This is possi-
ble through the external financing of the entrepreneurs in the financial friction
model, which is evident from the increase in the capital–net-worth ratio that is
absent in the New Keynesian model. Stark differences are also apparent in ex-
ports and imports. In particular, imports rise strongly in the financial friction
model but not so much in the New Keynesian model, and even decline start-
ing from the second period. Similarly, exports increase in the financial friction
model as opposed to a decrease in the New Keynesian model. Hence, the finan-
cial accelerator mechanism amplifies investment responses, imports, and exports
by increasing the leverage in response to investment technology shocks.

Figure 2 shows the impulse response function of the TFP shock. A positive
TFP shock increases the output while it decreases the inflation rate because it
is an aggregate supply shifter. As aggregate income is equivalent to output due
to national income identity, the income increase induces a positive wealth ef-
fect, and thus reduces labor participation. However, the employment rate further
decreases, resulting in an increased unemployment rate. This phenomenon is a
well-known result of the features of the New Keynesian model in which labor
demand and real wage decline in response to a positive TFP shock30. The dif-
ference between the financial friction model and the New Keynesian model lies
in the output, investment, export, and import responses. Output and investment
increase more in the financial friction model, while exports and imports both
increase, in contrast to the New Keynesian model. Two forces are at play in
these impulse response functions. First, the deflationary effect induces the price
competitiveness of exports in the international market and, at the same time,
stronger domestic demands for domestic goods relative to imported goods. Sec-
ond, the deflationary effect also affects the financial condition of entrepreneurs
in the financial friction model. Given that debt contracts are established based
on nominal prices, deflation exacerbates the real debt burden of entrepreneurs

29The rest of the IRFs are presented in the Appendix
30On the other hand, the pure RBC model has labor demand increasing in response to TFP

shock.
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Figure 1: IRFs to investment technology shock, ε
ξi
t
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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with the price rigidity present. This is known as “Fisher deflation channel,” as
explained by Christiano et al. (2010). Hence, leverage decreases, as reflected by
the decline in the capital–net-worth ratio. However, the overall results indicate
that investment rises strongly, implying that the “Fisher deflation channel” is not
so pronounced with this estimated model. Furthermore, output rises mainly due
to meeting the increase in foreign demand for domestic goods. This result seems
to be due to the relatively weak price rigidities of the estimated financial friction
model. Therefore, the financial friction model amplifies the responses of output,
investment, exports, and imports with regard to the TFP shock.

Figure 3 shows the impulse response functions of the monetary policy shock.
The impulse response functions are drawn based on one standard deviation of
the monetary shock; therefore, the quantitative magnitudes rely on the posterior
estimates of the shock’s volatility. The interest rate rises approximately by 25bp
in the financial friction model and approximately by 35bp in the New Keynesian
model. Nevertheless, the contractionary effect on output in the financial friction
model is stronger than that in the New Keynesian model. This result is somewhat
surprising, considering that price and wage rigidities are estimated to be lower
in the financial friction model. The contractionary monetary policy raises the
external financing cost that entrepreneurs must bear, thus reducing investment
further and in a more persistent way.

Figure 4 shows the impulse response functions of the foreign interest rate
shock. The balance of payments in the model in which foreign reserves are ab-
sent implies an exact trade-off between the financial and current account bal-
ances. Foreign interest rate increases induce capital outflows to satisfy the uncov-
ered interest rate parity condition. Nonetheless, net exports should be increased
to offset capital outflow. This is mainly driven by more exports in the financial
friction model, but by even less imports in the New Keynesian model. Hence,
the output rises in the financial friction model, which is in contrast with the New
Keynesian model. Output expansion gives rise to labor demand, while labor sup-
ply also increases, but less. Consequently, the unemployment rate declines in the
financial model.

Finally, the impulse response functions for the financial risk shock that is
only present in the financial friction model are plotted in Figure 5. A financial
risk shock substantially increases the cut-off value, and the aggregate book value
declines more than the capital. Thus, the capital–net-worth ratio increases. This
shock generates an overall contraction for most macroeconomic variables, except
for consumption and export.

