MONETARY - FISCAL JOINT POLICY
ANALYSIS: A RE(ﬁ/}l(\)/I]])EESLWITCHING DSGE

A Master’s Thesis

by
OMER FARUK AKBAL

Department of
Economics
Thsan Dogramac: Bilkent University
Ankara
June 2016






MONETARY - FISCAL JOINT POLICY
ANALYSIS: A RE(ﬁ/}l(\)/I]])EESLWITCHING DSGE

Graduate School of Economics and Social Sciences
of
Ihsan Dogramaci Bilkent University

by

OMER FARUK AKBAL

In Partial Fulfillment of the Requirements For the Degree
of
MASTER OF ARTS

in

THE DEPARTMENT OF
ECONOMICS
IHSAN DOGRAMACI BILKENT UNIVERSITY
ANKARA

JUNE 2016



I certify that I have read this thesis and have found that it is fully adequate, in
scope and in quality, as a thesis for the degree of Master of Arts in Economics.

&

Assist. Prof. Dr. Sang Seok Lee
Supervisor

I certify that I have read this thesis and have found that it is fully adequate, in
scope and in quality, as a thesis for the degree of Master of Arts in Economics.

__,1111&.'.?‘@_._.\

){ 2

Assoc. Prof. Dr. Hiiseyin Cagr: Saglam
Examining Committee Member

I certify that I have read this thesis and have found that it is fully adequate, in
scope and in quality, as a thesis for the degree of Master of Arts in Economics.

£

Assist. Prof. Dr. Kagan Parmaksiz
Examining Committee Member

Approval of the Graduate School of Economics and Social Sciences

Profl lDr. Halilne Demirkan
Director



ABSTRACT

MONETARY - FISCAL JOINT POLICY ANALYSIS: A
REGIME SWITCHING DSGE MODEL

AKBAL, Omer Faruk
M.A., Department of Economics

Supervisor: Assist. Prof. Dr. Sang Seok Lee

June 2016

Recent literature on the macroeconomic theory examines the importance of
the regime switching in macroeconomic dynamics. Using a regime switching
structure, this paper studies a baseline New Keynesian model with fiscal block
where regimes are defined as active monetary passive fiscal (AMPF) and pas-
sive monetary active fiscal (PMAF) regimes. In this paper, I demonstrate that
the dynamics of aggregate variables differ markedly when non-linear regime
switching solutions are considered. To be specific, output and inflation level
are more sensitive to the monetary policy shock under PMAF regime and more
sensitive to the technological shocks under AMPF regime.

Keywords: DSGE, Joint Policies, Non-linear Models, Perturbation Method,

Regime Switching
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OZET

PARA VE MALIYE POLITIKALARI ORTAK
ANALIZI: DEGISKEN REJIMLI DSGD MODELI

Akbal, Omer Faruk
Yiiksek Lisans, Iktisat Boliimii
Tez Yoneticisi: Yrd. Doc. Dr. Sang Seok Lee

Haziran 2016

Makroekonomi literatii son zamanlarda makroekonomik dinamiklerde rejim
degisiminin Onemini ¢aligmaktadir. Bu c¢aligma, temel yeni keynesyen mod-
eli, modele maliye politikas1 ve rejimlerin aktif para pasif maliye (APPM) ve
pasif para aktif maliye (PPAM) politikalari olarak tamimlandigr bir degisken
rejim yapisi ekleyerek calismaktadir. Bu tez ¢alismasinda, dogrusal olmayan
rejim degisikligi ¢oztim metodlar1 kullanildiginda toplam makroekonomik di-
namiklerin belirgin bir sekilde farklilagtigi gosterilmektedir. Bilhassa iiretim
ve enflasyon seviyeleri, PPAM rejimi diigtintildiigiinde para politikalarindaki
soklara ve APPM rejimi diigiintildtigiinde teknolojik soklara kargi daha has-
sastir.

Anahtar Kelimeler: Degisken Rejim, Dogrusal Olmayan Modeller, DSGD, Or-

tak Politikalar, Pertiirbasyon Metodu
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CHAPTER 1

INTRODUCTION

Is regime switching an important source of macroeconomic dynamics? Even
though the macroeconomics literature has focused on scenarios in which mone-
tary policy dominates fiscal policy, the seminal contributions of Leeper (1991),
Leeper and Sims (1994) and Woodford (1995) demonstrated the importance
of the reverse case which is now called “the fiscal theory of the price level”.
Considering monetary policy dominating and fiscal policy dominating regimes,
Leeper (1991) is the first to define the terms of active and passive policies. In
his study, “active monetary” policy is defined as the regime that fiscal policy
is dominated by monetary policy whereas “active fiscal” policy is defined as
the regime that monetary policy is dominated by the fiscal authority. Re-
cently, along with the New Keynesian framework, Davig and Leeper (2011)
studied joint policies with a Markov-switching structure in the New Keynesian
model. Davig and Doh (2014) and Bianchi and Melosi (2014) build simple
Markov-switching New Keynesian (MSNK) models to examine different ques-
tions about monetary-fiscal joint policies.

