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본 논문은 정부지출 충격이 소비에 관한 효과를 분석하기위해 자기회기분석 방법 

(vector autoregression)과 동적균형모형 (dynamic stochastic general 

equilibrium)을 사용하였다. 우선 한국과 미국 두 나라에 대하여 정부지출, 소비 그

리고 국내 총생산에 대해서 자기회기분석을 하여 정부 지출에 충격이 있는 경우 소

비의 반응의 분석하였다. 이 경우 두 나라의 경우 모두 소비가 증가하는 것으로 나

왔으면 이 를 이론적으로 보안하기 위해서 케인즈 모형에 입각한 동적균형모형을 

만들어서 정부지출 충격이 발생하였을 때 소비가 증가함을 두 가지의 노동시장의 

경우를 가정하여 보여주었다.



The paper follows several steps to discuss the effect of government 

spending on consumption. First, for the empirical part, by using vector 

autoregression on government spending, consumption, and gross domestic 

product, the paper shows that consumption rises as a result of a positive 

government spending shock both in Korea and U.S. Then, based on a  New 

Keynesian model with exogenously determined rule-of-thumb households, 

the paper introduces a dynamic stochastic general equilibrium model with 

endogenously determined rule-of-thumb households to provide an alternative 

to account for the existing empirical evidence of the effects of government 

spending on consumption.
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Chapter 1

Introduction

How would consumption respond to a change in government spending? Due

to its substantial policy implications, the question has become essential to

macroeconomics. Almost every macroeconomic model predicts that increase

in government spending would have an expansionary effect on output, but

the effect on consumption is not clear. Although there are few insightful

models and empirical studies that both simulate or predict the response,

there is no widespread agreement on this matter. For example, the stan-

dard RBC models and new Keynesian models imply different qualitative

prediction. According to the standard RBC model, households consump-

tion choice is based on an intertemporal budget constraint. Under this

premise, an increase in government spending means a rise in future tax rate

imposing a negative wealth effect on typical households, thus lowering the

consumption choice today. On the other hand, new Keynesian models fea-

ture non-Ricardian households whose consumption choice is purely based on

intratemporal decision. This type of households consumes certain fraction of

their current disposable income and disregards predictable upcoming event.

Accordingly, an increase in government spending would ambiguously affect

consumption.
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It seems that the empirical evidence favors new Keynesian models. Based

on the standard vector autocorrelation (VAR) approach, Blanchard and Per-

otti (2002) and Fatás and Mihov (2001) show that consumption rises sig-

nificantly as a result of an exogenous increase in government spending (we

will look into other studies later on). Inspired and fueled by the empirical

finding, Gaĺı, López-Salido and Vallés (2007) introduced a new Keynesian

model with exogenously determined ‘rule-of-thumb’ household. The faction

λ of households behave as rule-of-thumb households and the fraction (1−λ)

of households act as traditional Ricardian consumers. Following Campbell

and Mankiw(1989), they assume that rule-of-thumb consumers are unable

to save nor have access to a financial market. By introducing a type of

households substantially deviating from permanent income hypothesis and

incompleteness of labor market, they show that consumption rises as a re-

sponse of an increase in government spending. Additionally, both hours

worked and real wage rise which are in a line with empirical results from

Fatas and Mihov (2001).

Throughout the paper, we are going to follow the new Keynesian model

which Gaĺı, López-Salido and Vallés (2007) produced. However, this paper

is fundamentally different in a way that this model deviates from exogenous

rule-of-thumb households by introducing endogenously determined default

choice in the framework. Instead of assigning random ratio of exogenous

rule-of-thumb households, the paper introduces an economy where house-

holds decide whether to default or not based on their optimization condi-

tions. Once households default, they are blocked from financial market (be-

come rule-of-thumb households) and the rest of them behave as optimizing

households.

This paper shows that this alternative model has a similar result as a
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model from Gaĺı, López-Salido and Vallés (2007). The papers organization

is as follow, section 2 explains basic VAR framework. Section 3 and 4 discuss

previous studies and result of VAR in U.S and Korea economy respectively.

Section 5 discusses baseline model and section 6 lay the model with endoge-

nously determined rule-of-thumb households. Finally, Section 7 summarizes

the main findings and directions for further research.
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Chapter 2

VAR

Before we get to the empirical results, I would like to discuss a few

things about VAR and its identification problem. There have been many

VAR studies about the effects of fiscal policy on economic activities. Many

of them differ in identification issue. In this section, four major identification

methodologies including the one used for this paper will be explained.

2.1 VAR

Vector autoregression (VAR) models have a long history of analyzing time

series. Due to their linear structural form, they are relatively easy to work

with both theory and practice. VAR models have gained popularity for an-

alyzing economic data since Sims (1980) advocated them as alternatives for

simultaneous equations models which was widely used prior to 1950. Sims

(1980) argues the problem of identification in simultaneous equation mod-

els for containing both lagged dependent variables and serially correlated

residuals. In VAR models, all observed variables are treated as a priori

endogenous thus statistical procedures are used for imposing restrictions.

They are one of the most widely used models used to capture the linear

interdependencies in time series analysis. It has proven to be useful for de-
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scribing the dynamic behavior of economic time series. Especially for the

issue of relationship between government spending and consumption, vari-

ety of papers used VAR technique to show the interdependencies.

A VAR model describes the evolution of a set of k variables over the same

sample period as a linear function. It is necessary to distinguish between a

structural form and a reduced VAR.

A structural VAR with ρ lags takes the form

A0Yt = A1Yt−1 +A2Yt−2 + ...+AρYt−ρ +Bϵt

where Yt is k dimensional variables and ϵ is structural shocks which satisfy

1. E[ϵt]=0

2. E[ϵtϵ
′
t]=σ

2
u

3. E[ϵtϵ
′
s]=0 for s̸=t

By premultiplying the structural VAR with the inverse A0,

Yt = A−1
0 A1Yt−1 +A−1

0 A2Yt−2 + ...+A−1
0 AρYt−ρ +A−1

0 Bϵt

After arrange the above equation, we have a reduced form-VAR model can

be expressed as

Yt = A(L, q)Yt−1 +A0Ut

where A(L, q) is a lag polynomial.

Ut is the corresponding vector of innovations which satisfy the following

conditions

1. E[Ut]=0

2. E[UtU
′
t ]=σ

2
u

3. E[UtU
′
s]=0 for s̸=t
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2.2 The Recursive Approach

Used by Fatás and Mihov (2002), the recursive approach identify A0 to

be a k-dimensional identity matrix and restricts A0 to be a lower triangu-

lar matrix. The decomposition of the variance-covariance matrix is
∑

u =

A−1
0

∑
ϵ(A

−1
0 )′1 , obtained from the Cholesky decomposition. This approach

implies a casual ordering of the model variables. That is, if Yt is a three

dimensional vector (a, b and c), the relationship between the reduced-form

disturbances ut and the structural disturbances ϵt takes the below form. 1 0 0
−aba 1 0
−aca −acb 1

Ua
t

U b
t

U c
t

 =

1 0 0
0 1 0
0 0 1

ϵatϵbt
ϵct


It implies that a is ordered first, b is ordered second and c is ordered last.

2.3 The Blanchard Perotti Approach

The identification approach used by Blanchard and Perroti(2002) relies on

institutional information. Unlike the recursive approach, the relationship

between the reduced form disturbances ut and the structural disturbances

ϵt is

uat = a1u
c
t + a2ϵ

b
t + ϵat

ubt = b1u
c
t + b2ϵ

a
t + ϵbt

uct = c1u
a
t + c2u

b
t + ϵct

In order to identify the above system, Blanchard and Perroti used two-step

procedures. In the first step, institutional information is used to identify a1,

a2, b1, b2, c1 and c2. Then, estimates of particular shock is identified. We

1See, e.g., Lütkepohl(2005)
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can also write them in a matrix form. 1 0 −a1
0 1 −b1

−c1 −c2 1

Ua
t

U b
t

U c
t

 =

 1 a2 0
b2 1 0
0 0 1

ϵatϵbt
ϵct


2.4 The Sign-Restriction Approach

This approach is used in Mountford and Uhlig (2005). It identifies a business

cycle shock, a monetary policy shock, a government spending shock and tax

shock, and imposes sign restrictions on the impulse response.MountFord and

Ulig decompose matrix A0 into two components, A0=PQ, where P is the

lower triangular Cholesky factor of
∑

u and Q is an orthonormal matrix

satisfying QQ’=I. Unlike the recursive approach where matrix P is used

to identify the structural shocks, The sign-restriction approach uses matrix

Q because it conveys information on weights of each particular structural

shock.2

2.5 The Ramey-Shapiro approach

Following the work of Ramey and Shapiro (1998), Wendy Edelberg, Martin

Eichenbaum and Jonas D.M Fisher (1998) and(2005), this approach avoid

the identification problem in structural VAR analysis by specifying partic-

ular events such as the Korean war, the Vietnam war and Reagan military

buildup and 9/11.The baseline reduced-form VAR model is altered to below

Yt = A(L, q)Yt−1 +Φ(L)Dt +A0Ut

where,Φ(L) is a k-order lag polynomial and Dt is specified dummy date. 3

2More detail will be presented in the following literature overview section. One can
also refer to Mountfordand and uhlig(2005: Appendix A)

3More detail will be presented in the following literature overview section.
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Chapter 3

Empirical Results from U.S

3.1 Literature Overview: U.S

In this section, several major empirical studies based on the above identifi-

cation methodologies are being discussed in detail.

We will first look at the study done by Ramey and Shapiro (1998). Their

interest is in the military spending which counts for about one-fifth of to-

tal government purchase. There are two reasons why they picked military

spending; first, demand on private-sector resources from a military buildup

is heavily concentrated in the manufacturing sector and second, it occur

unexpectedly so that they can be modeled as shocks. They used U.S data

from 1947:1-1996:4 with three specific large military buildups (Korean War,

Vietnam War and the Carter-Reagan buildup). They omit the second World

War due to the patriotism on labor supply and the effects of price controls.

They used narrative approach 1 similar to the one used by Hamilton (1985)

for oil shock and by Romer and Romer (1989) for monetary shocks). They

constructed a military buildup dummy variable taking unity in the following

1Reading narratives around the time of the events gives an indication of expectations
about the future defense spending. They used information from historical accounts such
as Business Week, which gave them exact dates of events
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dates: 1950:3, 1965:1 and 1980:1 and zero otherwise. They constructed a

univariate autoregressive model with the military buildup dummy as exoge-

nous regressors. Their reduced form VAR is as follow

Yt = α0 + α1t+ α2(t ≥ 1973 : 2) +
8∑

i=1

biyt−i +
8∑

i=0

ciDt−i + ϵt,

,where Yt is a vector of endogenous variables and Dt is dummy for military

buildup 2 and et represent reduced form disturbance. They used a Perron

(1987) type of time trend: different time trend from 1947 to 1973:2 and

from the rest. To obtain estimates of the impact of a military buildup, they

estimated the regression for each of the variables3 ,then simulate the impact

of the military shock variable taking the value of unity.4 They found that

increase in government purchase including military spending lowers prod-

uct wages, consumption and manufacturing productivity which is consistent

with neoclassical models such as the work of Hall (1980), Barro (1981,1989),

Ashauer and Greenwood (1985), Mankiw (1987), Aiyagari, Christiano and

Eichenbaum (1992), Christiano and Eichenbaum (1992), Baxter and King

(1993) and Finn (1995)

Cavallo(2005) and Wendy Edelberg, Martin Eichenbaum and Jonas D.M

Fisher (1999) use the similar approach using U.S quarterly data from 1948:1-

1993:4. They investigate the consequence of an exogenous increase in U.S

government purchases using Ramey-Shapiro dates (1950:3, 1965:1 and 1980:1)

5 They found the similar result as Ramey and Shapiro (1998). Output non-

2The P-value for the F-test of the joint significance of the military buildup dates vari-
ables is 0.003

3Following Rotemberg and Woodford (1992), they identify government shock with the
residuals in a simple ordinary least squares regression below.

zt = γ(L)Dt + ϵt

,where zt is any particular variable
4This approach will give the impact of average large military shock
5They used narrative evidence of anticipated military buildups just like in Ramey and
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residential investment rises while consumption and residential investment

decline.