Table 8 shows the long-run variance decompositions for both the financial
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Figure 2: IRFs to TFP shock, εA
t
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 3: IRFs to monetary policy shock, εm
t
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 4: IRFs to foreign interest rate shock, ε
Rw
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.
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Figure 5: IRFs to financial risk shock, ε
σω
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ŷs t
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î t
R t

Π
t

ue t
nd t

R
h t

R
e t

FF
N

K
FF

N
K

FF
N

K
FF

N
K

FF
N

K
FF

N
K

FF
N

K
FF

FF

ε
υ

4.
82

8.
55

12
.9

3
23

.2
3

11
.5

1
2.

95
53

.3
1

52
.3

5
26

.1
9

32
.2

4
21

.2
2

25
.2

3
5.

61
10

.2
8

38
.6

5
42

.8
8

ε
ϕ

32
.8

4
14

.8
2

19
.8

4
5.

93
4.

65
0.

65
4.

94
8.

20
2.

39
5.

13
4.

01
6.

10
47

.2
5

27
.3

6
3.

33
3.

67

ε
ξ

i
17

.6
8

16
.4

9
25

.8
5

7.
13

67
.4

1
13

.2
8

11
.4

4
5.

00
4.

83
2.

39
3.

14
1.

23
3.

38
2.

31
8.

22
9.

14

ε
A

26
.2

6
11

.1
9

17
.2

2
7.

83
1.

19
0.

20
10

.3
8

10
.8

7
16

.5
4

17
.0

8
22

.6
8

26
.5

6
15

.7
6

24
.5

0
7.

30
8.

11

ε
m

2.
99

1.
16

1.
65

1.
11

0.
02

0.
05

1.
50

2.
71

21
.2

2
9.

11
15

.5
4

5.
29

5.
11

1.
98

0.
99

1.
10

ε
g

0.
21

0.
31

0.
35

0.
18

0.
02

0.
00

0.
18

0.
18

0.
33

0.
29

0.
54

0.
57

0.
36

0.
53

0.
12

0.
14

ε
R

w
0.

19
0.

32
0.

85
0.

29
0.

29
0.

85
1.

07
0.

12
0.

71
0.

06
0.

24
0.

02
0.

31
0.

03
0.

74
0.

82

ε
b w

1.
49

8.
15

3.
69

9.
62

0.
80

1.
73

5.
66

1.
66

5.
45

7.
12

2.
80

16
.9

0
2.

47
13

.6
9

3.
87

4.
30

ε
y W

0.
67

9.
73

0.
45

8.
17

0.
02

6.
24

0.
08

4.
24

0.
92

4.
50

2.
31

7.
95

1.
13

7.
40

0.
06

0.
06

ε
π

w
2.

86
25

.0
2

1.
81

32
.4

9
0.

05
73

.9
8

0.
14

9.
09

4.
11

6.
94

10
.6

8
5.

03
4.

89
5.

15
0.

10
0.

11

ε
µ

5.
63

4.
26

4.
37

4.
02

0.
71

0.
06

2.
28

5.
57

9.
55

15
.1

4
11

.8
1

5.
12

8.
77

6.
76

1.
38

1.
54

ε
σ

ω
3.

54
-

9.
59

-
9.

31
-

8.
26

-
7.

21
-

4.
23

-
4.

39
-

5.
82

6.
48

ε
ζ

0.
26

-
0.

47
-

0.
47

-
0.

11
-

0.
31

-
0.

66
-

0.
40

-
0.

04
0.

04

ε
ξ

h
0.

28
-

0.
44

-
1.

56
-

0.
26

-
0.

07
-

0.
02

-
0.

05
-

29
.1

0
4.

80

ε
ξ

e
0.

28
-

0.
50

-
2.

00
-

0.
38

-
0.

16
-

0.
12

-
0.

13
-

0.
30

16
.8

1

N
ot

e:
FF

is
th

e
fin

an
ci

al
fr

ic
tio

n
m

od
el

an
d

N
K

is
th

e
N

ew
K

ey
ne

si
an

m
od

el
.



ESTIMATED LABOR AND FINANCIAL FRICTION MODEL 31

friction and New Keynesian models. First, domestic shocks, such as investment
technology, TFP, and labor supply (intratemporal preference) shocks, are the
main driving forces for the output fluctuations in the financial friction model.
However, the foreign inflation rate shock was the largest factor for the out-
put fluctuations in the New Keynesian model. This property is also consistent
with consumption and investment. Moreover, the overall contributions of for-
eign shocks are moderated by other macroeconomic variables, such as the in-
terest, inflation, unemployment, and employment rates. In addition, the financial
risk shock rather has some contributions toward macroeconomic variables, while
the three other financial shocks have negligible contributions.