Regime switching structure in the DSGE models studies the responses of the

1



general equilibrium models under the assumption that there might be dif-
ferent states where all the parameters can be changed from one regime to
another. Using the regime switching idea, Farmer et al. (2009), Farmer et al.
(2011), Foerster et al. (2014) and Foerster (2013) examined linearised New
Keynesian models with an exogenously defined Markov-switching structure.
Additionally, Barthelemy and Marx (2011) and Maih (2014) solved the regime
switching DSGE models with non-linear solution methods. According to the
literature, the main difference between linearised and non-linear solution ap-
proach is that using the linearised solution one cannot observe the volatility
effect on shocks; consequently, effects of different magnitude of shocks can not
be clearly studied. Furthermore, non-linear solution methods allow us to see
the time difference of any model when responding to the exogenous shocks.
In this paper, I examined the non-linear responses of a baseline New Keyne-
sian model with a fiscal block where there exists a regime switching structure
between active monetary passive fiscal (AMPF) and passive monetary active
fiscal (PMAF) regimes. Contribution of this paper is to solve the baseline
New Keynesian model non-linearly like Barthelemy and Marx (2011) and Maih
(2014) in order to study the macroeconomic dynamics when the regimes, i.e.
AMPF and PMAF are considered as defined in Leeper (1991).

As a solution method, I followed the perturbation method used by Judd (1998).
Schmitt-Grohe and Uribe (2004) solved their RBC model with the perturba-
tion method up to second order approximation. Up to the works of Foerster
(2013) and Maih (2014), models were firstly solved by perturbation method

and Markov-switching structure examined at the end. As Foerster et al. (2014)



suggests, in order to get models’ actual responses, one should build up the
model such that the agents solve their problems knowing that there is a prob-
ability that regime can switch.

This paper studies the response of economy under monetary-fiscal joint poli-
cies in which agents are aware of the fact that for each period there should be
active monetary passive fiscal or passive monetary active fiscal regime is dom-
inating. While solving the model, a non-linear solution approach is applied in
order to be able to see the effects on the volatility on the shocks. By using
a non-linear solution method, this paper finds that one can capture the time
difference between shock responses considering a linearised model’s response
and that the level of inflation and output are more sensitive to the monetary
policy shocks under PMAF regime and more sensitive to the technological
shocks under AMPF regime when agents know that regimes can switch from

one to other in each period.



CHAPTER 2

MODEL

In this chapter, a closed economy is modelled with the baseline New Keynesian
(NK) model of Gali (2008) with an additional fiscal block and time-varying
volatility. The use of NK models is very standard in monetary policy analysis.
Considering joint policy response, I added a fiscal policy block to the baseline
New Keynesian model in order to show the impact of regime switching. Addi-
tionally, solution of the model is not linearised so that volatility effect of the

shocks can be capured more clearly.

2.1 The Model

The model structure is designed as follow. Firstly, there is the problem of the
household. Secondly, the firm’s problem is solved. Thirdly, aggregate price
dynamics and optimal price settings are clarified. Then, the market clearing
conditions are obtained. Finally, the monetary policy and fiscal policy rules

are settled.



2.1.1 Households

In this model, it is assumed that there is a representative household which is
defined as infinitely-lived. This household gains utility from its consumption
and leisure. Therefore, household chooses their consumption, C}, and their

hours of work, Ny, in order to maximize its lifetime utility function:

max E, Y _ B'U/(Cy, V) (2.1)

t=0

In which the utility function is defined as:

0 Cl—o N1+'¢J
maXEtZBt 110—1:_¢ (2.2)
t=0

The household maximizes their utility function by considering the following

budget constraint:
P,Cy + QB < Wy Ny + T, + B,y (2.3)

Solving equation (2.2) with the budget constraint of equation (2.3) we obtain

the following first order conditions (FOC’s) for the household:

NYCY = % (2.4)

Con\ 7 P
QtzﬂEt(< Ctl) B+1) (2.5)




2.1.2 Firms

In this model, it is assumed that there exist a continuum of firms which is
indexed by ¢ € [0,1]. Additionally, we assumed that we have Calvo pricing in
the model as a friction. Hence, for each period only 1-8 portion of the firms
can set their prices with optimal price setting and 6 share of the firms keep

their prices unchanged for the next period. Then for each firm ¢ we have:
Yi(i) = AN,(i)' (2.6)

where A; represents the technology in the model which is evolving according

to the following equation.
A Ay
log(jt) = palog(%) + 04€a (2.7)

Note that for each firm, the term P} is defined as the optimal price set for

period t. And the term II; is the gross inflation rate which is defined as

_ b
P

11 (2.8)

2.1.3 Price Dynamics and Settings

The equation that defines the aggregate price changes and its dynamics is:

P* 1—e
I, =0+ (1-10) (Pt ) (2.9)
t—1



When the firms are maximizing their profit by choosing optimal price setting

P} we obtain the following first order condition (FOC).