Fatás and Mihov (2001) compares the dynamic impact of fiscal policy

on macroeconomic variables. They compared the empirical results they find

with the basic RBC model proposed and modified by Ludvigson (1996).

Their focus was the correlation between work hours and productivity. A

standard RBC model predicts the negative correlation between the two and

they show in the paper that increase in government spending lowers real

wage and increases labor supply. However, while the theory also predicts

negative correlation between employment and consumption, they found that

both employment and consumption move the same direction from the gov-

ernment spending shock. They collected U.S quarterly data from 1960:1 to

1996:4 including T-bill rate, real government spending and taxes net of trans-

fers. Instead of finding the contemporaneous relationship between endoge-

nous variables, they left them unrestricted following the traditional semi-

structural VAR literature 6 (Bernanke and Blinder (1992) and Bernanke

and Mihov (1998)). Their framework can be summarized as follow

Yt =
k∑

i=0

BiYt−i +
k∑

i=0

CiPt−i +AiU
y
t

Pt =

k∑
i=0

DiYt−i +

k∑
i=1

giPt−i + Up
t

where Yt represents non-policy variables and Pt represents the policy vari-

able (government spending). A,B,C,D and g imply the relevant coefficient

matrix. Equating D=0 means that the policy variable is ordered first. Their

Shapiro (1998)
6This approach is also known as Recursive VAR methodology based on the Cholesky

decomposition (Sims (1980))
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VAR impulse response shows that positive innovations in government spend-

ing are followed by strong and persistent increase in consumption, employ-

ment, and output.

Apart from using Ramey-Shapiro narrative approach, Blanchard and

Perotti (2002) uses a mixed structural VAR approach with differentiated

time trends as deterministic or stochastic 7. Their data is from 1947:1 to

1997:4. They used institutional information about tax and transfer system

for the identification. Their basic reduced form VAR specification is

Yt = A(L, q)Yt−1 + Ut

where Yt =[(T)tax, (G)government spending, (X)output]’. Their identifi-

cation scheme is based on three linear equations among tax, government

spending and output, namely

tt = a1xt + a2e
g
t + ett

gt = b1xt + b2e
t
t + egt

xt = c1tt + c2gt + egt

They use institutional information and assumption to find a1, a2, b1, b2, c1

and c2. For example, They assume that the government spending is exoge-

nous process which does not get affected other macro economic variables,

meaning b1 is assumed to be zero. Using the information about the elasticity

of tax in OECD countries (Giorno et al. (1995)), they set a1 to be value

between 1.7 to 2.2(they use the mean value (2.08)). For c1 and c2, they

regress xt on tt and gt. For the last two variables (a2 and b2), they assume

7They considered both cases since both Augmented Dickey-Fuller and Philips-Perron
test do not speak strongly on whether the time series variable have stochastic or deter-
ministic trend
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both cases 8where tax decision comes first (implying a2=0) then estimate b2

and where government spending decision comes first (meaning b2=0) then

estimate a2. Their impulse response show that output rises more under

deterministic trend.

Florian Höppner (2001) analyzed the effects of fiscal policy in Germany

based on a structural VAR approach. Using German quarterly data from

1970:1 to 2000:4, the paper estimate the reaction of private consumption.

The paper uses the same VAR specification that Blanchard and Perotti

(2002) uses. Specifically, the structural equations can be written as

utt = a1u
y
t + ett

ugt = egt

uyt = c1u
t
t + c2u

g
t + eyt

uct = d1u
t
t + d2u

g
t + d3u

y
t + ect

,where t=tax, g=government spending, y=output, and c=consumption. The

paper finds the coefficient matrix using the institutional information and a

few assumptions. The estimated VAR impulse response shows that con-

sumption moves positively to the government spending shock.

Morten O.Ravn, Stephanie Schmitt-Grohé and Martin Uribe (2007) uses

panel structural VAR analysis from four industrialized countries includ-

ing United states, United Kingdom, Canada and Australia from 1975:1 to

2005:4. They use pooled quarterly data 9 from the above countries and

they assume that the countries have the same contemporaneous relation-

ship among variables of interest. Following Blanchard and Perotti (2002),

8They found that the estimates of a2 and b2 makes little difference to the impulse
response of output in two different cases

9they argue that the reason for using pooling data is to gain efficiency and to obtain a
single benchmark VAR result.
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they assume that government spending is affected by other macroeconomic

variables with at least one quarter lag except for its own shock innovation.

The structural form VAR is

AYt = B(L)Yt−1 + ϵt

where Yt=[government spending, output, consumption, net export, and ex-

change rate]’. Matrix A contains unity in its first element and zeros in all

other. They document that an increase in government purchases leads to

an expansion in output and private consumption while real exchange rate

depreciates.

The VAR analysis methodology employed by Mountford and Uhlig (2009)

is differentiated from the above literatures. They argue that there is no such

thing as a fiscal policy shock ”per se”. Instead, it encompasses a wide variety

of policies. They identify three types of fiscal policy shocks; a revenue shock,

where government revenues and deficits change while the government spend-

ing is fixed, a deficit spending shock, where increase in government spending

is entirely deficit financed, and balanced budget spending shock, where an

increase in government spending is tax-financed. They avoid relying on the

instantaneous responses of fiscal variables which are typically done in the

other VAR identification methods. The reduced VAR that they use takes

the form below

Yt =
L∑
i=1

BiYt−i + ut, t = 1, ...T, e[utu
′
t] = Σ

where Yt are k-dimensional vectors, L is the lag length of the VAR, Bi are k

by k coefficient matrices and ut is the disturbance. The identification prob-

lem rises in transforming reduced form disturbance term ut into fundamental

shocks ϵt. They assume that all shocks are mutually orthogonal and nor-

malized to be of variance 1. Thus E[ϵtϵ
′
t] = Ik. Identification of these shocks
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amounts to identifying a matrix A, such that ut = Aϵt and AA
′ =

∑
. They

did not use Cholesky decomposition as in Fatás and Mihov (2001) or use

institutional or structural information as in Blanchard and Perotti (2002).

Instead they used method of Uhlig (1997) and identifies three fundamental

shocks which is required to identify impulse matrix [a(1), a(2), a(3)] 10then all

of A. The impulse matrix [a(1), ...., a(n)] can be written as

[a(1), ...., a(n)] = ÃQ

where Ã is the lower triangular Cholesky factor Ã of
∑

and Q is set of sub-

matrix of orthonormal rows q(i) ,satisfying Q = [q(1), ...., q(n)] (QQ′) = In. It

follows that a particular column of Q is Q = q(s) = Ã−1a(s). Then, they de-

fine rji(m) as the impulse response of the jth variable at horizon k to the jth

column of Ã, and k dimensional column vector ri(m) as [r1i(m), ..., rki(m)].

Then the m dimensional impulse response ra(k) at horizon m to the impulse

vector a(s) is given by

ra(m) =
m∑
i=1

qiri(m)

The identifying restriction that the impulse responses of the j-th variable to

an impulse vector a for the first four periods are zero, can be written as a

restriction on the vector q such that 0 = Rq. Where R is a four by k matrix

of the form

R =

 rj0 . . . rjk(0)
...

. . .
...

rj1(3) . . . rjm(3)


Then, they define function f on the real line per f(x) = 100x if x ≥ 0 and

f(x)=x if x ≤ 0. Let sj be the standard error of variable j and Js,+ be the

index set of variables, for which identification of a given shock restricts the

10[a(1), ...., a(n)] is the first n column of A. More detail can be found in Mountford and
Uhlig (2002) Appendix A.
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impulse response to be positive and let Js,− be the index set of variables,

for which identification restricts the impulse response to be negative. To

impose the additional identifying inequality sign restrictions beyond the zero

restrictions of the eqaution 0 = Rq, they solve

arg min
a=Ãq,Rq=0

Ψ(a)

where

Ψ(a) =
∑

j∈JS,+

3∑
k=0

f(−rja(m)

sj
) +

∑
j∈JS,−

3∑
k=0

f(
rja(m)

sj
)

To identify an impulse matrix [a(1), a(2)] ,where first shock corresponds

to a business cycle shock and the second one corresponds to a fiscal policy

shock, first identify the business cycle shock

a(1) = Ãq(1)

in the way described above then identify the second shock a(2) using the the

above minimization problem.

arg min
a=Ãq,Rq=0,q′q(1)=0

Ψ(a)

note that addition orthogonality condition to the first shock is imposed.

Then, using the two restrictions condition (Rq = 0, q′q(1) = 0) it can be

written as

0 = R̃q

where (̃R)′ = [q(1), R′]. Similarly, if the two shocks (the business cycle shock

and the monetary policy shock), impose the below restrictions.

a(1) = Ãq(1)

a(2) = Ãq(2)
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and solve

arg min
a=Ãq,Rq=0,q′q(1)=0,q′q(2)=0

Ψ(a)

They followed the same pattern for other shocks. They used U.S quarterly

data from 1955:1 to 2000:4 including GDP, private consumption, total gov-

ernment expenditure, total government revenue, private residential invest-

ment, private non-residential investment, interest rate, adjusted reserves, the

producer price index and the GDP deflator. They find that consumption

weakly rises depending on the imposed restrictions.

Jordi Gaĺı, J. David López-Salido, Javier Vallés (2007) collected U.S

quarterly data from 1948:1-2003:4. Following Blanchard and Perotti (2002)

and Fats and Mihov (2001), they identify exogenous shocks to government

spending by assuming government spending is predetermined relative to

other variables included in the VAR. They found that a positive shock to

government spending leads to persistent rise in consumption, output, hours

and real wage.

We have look at several VAR empirical studies. Table 3.1 summarizes

identification methods and results of them.
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Author Data VAR Specification Scheme Response from
a positive

government shock
Ramey U.S Data Ramey-Shapiro narrative Consumption does
Shapiro 1947:l-1996:4 Approach using specific
(1997) dates: Korean war, Vietnam War not change.

Carter-Reagan build-up
Wendy Edelberg U.S Data Ramey-Shapiro narrative Consumption falls.

Martin Eichenbaum 1948:1-1993:4 Approach using specific
Jonas D.M Fisher dates: Korean war, Vietnam War

(1998, 2005) Carter-Reagan build-up
Antonio Fatás U.S Data The Recursive approach Consumption rises
Ilian Mihov 1960:1-1996:4 using Cholesky Real wage falls.

(2001) decomposition Labor supply rises.
Oliver Blanchard U.S Data The Blanchard Perotti Output rises with
Roberto Perotti 1947:1-1997:4 approach using government spending

shock
institutional information Output is negatively

(1998, 2002) of transfer and tax related with positive
system tax shock.

Florian Höppner German Data The Blanchard Perotti Output rises.
(2001) 1970:1-2000:4 approach with consumption

Gernot J. Müller U.S Data The Blanchard Perotti Consumption rises.
(2004) 1973:1-2003:4 approach with consumption, Nominal exchange rate

terms of trade, and depreciates.
exchange rate The terms of trade

appreciates.
Florin O Bilbiie U.S Data The Recursive approach Consumption rises.
André Meier 1957:1-1979:2 using Cholesky decomposition Real wage rises.