The overall implied volatilities of these two models and those of the data are
provided in Table 9. The fact that the implied volatilities of the financial friction
model are closer to those of the data provides evidence that the financial friction
model outperforms the New Keynesian model.

Table 9: Volatilities of the estimated models and data

Variables Data Estimated Model Relative Ratio
FF NK FF NK

ŷs 0.0114 0.0140 0.0160 1.2342 1.4099
ĉ 0.0187 0.0213 0.0283 1.1391 1.5135
î 0.0249 0.0736 0.1323 2.9537 5.3110
ĝ 0.0092 0.0112 0.0112 1.2176 1.2178
x̂ 0.0431 0.0440 0.0770 1.0194 1.7871
R 0.0043 0.0049 0.0059 1.1356 1.3654
π 0.0045 0.0087 0.0113 1.9404 2.5246
ue 0.0036 0.0092 0.0128 2.5834 3.6096
nd 0.0073 0.0089 0.0102 1.2162 1.3920
Rw 0.0016 0.0036 0.0037 2.2439 2.3182
Rh 0.0049 0.0058 - 1.1795 -
Re 0.0043 0.0056 - 1.3021 -

Note: 1) Volatilities are standard deviations of variables.

2) Estimated models are based on posterior modes of parameters.

3) Relative ratios are implied volatilities of models divided by volatilities of data

4) X̂ is log-deviation of a variable X
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3.5. HISTORICAL DECOMPOSITIONS

This subsection presents the historical decompositions and pays particular
attention to the global financial crisis and the recent COVID-19 pandemic crisis.
To obtain more comprehensible decomposition graphs, the shocks are grouped
into six categories: aggregate demand, aggregate supply, policy, foreign, finan-
cial, and markup shocks.

Figure 6 shows the historical shock decompositions of GDP fluctuations.
Overall, fluctuations in the GDP are driven by aggregate demand and supply
shocks. Both shocks generated GDP contractions during the global financial cri-
sis period from 2008 to 2009. Moreover, foreign shocks also had stronger neg-
ative effects on the GDP, reflecting the adverse external conditions during these
periods. Meanwhile, the positive contributions of policy shocks seem to provide
evidence of the implementation of expansionary policies in response to the crisis.

However, the aggregate supply shocks were the main driving forces during
the pandemic crisis from 2020 to 2021. The aggregate demand shocks were
rather tacit in 2020 and slowly recovered in 2021, dampening the adverse ef-
fects of the crisis. In addition, foreign shocks drastically generated short-lived
GDP contraction in the second quarter of 2020. Expansionary policy responses
were more pronounced in 2021. In sum, the global financial crisis and pandemic
crisis somewhat differ in terms of the contributions of aggregate demand shocks.

Second, the shock decompositions of the unemployment rate are less appar-
ent in making a robust assessment because the shocks’ contributions are much
less persistent, as shown in Figure 7. In addition, there is no clear distinction
between these two crises in terms of their shock contributions. Rather, there is
a similarity between these two crises, in which aggregate demand shocks and
foreign shocks are the main causes of high unemployment in the early stages
of these crises. In addition, the expansionary policy shocks are quite clear, as
the unemployment rates are suppressed downward for some consecutive periods
during both crises.

Finally, the shock decompositions of investment are examples with highly
persistent contributions of shocks, which is in stark contrast to the case of the
unemployment rate. During the normal periods of the mid-2010s, the aggregate
demand shocks were the main driving forces for investment increase, while ag-
gregate supply shocks were contractionary toward investment. Compared with
the GDP and unemployment rates, investments are much more sensitive to fi-
nancial shocks. In particular, the financial shocks were clearly adverse during
the global financial crisis, although not as much during the pandemic. Another
noticeable distinction between these two crises is that the contributions of the
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aggregate demand shocks are strongly negative during the global financial cri-
sis and mostly positive during the pandemic crisis. This is consistent with the
shock decomposition of the GDP. However, aggregate supply shocks were not
the source of GDP contractions in the early stages of the global financial cri-
sis. Nevertheless, eventually, a delayed investment response to adverse aggre-
gate supply shocks was manifested. As for the pandemic crisis, aggregate supply
shocks are the main drivers of investment contractions persistently, which is ev-
ident in Graph 8.

4. CONCLUSION

This study attempts to provide business cycle implications for the Korean
economy by identifying linkages between macroeconomic, financial, and labor
market variables in a unified framework. To this end, this study uses a DSGE
model that has a financial accelerator mechanism and involuntary unemploy-
ment along with the common features of a small open economy and those of
medium-scale New Keynesian models. The labor friction, which is often omit-
ted in standard New Keynesian models, provides an opportunity to simultane-
ously analyze the rich dynamics of labor market indicators such as employment
and unemployment rates. In addition, the fully specified model and the standard
New Keynesian model are intensively compared to make better assessments of
the performances and roles of financial friction when the Korean economy is in-
troduced to the business cycle analysis through the lens of DSGE models. Lastly,
this paper analyzes and compares two crisis episodes—the global financial cri-
sis and the COVID-19 pandemic, using the historical shock decompositions of
selected macroeconomic variables. The following is a summary of the overall
assessment.

First, the financial friction model outperforms the New Keynesian model in
terms of the implied volatilities of key macroeconomic variables. Second, the
structural shocks in the financial friction model generally have more amplifi-
cation effects on macroeconomic variables than in the New Keynesian model.
Moreover, money non-neutrality was stronger, even with lower price and wage
rigidities in the financial friction model. Third, the TFP shock induced not only
an amplified response of output but also a similar response of investment. This
result implies that the “Fisher deflationary effect,” which in general should have
a dampening effect on investment, is not strong in the estimated model, prob-
ably due to low price rigidity. Rather, the export demand channel through the
price competitiveness in the international market was amplified, leading to ex-
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pansionary investment and output. Fourth, the estimated financial friction model
weighs relatively more to the domestic shocks’ contributions toward the vari-
ance of macroeconomic variables and thus less to foreign shocks. This is in stark
contrast to the New Keynesian model, in which foreign shock contributions are
excessive. For instance, the foreign inflation shock in the estimated New Keyne-
sian model constitutes an approximately 25% variability of the output and 75%
variability of the investment.

Fifth, financial risk shocks have significant effects on investment in terms
of variance decomposition. In addition, the historical shock decomposition of
investment shows that the contraction of investment during the financial crisis
is more or less caused by adverse financial shocks. Sixth, the historical shock
decomposition of the output indicated that the global financial crisis was driven
by aggregate demand, aggregate supply, and foreign shocks. However, the recent
pandemic crisis was mostly driven by adverse aggregate supply shocks, while
the adverse foreign shock contribution was short-lived. Seventh, policy shocks
played important roles in dampening the adverse effects of shocks, especially
on output and unemployment rate. However, policy shocks did not substantially
promote investment during these crises.

The macroeconomic models developed so far have attempted to make rigor-
ous assessments of past crisis episodes, so that more efficient policy responses
can be implemented in future crises. The empirical analysis performed in this
study presents historical evidence of the Korean economy using the most up-to-
date DSGE model. The evidence in this paper should hopefully provide some
guidelines for future extensions in terms of academic research and also for po-
tential policy decisions in response to new challenges.
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Appendix.1. EQUILIBRIUM CONDITIONS

• Capital producers

kt = (1−δ )kt−1 +ξ
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• Entrepreneurs
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• Financial intermediaries
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• Equilibrium conditions of the financial friction are from (A.4) to (A.11) in
addition to (A.13). The standard New Keynesian model has the following
condition instead of those of financial friction equilibrium conditions.
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• Households’ equilibrium conditions except for labor-related variables
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• Households’ equilibrium conditions for differentiated labor service
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• Domestic intermediate goods producers
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• Composite consumption goods and investment goods
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The import cost functions, Γc
t and Γi

t , are assumed. This specification is a
friction that prevents the excess volatilities of imported goods.

• Demand functions for import and export
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Ωc
t and Ωi

t are results of derivatives of the import cost functions, Γc
t와 Γi

t .
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• Export and import distributors
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• Taylor rule by monetary authority
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X̂ implies the log-deviation of X from its own steady state.