Gernot J. Müller 1983:1-2004:4
(2006)

Jordi Gali U.S Data The Recursive approach Consumption rises.
J.David López-Sallido 1948:1-1993:4 using Cholesky decomposition Wage rises.

Javier Vallés labor rises.
(2007)

Morten O.Ravn U.S The Blanchard Perotti Consumption rises.
Stephanie Schmitt-Grohé UK. approach using Real exchange rate

Martin Uribe CA pooled institutional information depreciates.
(2007) AU Data

Hafudh Bouakez U.S Data The Recursive approach Consumption rises.
Nooman Rebei 1948:1-2005:4 using Cholesky decomposition

1975:1 to 2005:4
(2007)

Raffaela Giordano Italy Data Blanchard Perotti approach Consumption rises.
Sandro Momigliano 1982:1-2004:4 using institutional information Wage goes up.

Stefano Neri in Italy Employment rises.
Roberto Perotti

(2007)
Dario Caldara U.S Data Blanchard Perotti approach Output rises.

Christophe Kamps 1955:1-2006:4 Ramey-Shapiro approach Consumption rises.
(2008) The sign-restriction approach Real wage rises.

The Recursive approach
Andrew Mountford U.S Data The sign-restriction approach Consumption rises

Harald Uhlig 1955:1-2000:4 by imposing signs to identify in particular cases.
(2005, 2009) multiple shocks

Valerie A Ramey U.S Data Ramey-Shapiro approach Consumption falls.
(2011) 1939:1-1946:4 using specific dates: Real wage falls.

1947:1-2008:4 Korean war, Vietnam war,
Carter-Reagan build-up and 9/11

Table 3.1: The Review of VAR literature
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3.2 VAR Analysis

For the VAR analysis in this paper, I have used the recursive approach.

This approach is used in Fatás and Mihov(2001) and Gali, López-Salido and

Vallés(2007). The reduced form VAR specification is as follow.

Yt = A(L, q)Yt−1 + Ut

where

Yt =


g spending
consumption

gdp
deficit


Yt is an four-dimensional vector of government spending, consumption, out-

put and deficit. A(L, q) is a lag polynomial up to four quarter 11 allowing for

coefficients at each lag to depend on the particular quarter. Pre-multiplying

the above equation by A0, where A0 is the contemporaneous relation among

the variables in vector Y, matrix gives the structural form

A0Yt = A0A(L, q)Yt−1 +A0Ut

where A0Ut = Bet. This describes the relationship between the structural

disturbances et and the reduced form disturbances Ut

Under this approach, A0 is a lower triangular matrix with unit diagonal

elements. This implies that the relation between the reduced-form distur-

bances Ut and the structural disturbance et takes the following form (the

decomposition is obtained from the Cholesky decomposition).
1 0 0 0
acg 1 0 0
ayg ayc 1 0
adg adc ady 1



Ug
t

U c
t

Uy
t

Ud
t

 =


1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1



egt
ect
eyt
edt


11Choosing a lag length of four quarter is from Blanchard and Perotti(2002). Mountford

and Uhlig (2005) also found that adding more lags does not affect the VAR result.
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This ordering of variables have the implication that government spending

does not react contemporaneously to shocks to other variables (government

spending shock is purely exogenous).

3.3 The Data

I have collected quarterly U.S data over the period 1954:4 to 2011:3 from

the FRED database. The Data include government spending (government

consumption expenditures + government gross investment), consumption

(Personal consumption expenditures (non-durable goods + services), GDP

(gross domestic product), Hours (average weekly hours of production and

non-supervisory employees: manufacturing), investment (gross private do-

mestic investment), disposable income (disposable personal income) and real

wage (non-farm business sector:real compensation per hour). All quantita-

tive variables are divided by noninstitutional population and log normalized

and in real term.

3.4 Impulse Responses

Figures 3.1 and 3.2 show four-variable VAR and eight-variable VAR 12 re-

spectively. Four variable and Seven variable VAR analysis are very much

alike. An increase in government spending significantly rises consumption.

As predicted in many existing theories, output rises from the shock. Both

disposable income and real wage respond positively to the shock implying

12Eight-variable VAR include government spending, consumption, output, investment,
hours worked, real wage and deficit. The same identification is used.
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Figure 3.1: The effects of a government spending shock on consumption
(four-variable VAR)

Figure 3.2: The effects of a government spending shock on consumption
(eight-variable VAR)
Confidence intervals correspond to a unit standard deviations of empirical

distributions based on 1,000 boots-trapping.
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that for households rise in government spending is similar to having a pos-

itive wealth shock. This explains why consumption rises. Investment does

not seem to respond or decreases in the analysis. This finding is similar

to the results from Fatás and Mihov (2001), Blanchard and Perotti (2002),

Gaĺı, López-Salido and Vallés (2005) which use either the recursive approach

or Blanchard-Perotti approach identification13and to a lesser extent, Mount-

ford and Uhlig (2005) which uses sign-restriction approach.

However, it is not agreeable with findings from Ramey and Shapiro

(1998) whose identification method is based on Ramey-Shapiro approach.

According to them, Consumption either falls or does not get affected by

government spending shock. The main advantage of this method is that it

does not require to make arbitrary assumptions for the identification. Nev-

ertheless, it has a few draw backs. As Fatás and Milhov (2001) discussed,

increase in government spending might not be fully anticipated at the par-

ticular war events and when war events are treated asymmetrically, it lead to

different dynamics of consumption. Additionally, Perotti(2004) argues that

the war shocks might be polluted by presence of other fiscal policy shock or

other unobservable events.

From the variety of VAR studies based on three different identification

methods (including the analysis in this paper) and the argument on Ramey-

Shapiro approach, we have good reasons to believe that consumption is likely

to increase as a response of government spending innovation. For the next

section, we are going to see the VAR literature and results from Korea.

13This identification approach is used in Blanchard and Perotti (2002) and many other
empirical VAR studies. This method replies on institutional information about tax and
transfer system on the responsiveness of fiscal shocks. It required two steps. In the
first step, the institutional information is used to estimate cyclically adjusted taxes and
government spending.In the second step, estimates of fiscal policy is obtained.
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Chapter 4

Empirical Result from Korea

4.1 Literature Overview: Korea

Most Korean literatures that analyze the effectiveness of fiscal policy use

VAR method. They differ by identification method and specification of

data and they do have consensus on the result. Jong-Koo Park (1995) and

Ha-Seob Park and Jong-Soo Choi (1997) and use Cholesky decomposition to

identify the shock. They found that consumption rises as response from gov-

ernment spending shock. Hur, Seok-Kyun (2007) conducted VAR analysis

of Korea using three different identification methodologies. Their reduced

form VAR takes the form

Xt = A(L)Xt−1 +Dt + Ut

where Xt = [Tt, Gt, Yt]
′ and Ut = [utt, u

g
t , u

y
t ] (T=tax, G=government spend-

ing and Y=output). The disturbance term Ut is defined as 1 −α2 −α3

−β1 1 −β3
−γ1 −γ2 1

utt
ugt
uyt

 =

a1 a2 a3
b1 b2 b3
c1 c2 c3

ett
egt
eyt
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where Et[ete
′
t] = It as many VAR literatures assume. The first approach

the paper uses is Choleksy decomposition 1 . As described above, under this

approach, the relationship between the disturbance and the shock can be

written as the below

1 0 0
0 1 0
0 0 1

utt
ugt
uyt

 =

a1 a2 a3
b1 b2 0
c1 c2 c3

ett
egt
eyt


For other identifications, the papers includes three additional restrictions

to make the model just-identifiable by using Blanchard and Perotti (2002)

2. The paper finds that the government fiscal policy does not have strong ef-

fect on output. The paper provides three explanation: The possibility that

fiscal policy lacks ability to adjust business cycle as Neo-Classical theory

predicts 3,there could be omitted variable or non-linear relationship among

the macro economic variables and lack of observations 4.

Seong-Suhn Kim (2007) analyze the effects of fiscal policy by using a

structural vector autoregression model using Korean data from 1994:1 to

2006:4. The reduced form VAR is the below

Yt = D +
m∑
s=1

CsY (t− s) + U(t)

where Yt is a five dimensional vector (government expenditure (g), tax (t),

1Under this approach, zero restriction is imposed on three parameters in order to make
just-identifiable case.

2The paper utilizes two sets of institutional information. For the first set, elasticity
of income (α3), and ordering restriction (whether tax is not influenced by government
spending shock (implying a2 = 0) or vice versa (implying b2 = 0). For the second set, the
paper uses result from the regression of government spending on tax (to define b1) as well
as the elasticity of income (α3))

3Knowing that other countries have shown the effectiveness of the fiscal policy, this is
unlikely

4The data was only available from 1994:1 to 2000:4
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output (y), price (p),and interest rate (r)), D is a constant, Cs is coefficient

matrix and U(t) is a innovation process. For the identification method,

the paper follows Blanchard and Perotti (2002). The relationship between

innovations and shocks is described below.
1 0 −αg,y −αg,p −αg,r

0 1 −αt,y −αt,p −αt,r

−γy,g −γy,t 1 0 0
−γp,g −γp,t −γp,y 1 0
−γr,g −γr,t −γr,y −γr,p 1



ugt
utt
uyt
upt
urt

 =


1 βg,t 0 0 0
βt,g 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1



egt
ett
eyt
ept
ert


Following Judge et al. (1982) p.325, the paper uses ordinary least square

method for each equations for estimating parameters. The impulse response

shows that government spending shock lowers real GDP and price level. The

paper discusses that Korean economy does exhibit macroeconomic behavior

predicted by neo-classical theory. However, this result is quite suspicious be-

cause most countries have expansionary result on output (and consumption

depending on the identification appraoch) from government spending shock.

Youngduk Kim and Gyeong Leoh Cho (2008) analyzes the effects of

fiscal policy on GDP, Price, interest rate using structural VAR using Korea

macro data from 1994:1 to 2006:1 Their identification method is similar to

Blanchard and Perotti(2002). The reduce form VAR is described as

Xt = A(L)Xt−1 + Ut

whereXt=[government spending (gt, tax (tt), output (yt), price (pt), interest

rate (rt)]’ and Ut = [ugt , u
t
t, u

y
t , u

p
t , u

r
t ]
′. And the relations between innovation

and shocks are
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1 0 −αg,y −αg,p −αg,r

0 1 −αt,y −αt,p −αt,r

−γy,g −γy,t 1 0 0
−γp,g −γp,t −γp,y 1 0
−γr,g −γr,t −γr,y −γr,p 1



ugt
utt
uyt
upt
urt

 =


1 βg,t 0 0 0
βt,g 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1



egt
ett
eyt
ept
ert


The form of coefficient matrix is the same as the one from Seong-Suhn Kim

(2007). However, Youngduk Kim and Gyeong Leoh Cho (2008) use max-

imum likelihood method for the estimating parameters. They show that

using the approach described above government spending increases output

by with spending multiplier less than 1.

The previous studies discuss that fiscal policy does not have strong ef-

fect on Korean economy. However, this cannot be explained by prevailing

theories.

4.2 VAR Analysis

The VAR methodology and identification process is close to the U.S case.

The reduced form VAR is as follow

Yt = A(L, q)Yt−1 + Ut

where

Yt =


g spending
consumption

gdp
disposable income

investment


The structural VAR takes the form below

A0Yt = A0A(L, q)Yt−1 +A0Ct +A0T +A0Ut
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where A0Ut = Bet.

For identification methodology, Cholesky decomposition is used to de-

fine the coefficient (At) , ordering government shock first. The relationship

between structural disturbances et and the reduced form disturbances Ut is

defined as below.
1 0 0 0 0
acg 1 0 0 0
ayg ayc 1 0 0
adg adc ady 1 0
aig aic aiy aid 1



Ug
t

U c
t

Uy
t

Ud
t

U i
t

 =


1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1



egt
ect
eyt
edt
eit


4.3 Data from Korea

I have collected Korean quarterly data on government spending (Govern-

ment Final Consumption Expenditure), consumption(Final Consumption

Expenditure by Households:non-durable goods+services) , gross domestic

product, investment (Gross Domestic Capital Formation) and disposable

income (Gross National Disposable Income) from 1970:1 to 2010:4 and quar-

terly data on real wage (Total Wages) and hours worked (Days Worked of

Permanent Employees in Manufacturing Industry) in manufacture sector

from 1993:1 to 2010:4. All quantitative variables are in real term and per

capita perm and log-normalized.

4.4 Impulse Responses

Figure 4.1 depicts empirical response to government spending using five-

variable VAR. Consumption rises more than the size of government shock

implying large government spending multiplier. The impulse shows gradual
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Figure 4.1: The effects of a government spending shock on consumption
(five-variable VAR) in Korea
Confidence intervals correspond to a unit standard deviations of empirical

distributions based on 1,000 boots-trapping.

increase in consumption, reaching its peak after four quarters. The move-

ment of output and disposable income due to the positive shock resemble

each other. The impulse reaches its peak after 4 quarter and gradually come

back to the original level. Note that investment rises initially for six quar-

ters and decreases after that. The result of Korean empirical VAR analysis

assembles that of US empirical VAR. Response of consumption in Korean

economy appears to be greater than that of consumption in U.S economy

and the peak occurs much earlier. As one can see, the highest consumption

response occurs 7 period after the shock in U.S economy (0.0037) while the

peak response of consumption in Korea economy is after 4 quarter (0.0047)

5. However, the magnitude of impulse response of output is greater in U.S

economy (0.0051) compare to Korean economy (0.0043). Similar to con-

sumption, the peak occurs after 7 quarters in U.S economy and 4 quarters

5They are both statistically significant at 5% level. The detailed digits are shown in
figure E.1 and figure E.2 in the appendix
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in Korean economy. Investment also exhibit different pattern. While invest-

ment in U.S initially decreases and then follows rise, investment in Korea

shows a sharp increase at shock quarter and gradually decreases until it hits

negative bottom then come back to original level.

This result is quite different from the previous result. The possible rea-

son for such discrepancy is the fact that 1)I have used the greater sample size

(from 1970:1 to 2010:4 compared to 1994:1 to at most 2006:4 ) 2) Cholesky

decomposition might not have fully capture the contemporaneous relation-

ship among variables.

In the following section, we are going to develop a new Keynesian model

with sticky price and endogenous fraction of rule-of-thumb households to

account for the positive movement of consumption in the case of exogenous

government spending shock.
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Chapter 5

The Gaĺı, López-Salido and
Vallés (2007) Model

In the model presented by Jordi Gaĺı, J. David López-Salido, Javier Vallés

(2007), the economy consists of households, a continuum of firms producing

differentiated intermediate goods, perfectly competitive final good producer,

a monetary and a fiscal authority. Households consist of fraction λ of rule-

of-thumb households and fraction 1− λ of optimizing households who have

access to financial market. This framework is consistent with a standard

DSGE model with Calvo pricing.

5.1 Log Linearized Equations

In the model presented in Gaĺı, López-Salido and Vallés (2007) contains

nineteen endogenous variables

bt, c1,t, c2,t, ct, h1,t, h2,t, ht, wt, πt, yt, gt, t1,t, t2,t, tt, qt, it, kt, rt, µ̂
p
t

32



with nineteen log-linearized equations described below.1 2

1. kt+1 = δit + (1− δ)kt

2. yt = γcct + γiit + gt

3. yt = (1− α)ht + αkt

4. µ̂pt = (yt − ht)− wt

5. µ̂pt = (yt − kt)− rkt

6. wt = ct + ϕnt

7. πt = βEtπt+1 − λpµ̂
p
t

8. wt = c2,t + ϕn2,t

9. wt = c1,t + ϕn1,t

10. c2,t = (WH2
C2

)(wt + n2,t)− Y
C2
t2,t

11. ct = λc2,t + (1− λ)c1,t

12. r̂t = R+ φππ̂t + φyŷt

13. tt = φbbt + φggt

14. qt = βEtqt+1 + [1− β(1− δ)]Etr
k
t+1 − (rt − Etπt+1)

15. it − kt = ηqt

16. c1,t = Etc1,t+1 − (rt − Etπt+1)

17. ht = λh2,t + (1− λ)h1,t

1The derivation is in appendix A
2x̂t represent logXt/X, where X represent the steady state value of Xt.
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18. bt+1 = (1− ρ)(bt + gt − tt)

19. tt = λt2,t + (1− λ)t1,t

5.2 Dynamic Equilibrium and Calibration

Combining all the above linearized conditions,a system of stochastic differ-

ence equations is obtained to take the form below.

AEt[Xt+1] = Bxt + ϵt

where, xt = bt, c1,t, c2,t, ct, h1,t, h2,t, ht, wt, πt, yt, gt, t1,t, t2,t, tt, qt, it, kt, rt, µ̂
p
t

is a nineteen dimension vector. A and B is nineteen × nineteen coefficient

matrix describing the relationship between period t and t+1. The parameter

values are as below.

Parameters Value definition
λ .5 Weight of rule-of-thumb households
µp 0.2 Price markup
δ 0.025 Depreciation rate
α 1/3 The elasticity of output respect to capital
β 0.99 Discount factor
θ ϕ 0.2 Elasticity of wage
ρg 0.9 Persistency of shock (on gov’t spending)
φΠ 1.5 Monetary policy parameter

5.3 The Effects of Government Spending Shocks

Figure 5.1 and figure 5.2 represent the impulse response of government

spending shock in both a perfectly competitive and a non-competitive labor

markets. In a competitive labor market, consumption falls from the expan-

sionary government spending shock. However, in a non-competitive labor

market where union sets wage level, consumption rises as a result from an

exogenous expansionary government spending shock. Hours worked and real
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Figure 5.1: The Impulse Response of Government Spending Shock in a
Perfectly Competitive Labor Market

Figure 5.2: The Impulse Response of Government Spending Shock in a Non-
competitive Labor Market
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wage also rise from the government spending shock. Their explanation for

such difference is that in an economy where union sets the wage, real wage

does not fall while hours worked increases. The combined effects provide

positive wealth effect to households, raising consumption as a result.
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Chapter 6

A Model with Endogenously
Determined Rule-of-Thumb
Households

Similar to the above model, the economy consists of households, a continuum

of firms producing differentiated intermediate goods, a perfectly competitive

final good producer, a monetary authority. In the paper, the choice of

households is introduced. That is, households can either declare themselves

to be default and lose access to a financial market or pay the debt and remain

in a financial market where bond price is determined by default rate. In

this way, we can deal with the dynamic interaction between rule-of-thumb

households and optimizing households endogenously.

6.1 Log Linearized Equations

The system contains eighteen variables

xt = bt, c1,t, c2,t, cT , h1,t, h2,t, ht, wt, qt, ft, πt, nt, yt,mctv
ndt, v

d
t , gt, tt.

with eighteen log-linearized equations described below.1

1The derivation is in appendix B
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1. ˆvndt =
C1−σ

1

V nd ˆc1,t − η
H1+χ

1

V nd
ˆh1,t + βEt

[(
V d−V nd

V nd )F ˆft+1 + (1 − F ) ˆvndt+1 +

FV d

V nd
ˆvdt+1]

2. v̂dt =
C1−σ

2

V d ˆc2,t − η
H1+χ

2

V d
ˆh2,t + βEt[θ

V nd

V d
ˆvndt+1 + (1− θ) ˆvdt+1]

3. f̂t = nx(ωndv̂
nd− ωdv̂

d)

4. σĉ1,t + χĥ1,t = ŵt

5. −σĉ1,t = Et[r̂t − (σĉ1,t+1 + π̂t+1)]

6. ĉ2,t =
WH
C2

(ŵt + ĥ2,t)− T
C2

(t̂t)

7. σĉ2,t + χĥ2,t = ŵt

8. q̂ = − F
1−F f̂t − r̂t

9. n̂t = (1− F − θ)n̂t−1 − F f̂t = (1− θ
N ) ˆnt−1 − F f̂t

10. ĉT,t = ( c1−c2
CT

)Nn̂t + ( N
CT

)c1 ˆc1,t +
1−N
CT

)c2

11. ĥt = (H1−H2
H )Nn̂t + (NH )H1

ˆh1,t + (1−N
H )H2

ˆh2,t

12. m̂c = ŵt − ât

13. ŷ = a+ ĥt

14. π̂t = βEt[ ˆπt+1] + κm̂ct

15. r̂t = R+ φππ̂t + φyŷt

16. t̂t = φbb̂t + φg ĝt

17. b̂t+1 = (1− ρ)(b̂t + ĝt − t̂t)

18. ĝt = ρg ĝt−1 + εt
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6.2 Dynamic Equilibrium and Calibration

For two types of Households, their optimization is completely determined by

the equations from (3.18) to (3.25). Firms problem is described in equations

(3.29) and (3.13). Monetary and fiscal policy decision is described in equa-

tions (3.14) and (3.15) and government innovation process (3.15) describes

government shock process. Goods market is must satisfy equation (3.30).

Combining all the above conditions as well as three aggregate equations

(3.26), (3.27) and (3.28), we can obtain a stochastic difference equations of

the form

AEt[Xt+1] = Bxt + ϵt

where, xt = c1,t, c2,t, cT , h1,t, h2,t, ht, wt, qt, ft, πt, nt, yt,mctv
ndt, v

d
t , gt, tt is a

seventeen dimension vector. A and B is seventeen × seventeen coefficient

matrix describing the relationship between period t and t+1. The param-

eter values are as below. We set parameter values close to Arellano(2002)

Para Value Definition
σ 2 Risk averseness of households
χ 0.2 Wage elasticity
η 0.3 Weight between labour and consumption
β 0.98 Discount factor
λ 0.75 Stickiness of price
ρg 0.9 Persistency of shock (on gov’t spending)
φΠ 1.5 Monetary policy parameter
θ 0.083 Probability of re-entry)

and Gaĺı, López-Salido and Vallés (2007). The risk averseness of households,

α, is set to two, which common for business cycle model. The wage elas-

ticity, is set to 0.2 which is consistent with Gaĺı, López-Salido and Vallés

(2007) 2.Discount factor is set to 0.98. Stickiness of price (fraction of firms

2Their wage elasticity is value is from Rotemberg and Woodfords (1997, 1999)
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Figure 6.1: The Impulse Response of Government Spending Shock in a
Perfectly competitive labor market

which can change price, λ) is set to 0.75 which corresponds to average price

durable of a year. Persistency of government spending is set to 0.9 which

matches the half-life of the responses of government spending and Response

of interest on change in inflation is set to 1.5 which is common for Taylor’s

rule. A fraction of households returning to financial market is set to 0.083

from Enrique G. Mendoza Vivian Z.Yue(2008)3.
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Figure 6.2: The Impulse Response of Government Spending Shock in a Non-
competitive Labor Market
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6.3 The Effects of Government Spending Shocks

In this section we take a look at the effects of shocks to a positive government

spending in the model discussed above. The focus is here that the exogenous

increase in government spending has positive effect on consumption in a non-

competitive labor market as found in the empirical analysis and Jordi Gaĺı,

J. David López-Salido, Javier Vallés (2007). Figure 6.1 and 6.2 shows the

contemporaneous impulse response of consumption (c) work hour (h) output

(y) wage (w) and interest rate (r) from the government spending shock (g) in

perfectly competitive labor market and non-competitive labor market where

a union sets the wage level. As shown in Jordi Gaĺı, J. David López-Salido,

Javier Vallés (2007), consumption rises in an economy where labor market is

assumed to be non-competitive. The size of the shock is normalized to a 1 %

of steady state value.Consumption, hours worked and wage increased from

the shock which is similar result from in Fatás and Mihov(2001) and Gali,

López-Salido and Vallés(2007). The theoretical implied spending multiplier

for output is 0.6 which is close to the spending multiplier shown in U.S

VAR. For VAR analysis of Korea shows spending value of 0.133 which is

significantly lower than theoretical multiplier value. This result is in a line

with existing Korean VAR analysis as Seok-Kyun Hur(2007), Seong-Suhn

Kim (2007) and Youngduk Kim and Gyeong Leoh Cho (2008) found in their

papers where they found a weak co-movement of government spending and

other macro economic variables. The theoretical response of consumption

appears to be smaller than empirical response both in U.S and Korea VAR

analysis.