• Government budget and long-run fiscal balance
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• Balance of payments
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• Market clearing conditions
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• Labor market-related variables
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• Various price and wage inflation rate processes

1 = θp

(
Π

χ

t−1

Πt

)1−ε

+(1−θp)Π
∗1−ε
t (A.53)

1 = θw

(
Π

χw
t−1

Πt

)1−η(
wt−1

wt

)1−η

+(1−θw)
(

Π
w∗
t

)1−η

(A.54)

1 = θM

((
ΠM

t−1
)χM

ΠM
t

)1−εM

+(1−θM)
(

Π
M∗
t

)1−εM
(A.55)

1 = θx

((
ΠW

t−1

)χx

Πx
t

)1−εx

+(1−θx)
(

Π
x∗
t

)1−εx
(A.56)

• Various price and wage dispersions
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• Prices of composites
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• Definitions of various inflation rates
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• Structural shocks of the model

Total factor productivity : logAt = ρA logAt−1 +σAε
A
t

Investment technology : logξ i
t = ρξi logξ

i
t−1 +σξiε

ξi
t

Inter-temporal preference : logυt = ρυ logυt−1 +συε
υ
t

Labor supply preference : logϕt = ρϕ logϕt−1 +σϕε
ϕ

t

Government spending : ĝt = ρgĝt−1 +(1−ρg)γgy ŷ
s
t−1 +σgε

g
t

Country risk premium : ξ bW

t = ρbwξ
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t−1 +σbwε
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Foreign demand : ŷW
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Foreign inflation : Π̂W
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Foreign interest rate : R̂W
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Markup for domestic good : µ̂t = ρµd µ̂t−1 +σµd ε
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Financial risk : σ̂ω
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)
– Financial risk shock is the shock to the volatility of the entrepreneurs’

idiosyncratic productivities.

– Financial wealth shock is the shock that is associated with the en-
trepreneurs’ survival probability.

– Markup for domestic goods can be related to the substitution elastic-
ity between the domestic intermediate goods, ε , as follows:

µt ≡
εt

εt −1

• Various functional forms assumed in the model

1. Capital utilization cost

Φ [u] = Φ1 (u−1)+Φ2 (u−1)2 (F.1)

2. Investment Adjustment Cost
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Define
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The partial derivatives associated with the above function
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3. Cost functions for the financial intermediary
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4. Imported consumption and investment goods cost functions
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Appendix.2. LINEARIZATION OF EQUILIBRIUM CONDITIONS
WITH INTEGRATION

The financial accelerator model that is specified in this study has integrals
associated with the density functions of the idiosyncratic productivities of en-
trepreneurs, which is a time-consuming computation when the software package
solves with its own function. Hence, the linearized equations are derived manu-
ally for equilibrium conditions that involve integrals with finite boundaries, such
as cut-off values. Hence, linearization of the equilibrium conditions, (A.5), (A.6),
(A.7), and (A.44), is shown below.

• Some density functions associated with the idiosyncratic productivity, ω ,
that follows the log-normal probability are illustrated.

F (ω;σ) : CDF of log-normal density

whose mean is −1
2

σ
2 and standard deviation σ

f (ω;σ) : PDF of log-normal density

µ̃ (ω̄t+1,σ
ω
t ) ≡

1
2 (σ

ω
t )2 − log(ω̄t+1)

σω
t

Φ(µ̃) : CDF of standard normal density

φ (µ̃) : PDF of standard normal density

• Necessary function forms from equilibrium conditions of entrepreneurs

G(ω̄t+1,σ
ω
t ) ≡ 1−Φ(µ̃ (ω̄t+1,σ

ω
t )) (P.1)

Γ(ω̄t+1,σ
ω
t ) ≡ ω̄t+1 [1−F (ω̄t+1,σ

ω
t )]+G(ω̄t+1,σ

ω
t ) (P.2)

• First derivatives of the two above-mentioned functions, (P.1) and (P.2)
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Γσω (ω̄t+1,σ
ω
t ) = −ω̄t+1Fσω (ω̄t+1,σ

ω
t )+Gσω (ω̄t+1,σ

ω
t )

µ̃ω̄,t = − 1
ω̄t+1σω

t

µ̃σω ,t =
1
2
+

log(ω̄t+1)

(σω
t )2



ESTIMATED LABOR AND FINANCIAL FRICTION MODEL 51

• Explicit form of the log-normal probability density function and its deriva-
tives

F (x,σω
t ) =

∫
ω̄t

0

1
xσω

t
√

2π
exp

−

(
log(x)+ 1

2 (σ
ω
t )2
)2

2(σω
t )2

dx

Fω̄ (ω̄t+1,σ
ω
t ) = f (ω̄t+1,σ

ω
t )

Fω̄ω̄ (ω̄t+1,σ
ω
t ) = fω̄ (ω̄t+1,σ

ω
t )