3their value is from Dias and Richmond (2007) for the median duration of exclusion
using a partial access definition of re-entry
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Chapter 7

Conclusion

The paper shows interaction between endogenously determined rule-of-thumb

households and sticky prices could replicate the economy where consump-

tion rises as a result from increase in government spending in a way that

is consistent with the empirical study. Rule of thumb households (default

households in the model) partly insulate aggregate demand from the nega-

tive effects generated by implied rise in the future tax rate that is required to

finance current positive government spending shock. Sticky prices make it

possible for real wage to increase even in the presence of decline in marginal

rate of product of labor. Combined effects of a higher real wage and higher

employment level, stimulate the consumption of rule of thumb households.

This result is very close to Jordi Gaĺı, J. David López-Salido, Javier Vallés

(2007) in which exogenous rule of thumb households are introduced as pa-

rameterized value (0.5). They discuss that the possible presence of coun-

tercyclical wage markup (induced by non-competitiveness of labor market)

provides additional room for a simultaneous increase in consumption and

hours without requiring a proportional increase in the real wage. This pa-

per comes out with the similar result.

The main difference in this paper is that it deviates from exogenously
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determined households. Jordi Gaĺı, J. David López-Salido, Javier Vallés

(2007) sets the fraction of rule of thumb households as 0.5. This is quit

my where half of the entire population do not care about their future. Ad-

ditionally, the assumption that households cannot change the exogenously

given type may not make sense knowing that people change their mind all

the time. Instead this paper sets endogenous fraction of default households

(rule-of-thumb households) based on households choice which can be al-

tered at any point of time for non-default households The paper shows that

consumption could rise in the presence of endogenously determined default

households (rule-of-thumb households). Although the magnitude of rise in

consumption shown in theoretical response is smaller than that of rise in

consumption shown in the empirical analysis of both U.S and Korea, the

emphasize lies in the fact that the paper presents a model with the similar

results as in Jordi Gaĺı, J. David López-Salido, Javier Vallés (2007).

The model discussed in the paper is a very simple version of new Key-

nesian model because the focus of the paper is to present a model with ex-

ogenously determined rule-of-thumb households in which consumption rises

as a result of a government expenditure shock. However, The paper does

not have a full analysis of the choice of default. Rather, it is very weak

and only log-linearized equilibrium conditions are dealt with in the model.

For further research, I would like to continue on this issue of endogenously

determined default choice and provide perfectly competitive recursive equi-

librium. Additionally, I would like to develop a more complicated model

by adding capital or change the taxation system from lump sum tax to dis-

tortionary income tax or capital tax. The result may differ if the above

is implemented in the model Allowing for staggered nominal wage or real

wage rigidity may also constitute potential useful extension of the framework
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discussed in the paper.
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Appendix A

The Gali, López-Salido and
Vallés (2007) model

A.1 Households

They assume infinitely lived households, indexed by i ∈ [0, 1]. A fraction

1−λ of households have access to capital markets where they can trade a full

set of contingent securities (bonds), and buy and sell physical capital. They

used the term optimizing or Ricardian to refer to this type of households.

The remaining fraction λ of households do not own any assets nor have any

liabilities, and consume all of their current labor income 1.

Optimizing households

Let C1,t and L1,t represent consumption and leisure for optimizing house-

holds. Preferences are defined by the discount factor β. A typical households

of this type seeks to maximize

E0

∞∑
t=0

βtU(C1,t, H1,t) (A.1)

1Studies such as Campbell and Mankiw (1989) provides some aggregate evidence for
the existence such extreme non-Ricardian households
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subject to

PtC1,t + PtI1,t +R−1
t B1,t =WtH1,t +Rk

tK1,t +B1,t +D1,t − T1,t, (A.2)

where Pt denotes price level, Ht is hours worked, Bt represents the quantity

of nominally riskless one-period bonds carried from period t-1, Rt denotes

the gross nominal return on bonds purchased in period t and finally Dt are

dividends from consumers. and the capital accumulation equation is

K1,t+1 = (1− δ)K1,t + φ(
I1,t
K1,t

)K1,t, (A.3)

where the term φ(
I1,t
K1,t

)K1,t represents Capital adjustment costs.

The period utility takes the form below

U(C,L) ≡= logC − H1+ϕ

1 + ϕ

The first order conditions for the optimizing consumer’s problem can be

written as

1 = RtEt[Λt,t+1
Pt

Pt+1
] (A.4)

Qt = EtΛt,t+1[R
k
t+1 +Qt+1((1− δ) + φt+1 − (

I1,t+1

K1,t+1
)φ′t+1)] (A.5)

Qt =
1

φ′(I1,tK1,t)
, (A.6)

where Λ represents the stochastic discount factor

Λt,t+1 ≡ βk(
C1,t+k

C1,t
)−1 (A.7)

and where Qt is the shadow value of capital (Tobin’s Q).
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Then, they consider two alternative labor market structure: perfect com-

petitive labor market in which each households chooses the quantity of hours

work given the market wage with the optimizing condition below

Wt = C1,t(N1,t)
ϕ (A.8)

and non-perfect competitive labor market in which hours work are deter-

mined by firms given that the wage is set by a union.

Rule-of-thumb households

They are assumed to behave as non-Ricardian households. They do not

smooth their consumption path in the face of fluctuations in labor income

nor do they intertemporally substitute in response to changes in interest

rates.

Their period utility is given as

U(C,L) ≡= logC − H1+ϕ

1 + ϕ
(A.9)

and the budget constrain is

PtC2,t =WtH2,t − T2,t. (A.10)

Under a competitive labor market, the labor supply of rule-of thumb

households must satisfy

Wt = C2,t(H2,t)
ϕ. (A.11)

The aggregated consumption and hours worked are given by

Ct ≡ λC2,t + (1− λ)C1,t (A.12)

and

Ht ≡ λH2,t + (1− λ)H1,t. (A.13)
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Similarly, aggregated investment and capital stock are given by

It = (1− λ)I1,t

and

Kt = (1− λ)K2,t

A.2 Firms

They assume monopolistically competitive firms producing differentiated in-

termediate goods and a perfectly competitive firm producing a single final

good.

Intermediate goods firms

The production function for an intermediate goods firm takes the basic

form.

Yt(j) = Kt(j)
αHt(j)

1−α (A.14)

where Kt(j) and Ht(j) represent the capital and the labor hired by partic-

ular firm j respectively.

The real marginal cost for intermediate firms is

MCt = Ψ(Rk
t )

α(Wt)
1−α,

where Ψ ≡ α−α(1− α)−(1−α).

A final good firm

The final good is produced by a perfectly competitive firm with a constant
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returns technology.

Yt = (

∫ 1

0
Xt(j)

ϵp−1

ϵp dj)
ϵp

ϵp−1

where Xt(j)is the quantity of intermediate good j used as an input and

ϵp > 1. Taking the final goods price (Pt) and intermediate price (Pt(j)) as

given, the set of demand schedules for j ∈ [0, 1]

Xt(j) =
(Pt(j))

Pt

−ϵp

Yt

The zero-profit condition is

Pt = (

∫ 1

0
Pt(j)

(1− ϵp)dj)
1

1−ϵp

Price setting

Intermediate firms are assumed to set nominal price in staggering fashion,

just like in Calvo(1983). only faction of 1− θ intermediate firms can change

the price depending on their maximization condition. fraction of θ interme-

diate firms keep their price unchanged.

1− θ fraction of intermediate firms seek to solve

max
P ∗
t

Et

∞∑
k=0

θkEt[β
k(
C1,t+k

C1,t
)−1Yt+k(j)((

P ∗
t

Pt+k
)−MCt+k)]

subject to the demand constraint

Yt+k(j) = Xt+k(j) =
(P ∗

t )

Pt

−ϵp

Yt

The first order condition is

Et

∞∑
k=0

θkEt[β
k(
C1,t+k

C1,t
)−1Yt+k(j)((

P ∗
t

Pt+k
)− ϵp

ϵp − 1
MCt+k)] = 0 (A.15)

The aggregate price level is

Pt = [θP
1−ϵp
t−1 + (1− θ)(P ∗

t )
1−ϵp ]

1
1−ϵp (A.16)

which is based on Calvo pricing model.
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A.3 Monetary Policy

The central bank is assumed to follow the linear interest rate rule.

r̂t = R+ φππ̂t + φyŷt (A.17)

where R is steady state nominal interest rate and x̂t represent log-

deviation from the steady state of variable xt. Particularly, we assume that

φy=0 implying that the central bank sets zero coefficient on output gap.

This is in a line with Taylor rule (1993).

A.4 Fiscal Policy

The government budget constraint is

Tt +R−1
t Bt+1 = Bt +Gt, (A.18)

where Tt ≡ λT2,t + (1 − λ)T2,t represents aggregated nominal tax. This

equation can be re-written as

tt = φbbt + φggt, (A.19)

where gt ≡ (Gt−G)/Y , tt ≡ (Tt−T )/Y , and bt = ((Bt/Pt−1)− (B/P ))/Y .

Finally, government spending is assumed to evolve exogenously according

to the following process

ĝt = ρg ĝt−1 + εt (A.20)

A.5 Market Clearing

Both financial market and good market needs to satisfy the following con-

dition in order to have a complete equilibrium. The social constraint is

Yt = CT,t +Gt (A.21)
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Final goods producer’s demand schedule has to meet the intermediate

goods producers’ production

Yt(j) = Xt(j)

A.6 Log Linearized Equilibrium Conditions

In this section, the log-linear versions of the optimal and market-clearing

conditions are derived. As briefly mentioned earlier, xt represent logXt/X,

where X represent the steady state value of Xt.

Household

Log-linearized equations (A.5) and (A.6) are given as

qt = βEtqt+1 + [1− β(1− δ)]Etr
k
t+1 − (rt − Etπt+1) (A.22)

and

it − kt = ηqt. (A.23)

The log-linearized capital accumulation equation (A.3) is

kt+1 = δit + (1− δ)kt (A.24)

The log-linearized Euler equation for optimizing households (A.4) is

given by

c1,t = Etc1,t+1 − (rt − Etπt+1). (A.25)

Consumption of rule-of-thumb household is given, to a first order ap-

proximation, by

c2,t = (
WH2

C2
)(wt + n2,t)−

Y

C2
t2,t, (A.26)
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where t2,t ≡ (T2,t − T2)/Y .

By assuming that the steady steady state consumption is the same across

the household types (C = C1 = C2), the aggregate consumption and hours

take the following form:

ct = λc2,t + (1− λ)c1,t, (A.27)

ht = λh2,t + (1− λ)h1,t. (A.28)

Under perfect competitive labor market, the log-linearized expressions

of intratemporal choice is

wt = c+ϕnt (A.29)

Firms. Log-linearization of (A.15) and (A.16) around zero inflation

steady state yield

πt = βEtπt+1 − λpµ̂
p
t , (A.30)

where λp = (1−βθ)(1−θ)θ−1 and µ̂pt = (yt−nt)−wt or hatµ
p
t = (yt−kt)−rkt .

Log-linearized production function is

yt = (1− α)nt + αkt (A.31)

Market clearing. Log-linearization of market clearing condition of the

final good is

yt = γcct + γiit + gt, (A.32)

where γi = I/Y represents share of investment on output in steady state.

Fiscal policy. Linearization of government budget constraint (A.18)

around a steady state with zero debt and a balanced primary budget yields

bt+1 = (1− ρ)(bt + gt − tt),
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where ρ ≡ β−1 − 1. Combining it with the fiscal policy rule (5.19),

bt+1 = (1 + ρ)(1− φb)bt + (1 + ρ)(1− φg)gt (A.33)
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Appendix B

A model with endogenously
determined rule-of-thumb
households

Before we proceed, it is necessary to accurate define the ordering of the

economic activity for clear understanding.

1. Period begins

2. Among non-default households, faction of Ft households choose to de-

fault, and 1− Ft households remain as non-default households.

3. Among default households, fraction of θ households return to the fi-

nancial market thus become non-default households. The fraction of

1− θ default household cannot change their status.

4. Each type of consumer choose their consumption level(ci,t) and labor(hi,t)

based on their default choice. Intermediate firms produce goods that is

going to be used by a final goods producer. Wage is being distributed

to households depending on hours they worked.

5. Period ends
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B.1 Households

We assume infinitely lived households. A fraction F of households choose

to default on their debt thus losing access to financial market and become

non-Ricardian households. Once they default, they are going to spend all of

their income on consumption since they cannot hold any asset. A fraction θ

of defaulted households regain access to financial market in the next period.

On the contrary, A fraction 1− F of households remain in a financial mar-

ket and become Ricardian households. According to the notation by Jordi

Gaĺı, J. David López-Salido, Javier Vallés (2007), the former can be thought

of as rule-of-thumb households and the latter can be considered to be the

optimizing households. We are going to look at each type and derive their

optimization condition.

Defaulting Decision

Households can either declare themselves to be default or pay the debt.

Both type of households have the same period utility to take the form

U(C,H) =
C1−σ − 1

1− σ
− η

H1+χ

1 + χ

Their choice is solely based on how they value each choice. The value

function for each case is the following.

V nd
t = U(C1,t, H1,t) + βEt[(1− Ft+1)V

nd
t+1 + Ft+1V

d
t+1] (B.1)

V d
t = U(C2,t, H2,t) + βEt[θV

nd
t+1 + (1− θ)V d

t+1] (B.2)

,where V nd and V d indicate value function for non-default and default re-

spectively. Households choose to default if and only if V nd is less than V d.

That is probability of default can be re-written as

56



Ft = F (V nd
t − V d

t ) (B.3)

Non-default Households

Once they choose not to default, they behave as optimizing households.

They seek to maximize

E0

∞∑
t=0

βtU(C1,t, H1,t)

subject to

PtC1,t +R−1
t B1,t+1 =WtH1,t +B,1, t− Tt

The first order conditions for the non-default households’ problem is

written below

ηcσ1,tH
χ
1,t = wt (B.4)

1

cσ1,t
= βEt

Rt

cσ1,t+1Πt+1
(B.5)

(B.4) represent households’ intratemporal optimal choice between consump-

tion and labor and (B.5) is households’ intertemporal Euler Equation.

Default Households

When individuals declare to default, they loose all the access to financial

market (no means to carry wealth to the next period). Their period utility

is given as bellow.

U(C2,t, H2,t)

subject to

PtC2,t =WtH2,t − Tt (B.6)
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The first order conditions for default households’ problem is

ηcσ2,tH
χ
2,t = wt (B.7)

Notice that it only has intratemporal substitution problem between con-

sumption and labor because default households cannot make any decision

based on intertemporal problem.

Creditors

Creditors price defaultable bonds in a risk neutral manner. Credit market

is assumed to be perfectly competitive thus their expected profit has to be

zero. That is, every period lenders take bond demand and prices as given

and maximize expected profits. The creditors maximization condition is as

follow.

qB′ − (1− Ft)

1 +Rt
B′

where Ft, is probability of default as we discussed above. This is in a line

with Arellano (2008). The zero profit condition implies that

qt =
(1− Ft)

Rt
(B.8)

Aggregation

Total default households are as follow

Nt = (1− Ft)Nt−1 + θ(1−Nt−1) (B.9)

As we discussed, fraction of (1 − Ft) non-default households at t-1 remain

as non-default households at t and fraction of θ default households at t-1

become non-default households at t.
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Aggregate consumption and hours are given by the weighted sum of the

each consumer type. That is,

CT,t = Ntc1,t + (1−Nt)c2,t (B.10)

Similarly, aggregate labor is

HT,t = NtH1,t + (1−Nt)H2,t (B.11)

B.2 Firms

We assume monopolistically competitive firms producing differentiated in-

termediate goods and a perfectly competitive firm producing a single final

good.

Intermediate goods firms

The production function for an intermediate goods firm takes the basic

form.

Yt(j) = AHt(j)

where Ht(j) represent the labor hired by particular firm j.

The real marginal cost for intermediate firms is

MCt =
Wt

At
(B.12)

A final good firm

The final good is produced by a perfectly competitive firm with a constant

returns technology.

Yt = (

∫ 1

0
Xt(j)

ϵp−1

ϵp dj)
ϵp

ϵp−1
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where Xt(j)is the quantity of intermediate good j used as an input and

ϵp > 1. Taking the final goods price (Pt) and intermediate price (Pt(j)) as

given, the set of demand schedules for j ∈ [0, 1]

Xt(j) =
(Pt(j))

Pt

−ϵp

Yt

The zero-profit condition is

Pt = (

∫ 1

0
Pt(j)

(1− ϵp)dj)
1

1−ϵp

With the conventional new Keynesian framework, we derive a new Key-

nesian Phillips’s Curve

π̂t = βEt[ ˆπt+1] + κm̂ct (B.13)

Price setting

Intermediate firms are assumed to set nominal price in staggering fashion,

just like in Calvo (1983). only faction 1−θ of intermediate firms can change

the price depending on their maximization condition. fraction θ of interme-

diate firms keep their price unchanged.

fraction 1− θ of intermediate firms seek to solve

max
P ∗
t

Et

∞∑
k=0

θkEt[β
k(
C1,t+k

C1,t
)−1Yt+k(j)((

P ∗
t

Pt+k
)−MCt+k)]

subject to the demand constraint

Yt+k(j) = Xt+k(j) =
(P ∗

t )

Pt

−ϵp

Yt

The first order condition is

Et

∞∑
k=0

θkEt[β
k(
C1,t+k

C1,t
)−1Yt+k(j)((

P ∗
t

Pt+k
)− ϵp

ϵp − 1
MCt+k)] = 0
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The aggregate price level is

Pt = [θP
1−ϵp
t−1 + (1− θ)(P ∗

t )
1−ϵp ]

1
1−ϵp

which is based on Calvo pricing model.

B.3 Monetary Policy

The central bank is assumed to follow the linear interest rate rule.

r̂t = R+ φππ̂t + φyŷt (B.14)

where R is steady state nominal interest rate and x̂t represent log-

deviation from the steady state of variable xt. Particularly, we assume that

φy=0 implying that the central bank sets zero coefficient on output gap.

This is in a line with Taylor rule (1993).

B.4 Fiscal Policy

The government budget constraint is

t̂t = φbb̂t + φg ĝt (B.15)

For simplicity, we assume that government do not issue bonds, implying

that φb =0.

Finally, government spending is assumed to evolve exogenously according

to the following process

ĝt = ρg ĝt−1 + εt (B.16)
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B.5 Market Clearing

Both a financial market and a goods market need to satisfy the following

condition in order to have a complete equilibrium. The social constraint is

Yt = CT,t +Gt (B.17)

Final goods producer’s demand schedule has to meet the intermediate

goods producers’ production

Yt(j) = Xt(j)

B.6 Log Linearized Equilibrium Conditions

In this section, the log-linear versions of the optimal and market-clearing

conditions are derived. As briefly mentioned earlier, x̂t represent logXt/X,

where X represent the steady state value of Xt.

Log-linearization of the Value functions

(B.1) and (B.2) represent the value functions for non-default and default

respectively.The steady state value for (3.1) can be written as

V nd = U(C1, H1) + βEt[(1− F )V nd + FV d]

The log-linearization of (B.1) is

ˆvndt =
C1−σ
1

V nd
ˆc1,t − η

H1+χ
1

V nd
ˆh1,t + βEt

[(V d − V nd

V nd
)F ˆft+1 + (1− F ) ˆvndt+1 +

FV d

V nd
ˆvdt+1]

(B.18)

For (3.2), the steady state value is

V d = U(C2, H2) + βEt[θV
nd + (1− θ)V d]
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The log-linearization of (B.2) is

v̂dt =
C1−σ
2

V d
ˆc2,t − η

H1+χ
2

V d
ˆh2,t + βEt[θ

V nd

V d
ˆvndt+1 + (1− θ) ˆvdt+1] (B.19)

When we take log-linearization of equation (B.3),

f̂t = nx(ωndv̂
nd− ωdv̂

d) (B.20)

where ωnd = V nd
V nd−V d and ωd = V d

V nd−V d

Household

For two types of households, the log-linearization condition is as follow.

for non-default households, the steady state of (B.4) is

ηcσ1H
χ
1 = w

and the log-linearization of (B.4) is

σĉ1,t + χĥ1,t = ŵt (B.21)

the steady state value of (B.5) is

1

cσ1
= βE

R

cσ1Π

and the log-linearization of (B.5) is

−σĉ1,t = Et[r̂t − (σĉ1,t+1 + π̂t+1)] (B.22)

For default households, the steady state value of (B.6) is

PC2 =WH2 − T

and the log linearization is

ĉ2,t =
WH

C2
(ŵt + ĥ2,t)−

T

C2
(t̂t) (B.23)
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For the equation (B.7) the steady state value is

ηcσ2H
χ
2 = w

and the log-linearized equation is

σĉ2,t + χĥ2,t = ŵt (B.24)

Equation (B.8)’s steady state value is

q =
(1− F )

R

and the log-linearized equation is

q̂ = − F

1− F
f̂t − r̂t (B.25)

For aggregation equations, the steady state values and log-linearized

equations are as follow.

Number of optimization households(non-default) (B.9)

N = (1− F )N + θ(1−N)

n̂t = (1− F − θ)n̂t−1 − F f̂t = (1− θ

N
) ˆnt−1 − F f̂t (B.26)

Aggregated consumption (B.10)

CT = Nc1 + (1−N)c2

ĉT,t = (
c1 − c2
CT

)Nn̂t + (
N

CT
)c1 ˆc1,t +

1−N

CT
)c2 (B.27)

Aggregated labor(B.11)

H = NH1 + (1−N)H2
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ĥt = (
H1 −H2

H
)Nn̂t + (

N

H
)H1

ˆh1,t + (
1−N

H
)H2

ˆh2,t (B.28)

For the firms’ side, the marginal cost (B.12)’s steady state and log-linearization

is

MC =
W

A

m̂c = ŵt − ât (B.29)

The new Keynesian Phillip’s curve (B.13), monetary policy (B.14), fiscal

policy rule (B.15) and government shock innovation (B.16) are already in

log deviation form.

Lastly, for the social constraint (B.17), the steady state value is

Y = CT +G

ŷ =
CT

Y
ĉT,t +

Y − CT

Y
ĝt (B.30)
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Appendix C

The derivation of equilibrium
conditions

C.1 Household

Objective function

E0

∞∑
t=0

βtU(Ci
t , H

i
t) (C.1)

-H i
t Hours of work

-Ci
t Consumption index

Ct = (

∫ 1

0
Ct(i)

1− 1
ϵ di)

ϵ
ϵ−1 (C.2)

We assume that the existence of continuum of goods represented by the

interval [0,1].