Fσω (ω̄t+1,σ
ω
t ) = f (ω̄t+1,σ

ω
t ) fσω (ω̄t+1,σ

ω
t )

Fω̄σω (ω̄t+1,σ
ω
t ) = fσω (ω̄t+1,σ

ω
t )

fω̄ (ω̄t+1,σ
ω
t ) = ft (ω̄t+1,σ

ω
t )

− 1
σω

t
−

(
log(ω̄t+1)+

1
2 (σ

ω
t )2
)

ω̄t+1 (σ
ω
t )2


fσω (ω̄t+1,σ

ω
t ) = f (·)

(
− 1

σω
t
+

1
σω

t

[(
log ω̄t+1

σω
t

)2

− 1
4
(σω

t )2

])

• Redefining the terms involving density functions

Θ
A (ω̄t+1,σ

ω
t ) ≡ Γ(ω̄t+1,σ

ω
t )−µeG(ω̄t+1,σ

ω
t )

Θ
B (ω̄t+1,σ

ω
t ) ≡ 1−Γ(ω̄t+1,σ

ω
t )

Θ
C (ω̄t+1,σ

ω
t ) ≡ Γω̄ (ω̄t+1,σ

ω
t )

Γω̄ (ω̄t+1,σ
ω
t )−µeGω̄ (ω̄t+1,σ

ω
t )

Θ
D (

ω̄t ,σ
ω
t−1
)

≡ µeG
(
ω̄t ,σ

ω
t−1
)

• Equilibrium conditions with redefinitions,

de
t

qtkt
= Θ

A (ω̄t+1,σ
ω
t )

Rk
t+1

Re
t

0 = Et

{
Θ

B (ω̄t+1,σ
ω
t )

Rk
t+1

Re
t

−Θ
C (ω̄t+1,σ

ω
t )

nwt

qtkt

}

Vt =
(
1−Θ

D (
ω̄t ,σ

ω
t−1
)) Rk

t

Πt
qt−1kt−1 −

Re
t−1

Πt
de

t−1

yd
t = cd

t + idt +gt +
1
ξ i

t
Φ [ut ]kt−1 +

ΘD
(
ω̄t ,σ

ω
t−1

)
Rk

t qt−1kt−1

Πt
+ xt
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• Linearizing the equilibrium conditions

d̂e
t − q̂t − k̂t = R̂k

t+1 − R̂e
t +

ΘA
ω̄ (ω̄,σω)

ΘA (ω̄,σω)
ω̄ ˆ̄ωt+1 +

ΘA
σω (ω̄,σω)

ΘA (ω̄,σω)
σ

ω
σ̂

ω
t

R̂k
t+1 − R̂e

t +
ΘB

ω̄ (ω̄,σω)

ΘB (ω̄,σω)
ω̄ ˆ̄ωt+1 +

ΘB
σω (ω̄,σω)

ΘB (ω̄,σω)
σ

ω
σ̂

ω
t

= n̂wt − q̂t − k̂t +
ΘC

ω̄
(ω̄,σω)

ΘC (ω̄,σω)
ω̄ ˆ̄ωt+1 +

ΘC
σω (ω̄,σω)

ΘC (ω̄,σω)
σ

ω
σ̂

ω
t

VV̂t =
Rk

Π
qk
[(

1−Θ
D)(R̂k

t − Π̂t + q̂t−1 + k̂t−1

)
−
(
Θ

D
ω̄ ω̄ ˆ̄ωt +Θ

D
σω σ

ω
σ̂

ω
t−1
)]

− Re

Π
de (R̂e

t−1 − Π̂t + d̂e
t−1
)

yd ŷd
t = cd ĉd

t + id îdt +gĝt + xx̂t + kΦ1ût

− Rk

Π
qk
[
Θ

D
(

R̂k
t − Π̂t + q̂t−1 + k̂t−1

)
+
(
Θ

D
ω̄ ω̄ ˆ̄ωt +Θ

D
σω σ

ω
σ̂

ω
t−1
)]

• Derivatives

Θ
A
ω̄ (ω̄,σω) = 1−F (ω̄,σω)−µeω̄ f (ω̄,σω)

Θ
A
σω (ω̄,σω) = Γσω (ω̄,σω)−µeGσω (ω̄,σω)

= −ω̄Fσω (ω̄,σω)+(1−µe)Gσω (ω̄,σω)

Θ
B
ω̄ (ω̄,σω) = −Γω̄ (ω̄,σω)

= F (ω̄,σω)−1

Θ
B
σω (ω̄,σω) = −Γσω (ω̄,σω)

= ω̄Fσω (ω̄,σω)−Gσω (ω̄,σω)

Θ
D
ω̄ (ω̄,σω) = µeGω̄ (ω̄,σω)

Θ
D
σω (ω̄,σω) = µeGσω (ω̄,σω)

Θ
C (ω̄,σω) =

Γω̄ (ω̄,σω)

Γω̄ (ω̄,σω)−µeGω̄ (ω̄,σω)

=
1−F (ω̄,σω)

1−F (ω̄,σω)−µeω̄ f (ω̄,σω)
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Θ
C
ω̄ (ω̄,σω) = − f (ω̄,σω )

1−F(ω̄,σω )−µeω̄ f (ω̄,σω )

− (1−F(ω̄,σω ))(− f (ω̄,σω )−µe f (ω̄,σω )−µeω̄ fω (ω̄,σω ))

(1−F(ω̄,σω )−µeω̄ f (ω̄,σω ))2

= −ΘC (ω̄,σω) f (ω̄,σω )
1−F(ω̄,σω )

−ΘC (ω̄,σω) − f (ω̄,σω )−µe f (ω̄,σω )−µeω̄ fω (ω̄,σω )
1−F(ω̄,σω )−µeω̄ f (ω̄,σω )

Θ
C
σω (ω̄,σω) = − Fσω (ω̄,σω )

1−F(ω̄,σω )−µeω̄ f (ω̄,σω )

− (1−F(ω̄,σω ))(−Fσω (ω̄,σω )−µeω̄ fσω (ω̄,σω ))

(1−F(ω̄,σω )−µeω̄ f (ω̄,σω ))2

= −ΘC (ω̄,σω) Fσω (ω̄,σω )
1−F(ω̄,σω )

−ΘC (ω̄,σω) −Fσω (ω̄,σω )−µeω̄ fσω (ω̄,σω )
1−F(ω̄,σω )−µeω̄ f (ω̄,σω )
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Appendix.3. PRIOR AND POSTERIOR DISTRIBUTIONS

Figure 9: Prior and posterior distributions I
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1. Black solid lines are posterior distributions and blue dotted lines are prior distributions.
2. Posterior distributions are based on second half of five million MCMC draws.
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Figure 10: Prior and posterior distributions II
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1. Black solid lines are posterior distributions and blue dotted lines are prior distributions.
2. Posterior distributions are based on second half of five million MCMC draws.



56 TAE BONG KIM

Figure 11: Prior and posterior distributions III
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1. Black solid lines are posterior distributions and blue dotted lines are prior distributions.
2. Posterior distributions are based on second half of five million MCMC draws.
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Figure 12: Prior and posterior distributions IV
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2. Posterior distributions are based on second half of five million MCMC draws.
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Appendix.4. ESTIMATION RESULTS OF THE NEW KEYNESIAN
MODEL
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Appendix.5. IMPULSE RESPONSE FUNCTIONS

Figure 13: IRFs to intertemporal preference shock, ευ
t
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables: interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 14: IRFs to intratemporal preference shock, ε
ϕ

t
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 15: IRFs to government spending shock, ε
g
t
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 16: IRFs to country premium shock, ε
bw
t
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 17: IRFs to foreign demand shock, εyw
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 18: IRFs to foreign inflation shock, επw
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 19: IRFs to financial wealth shock, εζ
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables: interest rates, inflation rates, and labor market indicators.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 20: IRFs to price markup shock, ε
µd
t
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables: interest rates, inflation rates, and labor market indicators.
Blue dash-dotted lines are IRFs of the New Keynesian model.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 21: IRFs to deposit interest rate shock, ε
ξh
t
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Figure 22: IRFs to loan interest rate shock, ε
ξe
t
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1. Black solid lines are posterior median IRFs.
Red dotted lines are Bayesian credible intervals with lower bound, 10%, and upper bound, 90%.
Black dashed lines are the steady state levels of selected variables; interest rates, inflation rates, and labor market indicators.

2. Units on y-axis may differ across variables: % is percentage in levels, % deviation is log-deviation from steady states and Annualized
% is percentage per annum.
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Appendix.6. HISTORICAL SHOCK DECOMPOSITIONS OF
VARIABLES

Figure 23: Smoothed historical shocks
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