-Ci
t - Quantity of goods i consumed by the household in period t.

Households must decide how to allocate expenditure among different goods

for any level of expenditures

L = (

∫ 1

0
Ct(i)

1− 1
ϵ di)

ϵ
ϵ−1 − λ(

∫ 1

0
Pt(i)Ct(i)di− Zt)
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where, Zt = sum1
0Pt(i)Ct(i))di(the total expenditure) Take derivative re-

spect to Ct(i)

ϵ

ϵ− 1
(

∫ 1

0
Ct(i)

1− 1
ϵ di)

ϵ
ϵ−1 (1− 1

ϵ
)Ct(i)

− 1
ϵ − λPt(i)

Arrange the F.O.C by using (C.2)

C
1
ϵ
t Ct(i)

− 1
ϵ = λPt(i) (C.3)

Now consider the following equation.

Ct(i)Pt(i)
ϵ = Ct(j)Pt(j)

ϵ

Arrange the equation,

Ct(i) = Ct(j)(
Pt(i)

Pt(j)
)−ϵ (C.4)

We can also compute that

Ct(i)Pt(i) = Ct(j)Pt(j)
ϵPt(i)

1−ϵ

Combine with the total expenditure equation,

Zt =

∫ 1

0
Pt(i)Ct(i))di

Ct(i)Pt(i) = Ct(j)Pt(j)
ϵ

∫ 1

0
Pt(i)

1−ϵ

Zt =

∫ 1

0
Pt(i)Pt(j)

ϵ

∫ 1

0
Pt(i)

1−ϵdi (C.5)

The price index Pt is defined as

Pt = (

∫ 1

0
Pt(i)

1−ϵdi)
1

1−ϵ
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Arrange the equation,

P 1−ϵ
t =

∫ 1

0
Pt(i)

1−ϵdi (C.6)

Then, (8.5) becomes

Zt =

∫ 1

0
Pt(i)Pt(j)

ϵP 1−ϵ
t (C.7)

Put together equations (C.4) and (C.5),

Ct(i) = (
Pt(i)

Pt
)−ϵZt

Pt
(C.8)

By using the definition (C.2),

Ct = (

∫ 1

0
Ct(i)

1− 1
ϵ di)

ϵ
ϵ−1 = (

∫ 1

0
Pt(i)

1−ϵdiP ϵ−1
t Z

ϵ−1
ϵ

t P
1−ϵ
ϵ

t )
ϵ

ϵ−1

= P 1−ϵ
t P ϵ−1

t Z
ϵ−1
ϵ

t P
1−ϵ
ϵ

t )
ϵ

ϵ−1

= Z
ϵ−1
ϵ

t P
1−ϵ
ϵ

t )
ϵ

ϵ−1

= ZtP
−1
t

Now we can define the total expenditure Zt as

Zt =

∫ 1

0
Pt(i)Ct(i))di = PtCt (C.9)

Combine (C.8) and (C.9) we have the the households demand function,

Ct(i) = (
Pt(i)

Pt
)−ϵCt (C.10)

The budget constraint for both default households and non-default house-

holds are given as below.

-Non-default households

∫
Pt(i)C1,t +R−1

t B1,t+1 =WtH1,t +B1,t − Tt
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-Default households

∫
Pt(i)C2,t =WtH2,t − Tt

,where

• Cn,t(i)-consumption of good i of households type n(1=non-fault, 2=de-

fault)

• Pt(i)-Price of good i

• Ct -consumption index of type n

• Pt-price index

• Wt-nominal wage

• Tt-tax expressed in nominal terms

• Bt-quantity of bonds

• Rt-real interest rate

Using the equality condition we derived the above, the budget constraints

for each type of households can be written as -Non-default households

PtC1,t +R−1
t B1,t+1 =WtH1,t +B1,t − Tt

-Default households

PtC2,t =WtH2,t − Tt

as one can see in section 5

For non-default households, they face two optimization problems 1) In-

tratemporal substitution problem between consumption and labor
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The utility that households get for having one unit of consumption must

be the same as the disutility that they receive for having one unit of labor.

This relation is described as below

U1
c,tdCt = −U1

h,tdNt

PtdCt =WtdNt

Combine the two conditions we have intertemporal substitution condition

−
U1
h,t

U1
c,t

=
Wt

Pt
(C.11)

As one recall, the utility is described as

U(C,H) =
C1−σ − 1

1− σ
− η

H1+χ

1 + χ

Then,

U1
c,t = C−σ

1,t

H1
c,t = −ηHχ

1,t

Substituting the above F.O.C conditions (C.11) becomes

ηcσ1,tH
χ
1,t = wt (C.12)

2) Intertemporal substitution between periods

Utility that households get from consuming Ct in period t must be equal to

utility that they get from consuming Ct+1 in period t+1.

This relationship can be described as

Uc,tdCt = βEt(Uc,t+1dCt+1

PtdCt =
Pt+1dCt+1

Rt
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Combine the two equality we have

βRt(
Uc,t+1

Uc,t

Pt

Pt+1
) (C.13)

Recall that

Uc,t = C−σ
t

Then, (8.13) becomes

1

cσ1,t
= βEt

Rt

cσ1,t+1Πt+1
(C.14)

For default households, they only face intratemporal problem since they

are blocked from a financial market (unable to transfer wealth between pe-

riod).

Similar to the intratemporal choice of non-default households, the utility

they receive from consuming one unit of consumption has to be equal to

disutility they get from unit of labor.

U1
c,tdCt = −U1

h,tdNt

PtdCt =WtdNt

Combine the two conditions we have intertemporal substitution condition

−
U2
h,t

U2
c,t

=
Wt

Pt
(C.15)

Production function is given as

Yt(i) = AtHt(i)

All firms face identical stochastic demand schedule defined in (C.10)

Ct(i) = (
Pt(i)

Pt
)−ϵCt
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Firms take aggregate price level Pt and aggregate consumption index Ct as

given. ————————————————

P
¯
rice-setting using Calvo(1983) Introduced by Calvo (1983), Calvo price

model features the below properties

• Each firm can reset its price probability (1 − θ) in any given period

independent of timing of the last adjustment of price.

• In each period, (1 − θ) fraction of firms reset their price and θ firms

cannot change the price in the period.

• θ is refer to index of price stickiness

• Average duration of a price is (1− θ)−1

• Since all firms are identical, they all choose new optimal price P̄t

The aggregate price level or price index in any given period can be writ-

ten as

Pt = [θP
1−ϵp
t−1 + (1− θ)(P̄t)

1−ϵp ]
1

1−ϵp

We can arrange the equation

Pt = (θP 1−ϵ
t−1 + (1− θ)(P̂t)

1−ϵ)
1

1−ϵ

P 1−ϵ
t = θP 1−ϵ

t−1 + (1− θ)(P̂t)
1−ϵ

P 1−ϵ
t

P 1−ϵ
t−1

= θ + (1− θ)
(P̂t)

1−ϵ

P 1−ϵ
t−1

π1−ϵ
t = θ + (1− θ)(

P̄t

Pt−1
)1−ϵ
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where,π = Pt
Pt−1

We can log-linearize the above equation with zero inflation implying

Pt = Pt−1 = P̄t = P (πt = 1)

(1− ϵ)p̂it = (1− θ)(1− ϵ)(ˆ̄pt)− (1− θ)(1− ϵ)(p̂t−1)

→ p̂it = (1− θ)(ˆ̄pt − p̂t) (C.16)

O
¯
ptimal price setting

Any firm reoptimizing in period t chooses such price P̄H,t that maximizes

the curren market value of the profits generated until the price remains

effective:

maxP̄t

∞∑
k=0

θkEt[Λt,t+k

(
Yt+k(j)P̄H,t −Ψt+k(Yt+k)

)
] (C.17)

s.t. Yt+k(j) =
( P̄H,t

PH,t+k

)−ε
Y d
t+k (C.18)

, where

Λt,t+k = βk(Ct+k/Ct)
σ(Pt/Pt+k) is stochastic discount factor for nominal

payoffs

Yt+k is product in period t+k of a firm that last reoptimized in t

Ψt+k = Ψt+k(Yt+k(j)): total costs of sales at price
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Differentiate by P̄t and compute

∞∑
k=0

θkEt

[
Λt,t+k

(
Yt+k(j) + P̄H,t

∂Yt+k(j)

∂P̄H,t
− ψt+k

∂Yt+k(j)

∂P̄H,t

)]
= 0

⇒
∞∑
k=0

θkEt

[
Λt,t+k

(
Yt+k(j)− εYt+k(j) + ψt+kε(P̄H,t)

−1Yt+k(j)
)]

= 0

(
since

∂Yt+k(j)

∂P̄H,t
= −εP̄H,t

( P̄H,t

PH,t+k

)−ε
Y d
t+k = −ε(P̄H,t)

−1Yt+k(j)
)

⇒
∞∑
k=0

θkEt

[
Λt,t+kYt+k(j)

(
(1− ε) + εψt+k(P̄H,t)

−1
)]

= 0

⇒
∞∑
k=0

θkEt

[
Λt,t+kYt+k(j)

(
(1− ε)P̄H,t + εψt+k

)]
= 0

⇒
∞∑
k=0

θkEt

[
Λt,t+kYt+k(j)

(
P̄H,t +

ε

1− ε
ψt+k

)]
= 0

⇒
∞∑
k=0

θkEt

[
Λt,t+kYt+k(j)

( P̄H,t

PH,t−1
+Mψt+k

)]
= 0

⇒
∞∑
k=0

θkEt

[
Λt,t+kYt+k(j)

( P̄H,t

PH,t−1
+MMCt+k

PH,t+k

PH,t−1

)]
= 0 (C.19)

,where ψt+k ≡ Ψ′
t+k(Yt+k(j)) - nominal marginal cost

MCt+k ≡ ψ/PH,t+k- real marginal cost

M ≡ ε
ε−1 - desired (frictionless) markup

Perfect foresight, zero inflation steady state implies

P̄H,t/PH,t−1 = PH,t+k/PH,t−1 = 1; Yt+k = Y ; Λt,t+k = βk; MC = 1/M

In constant price environment, there is no effect of price rigidities and there-

fore MC = 1/M.

Log-linearizing the previous condition around the zero-inflation steady
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state, we obtain

∞∑
k=0

θkEt

[
ΛY (j)

P̄H

PH

(
λt,t+k + yt+k(j) + p̄H,t − pH,t−1

)]
=

∞∑
k=0

θkEt

[
ΛY (j)MMC

(
λt,t+k + yt+k(j) +mct+k + pH,t+k − pH,t−1

)]
⇒

∞∑
k=0

(βθ)kEt

[
λt,t+k + yt+k(j) + p̄H,t − pH,t−1

]
=

∞∑
k=0

(βθ)kEt

[
λt,t+k + yt+k(j) +mct+k + pH,t+k − pH,t−1

]
⇒

∞∑
k=0

(βθ)kEt

[
p̄H,t − pH,t−1

]
=

∞∑
k=0

(βθ)kEt

[
mct+k + pH,t+k − pH,t−1

]
⇒ (1− βθ)−1

[
p̄H,t − pH,t−1

]
=

∞∑
k=0

(βθ)kEt

[
mct+k + pH,t+k

]
− (1− βθ)−1pH,t−1

⇒ pH,t − pH,t−1 = (1− βθ)
∞∑
k=0

(βθ)kEt

[
mct+k + pH,t+k

]
− pH,t−1

⇒ p̄H,t = (1− βθ)
∞∑
k=0

(βθ)kEt

[
mct+k + pH,t+k

]
(C.20)

This is the unique stationary solution to the first-order rational expectation

difference equation:

p̄H,t = (1− βθ)
∞∑
k=0

(βθ)kEt

[
mct+k + pH,t+k

]
⇒ p̄H,t = (1− βθ)

∞∑
k=1

(βθ)kEt

[
mct+k + pH,t+k

]
+ (1− βθ)(βθ)0(mct + pH,t)

⇒ p̄H,t = (βθ)Et[p̄H,t+1] + (1− βθ)(mct + pH,t) (C.21)

Using (C.20), the difference equation for optimal price setting can be
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rewrite:

p̄t − pt−1 = (βθ)Et[p̄H,t+1] + (1− βθ)(mct + pH,t)− pH,t−1

= (βθ)Et[p̄H,t+1 − pH,t] + (1− βθ)(mct + pH,t)− pH,t−1 + βθpH,t

= (βθ)Et[p̄H,t+1 − pH,t] + (1− βθ)mct + pH,t − pH,t−1

= (βθ)Et[p̄H,t+1 − pH,t] + (1− βθ)mct + πH,t

Use aggregate dynamic (C.16) to obtain:

(1− θ)−1πH,t = (1− θ)−1(βθ)Et[πH,t+1] + (1− βθ)mct + πH,t

⇒ πH,t = (βθ)Et[πH,t+1] + (1− θ)(1− βθ)mct + (1− θ)πH,t

⇒ θπH,t = (βθ)Et[πH,t+1] + (1− θ)(1− βθ)mct

⇒ πH,t = βEt[πH,t+1] +
(1− θ)(1− βθ)

θ
mct (C.22)

We get:

πt = βEt[πt+1] + κ ·mct (C.23)

where κ =
(1− θ)(1− βθ)

θ

Marginal cost can be derived from firms cost minimization problem

minHt(j) WtHt(j)

s.t. Yt(j) = AtHt(j)

min L =WtHt(j) + ϕt(Yt(j)−AtHt(j))

The F.O.C is given as

Wt = ϕAt

⇒ ϕt =
Wt

At
≡MCN

t : Norminal marginal cost

MCt =MCN
T /pt =

Wt
Atpt

: Real marginal cost

76



Appendix D

The derivation of
log-linearized equations of
equilibrium conditions

log-linearization of two value functions ((B.1) and (B.2)) is as follow.

For (B.1),

V nd = U(C1, H1) + βEt[(1− F )V nd + FV d]

with the steady state value,

V nd = U(C1, H1) + βEt[(1− F )V nd + FV d]

we can derive the log-linearization of the equation.

→ (1 + v̂nd)V nd =
C1−σ
1 − 1

1− σ
− η

H1+χ
1

1 + χ
+ C1−σ

1 ĉ1,t −H1+χ
1 ĥ1,t

+βEt[(1−F )V nd+FV d]+βEt[(1−F )V nd( ̂1− Ft+1+v̂
nd
t+1)+FV

d(f̂t+1+v
d
t+1)]

→ V ndv̂nd = C1−σ
1 ĉ1,t−H1+χ

1 ĥ1,t+βEt[(1−F )V nd( ̂1− Ft+1+v̂
nd
t+1)+FV

d(f̂t+1+v̂
d
t+1)

→ v̂ndt =
C1−σ
1

V nd
ĉ1,t−

H1+χ
1

V nd
ĥ1,t+βEt[(1−F )( ̂1− Ft+1+

ˆvndt+1)+F
V d

V nd
(f̂t+1+v̂

d
t+1)]

To deal with ̂1− Ft, consider the following conditions

1− Ft − (1− F )

1− F
≃ ̂1− Ft
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f̂t − F

F
≃ f̂t

→ 1− Ft − 1 + F ≃ ( ̂1− Ft)(1− F )

f̂t − F ≃ f̂tF

→ −(Ft − F ) ≃ ( ̂1− Ft)(1− F )

f̂t − F ≃ f̂tF

Combine the two equations we have,

f̂tF ≃ ( ̂1− Ft)(1− F )

→ ̂1− Ft ≃ − F

1− F
f̂t

Replace ̂1− Ft with − F
1−F f̂t then,

→ v̂ndt =
C1−σ
1

V nd
ĉ1,t−

H1+χ
1

V nd
ĥ1,t+βEt[−F f̂t+1+(1−F ) ˆvndt+1)+F

V d

V nd
(f̂t+1+v̂

d
t+1)]

Now, we have (B.18)

ˆvndt =
C1−σ
1

V nd
ˆc1,t − η

H1+χ
1

V nd
ˆh1,t + βEt

[(V d − V nd

V nd
)F ˆft+1 + (1− F ) ˆvndt+1 +

FV d

V nd
ˆvdt+1]

(D.1)

Now, let’s look at (B.2)

(5.2)V d = U(C2, H2) + βEt[µV
nd + (1− µ)V d]

Recall that the steady state value of (B.2) is

V d = U(C2, H2) + βEt[µV
nd + (1− µ)V d]

Then, the log-linearization of (B.2) is as follow.

→ (1 + v̂d)V d =
C1−σ
2 − 1

1− σ
− η

H1+χ
2

1 + χ
+ C1−σ

2 ĉ2,t −H1+χ
2 ĥ2,t
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+βEt[µV
nd + (1− µ)V d] + βEt[µV

ndv̂ndt+1 + (1− µ)V dv̂dt+1]

Arrange the above equation we have (B.19)

v̂dt =
C1−σ
2

V d
ˆc2,t − η

H1+χ
2

V d
ˆh2,t + βEt[µ

V nd

V d
ˆvndt+1 + (1− µ) ˆvdt+1] (D.2)

-(B.3) households default choice

P (Default) = Ft = F (V nd
t − V d

t )

→ F f̂t = F ′(V ndv̂ndt − V dv̂dt )

→ f̂t = [
F ′()

F
(V nd − V d)][

V ndv̂ndt
V nd − V d

− V dv̂dt
V nd − V d

]

Now we have (B.20)

f̂t = nx(ωndv̂
nd− ωdv̂

d) (D.3)

where ωnd = V nd
V nd−V d and ωd = V d

V nd−V d

-(B.4) intratemporal choice of non-default households

ηcσ1,tH
χ
1,t = wt

Take log-linearization

→ ηCσ
1H

χ
1 e

σĉ1,t+χĥ1,t =Weŵt

with the steady state value,

ηCσ
1H

χ
1 =W

The equation becomes

eσĉ1,t+χĥ1,t = eŵt

79



Now, we have (B.21)

σĉ1,t + χĥ1,t = ŵt

-(B.5)intertemporal choice of non-default households

1

cσ1,t
= βEt

Rt

cσ1,t+1Πt+1

Take log-linearization,

1

cσ1
e−σĉ1,t = βEt[

R

cσ1Π
er̂t−σĉ1,t+1−π̂t+1 ]

with the steady state value

1

cσ1
= βE

R

cσ1Π

substitute the steady state value,

e−σĉ1,t = Ete
r̂t−σĉ1,t+1−π̂t+1

Now we have (B.22)

−σĉ1,t = Et[r̂t − (σĉ1,t+1 + π̂t+1)]

-(B.6) budget constraints for default households

PtC2,t =WtH2,t − Tt

change every variable to real term,

c2,t = wth2,t − tt

Take log-linearization

C2(1 + ĉ2,t) =WH(1 + ŵt + ĥ2,t)− T (1 + t̂t)
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with the steady state value,

C2 =WH2 − T

the equation becomes,

C2ĉ2,t =WH(ŵt + ĥ2,t)− T (t̂t)

→ ĉ2,t =
WH

C2
(ŵt + ĥ2,t)−

T

C2
(t̂t)

which is (B.23).

-(B.7) intratemporal choice of default households

ηcσ2,tH
χ
2,t = wt

Take log-linearization

→ ηCσ
2H

χ
2 e

σĉ2,t+χĥ2,t =Weŵt

with the steady state value,

ηCσ
2H

χ
2 =W

The equation becomes

eσĉ2,t+χĥ2,t = eŵt

Now, we have (B.24)

σĉ2,t + χĥ2,t = ŵt

-(B.8) price of bond determination

qt =
(1− Ft)

Rt
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Take log-linearization

Qeq̂t =
(1− F )

R
e

̂1−Ft−r̂t

Knowing that steady state value is

q =
(1− F )

R

and ̂1− Ft ≃ − F

1− F
f̂t

, the equation becomes

eq̂t = e
̂1−Ft−r̂t

rightarrowq̂ = − F

1− F
f̂t − r̂t

which is (B.25).

-(B.9) number of total default households

Nt = (1− Ft)Nt−1 + µ(1−Nt−1)

Take log-linearization,

N(1 + n̂t = (1− F )N(1 + ̂1− Ft + n̂t−1) + µ(1−N)( ̂1−Nt−1 + 1)

with the steady state value

N = (1− F )Nt + µ(1−Nt)

the equation becomes,

Nn̂t = (1− F )N( ̂1− Ft + n̂t−1) + µ(1−N) ̂1−Nt−1

Using two conditions, ̂1− Ft = − F

1− F
f̂t
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and ̂1−Nt = − N

1−N
n̂t

→ Nn̂t = (1− F )N(− F

1− F
f̂t + n̂t−1) + µ(1−N)− N

1−N
n̂t

→ n̂t = −F f̂t + (1− F )n̂t−1 − µn̂t−1

→ n̂t = −F f̂t + (1− F − µ)n̂t−1

which is (B.26).

-(B.10) aggregate consumption

CT,t = Ntc1,t + (1−Nt)c2,t

Take log-linearization

CT (1 + ˆcT,t + 1) = NC1(1 + n̂t + ĉ1,t) + (1−N)C2(1 + ̂1−Nt + ĉ2,t)

The steady state value is

CT = Nc1 + (1−N)c2

Knowing that ̂1−Nt = − N

1−N
n̂t

, the equation becomes

→ CT ( ˆcT,t + 1) = NC1(n̂t + ĉ1,t) + (1−N)C2(−
N

1−N
n̂t + ĉ2,t)

→ ĉT,t = (
C1 − C2

CT
)Nn̂t + (

N

CT
)C1 ˆc1,t + (

1−N

CT
)C2ĉ2,t

Which is (B.27)

-(B.11) aggregate labor

Ht = NtH1,t + (1−Nt)H2,t
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Take log-linearization

H(1 + ĥt + 1) = NH1(1 + n̂t + ĉ1,t) + (1−N)H2(1 + ̂1−Nt + ĥ2,t)

The steady state value is

H = NH1 + (1−N)H2

Knowing that ̂1−Nt = − N

1−N
n̂t

, the equation becomes

→ H(ĥt + 1) = NH1(n̂t + ĥ1,t) + (1−N)H2(−
N

1−N
n̂t + ĥ2,t)

→ ĥt = (
H1 −H2

CT
)Nn̂t + (

N

H
)H1

ˆh1,t + (
1−N

H
)H2ĥ2,t

which is (B.28)

-(B.12) Marginal cost

MC =
W

A

Take log-linearization

MCem̂ct =
W

A
eŵt−ât

with the steady state value

MC =
W

A

(B.12) becomes

m̂c = ŵt − ât

which is (B.29)

-(B.17)

Yt = CT,t +Gt
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Take log-linearization

Y (1 + ŷt) = CT (1 + ĉT,t) +G(1 + ĝt)

with the steady state value,

Y = CT +G

The equation becomes

Y (ŷt) = CT (ĉT,t) +G(ĝt)

→ ŷt =
CT

Y
(ĉT,t) +

G

Y
(ĝt)

Which is (B.30)

——————————————————————————————
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Figure D.1: The dynamic effects of a government spending shock on con-
sumption in US
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Figure D.2: The dynamic effects of a government spending shock on con-
sumption in Korea
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