> Pr €
ZQkEt |:Qt,t+kY;t+k,k (—t — MOth—l,t+k):| (2.10)

=0 Pt,1 e—1

where I,y ;1 = Piyy/P is the gross inflation in & period, MC; is the real
marginal cost and Q; ;11 = (¥ is obtained. Writing equation (2.12) recursively,

we obtain the following first order conditions of the optimal price setting:

e H!
P* = —_t 2.11
b e—1H? (2.11)
where
H! = MC,C} P + B0H/,, (2.12)
and
H? = C}/7"Pf' + BOHL,, (2.13)
where M C; is solved as
Wi
MC; = 2.14
T RA (219

2.1.4 Market Clearing Conditions

In order to capture market clearing conditions, the output equilibrium is stated

first as

Y, =C, (2.15)



The next part is to solve the market clearing in the labor market. The hours

of work is evaluating with the following equation.

N, = / 1 Ny(i)di (2.16)

Replace equation (2.6) and following demand curve to the equation (2.17)

Ci(i) = (Péti))_e Cy (2.17)

Then we will have

}/tAt - NtAt (218)
where the term A, is defined as follow:

*

P 1—2¢
Ay =(1-06) (Ft) + 0TI A, (2.19)
t

Additionally, we have the following equation of nominal interest rate, R —t ,
from definition.

2.1.5 Policy Rules

In this model, we have two policy tools that have control on aggregate model
dynamics. The first policy is the monetary policy and the second policy is
the fiscal policy. The regime switching occurs in the policy rules where some
parameters of the policy rules can change when s, = 1 or s; = 2. More detailed

explanation will be studied in section 2.2.



The monetary policy rule is the rule that gives interest rate taking the output
gap, deviation from the inflation targeting and last period’s interest rate into
account. Therefore, following monetary policy rule is used. Note that the
response of the monetary policy rule to the inflation deviation is defined as

regime dependent variable.

Rt Rt_ Y; Ht
log(E) = pTlog(?l) + (1 - pr)¢ylog(7) + ¢,r(st)l0g(ﬁ) + 0.6, (2.21)

The second policy part comes from the fiscal policy block. The fiscal policy rule
has its own constraint, which is the budget constraint of the simple government
with no government expenditures. Following two equations defines the fiscal
policy block; hence, fiscal rule. Remember that, Gali (2008) has no fiscal block
in its baseline New Keynesian model. Therefore, the fiscal policy rule is used
as Bianchi et al. (2015) considered.

The term B; is the debt level, where the term T} is defined as tax level in the

model.
B, =Y (B + bRy + 1L, + (Y = Yioy) — Ay") = Ty (2.22)

is the debt level constraint of the government. The following equation is the

regime dependent fiscal rule.!

E = 5(,(5,5)815,1 + (Sy(}/; — Y) + 06 (223)

!'Note that the tax term 7} is actually T} — G; where, for the simplicity, the government
expenditure term is taken as zero for all time periods ¢t. Therefore, the main purpose of
fiscal block is to ensure determinacy in the solution of the regime switching model. More
complicated fiscal rules which allows to capture fiscal shock responses is left for future work.




2.1.6 First Order Conditions

Defining the model properties throughout the section 3.1 we have found the

first order conditions above. In order to solve the model computationally with-

out defining an extra steady state value, all price level dependent variables are

represented in their real or price normalised forms. Hence, price level P, is

hidden for every price dependent variable. Additionally, equations (2.15) and

(2.20) are replaced throughout the first order conditions. Note that, following

nonlinear equations, (2.24)-(2.36), define the baseline New Keynesian model

with fiscal block without any linearisation or approximation.

W, = NYYF
Y, 7 Iy
Vi1 BR,
AtNt
Y —
t A,
* thl
" (e-DH?

H' =Y MC, + 0511, | H},
HP =Y, 4 0BT HY,,
(1 o H)Pt*(lfe) _ Ql—lge—l)

Ay =(1-0)P9 1A,

Wi N,
Y

MCt:

B, = B(_l)(Bt—l +0(Reoq + 1L+ (Y = Yiy) — Ayy)) = Ty

10

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)



Rt }/;f Ht Rt—
log(—=) = (1— pr)sbylog(?) + ¢w(st)lag(ﬁ) + prlog( % Nt ove (2.34)

R
Ty = 0y(81)Bio1 + 0,(Y; = Y) + 0s¢ (2.35)
Ay A
i g 1 2.
log( A ) palog( A ) + Oaa ( 36)

2.2 Regime Switching Structure

The idea of the regime switching is to change the responses of the model by
changing the variables, consequently the FOC’s that defines the model. There-
fore, regime switching can be considered as changing parameter values in which
parameter values are defined for each regimes distinctly. Considering model
specific regimes for this model, firstly we will define four different regimes that
can be considered in regime switching literature. Terms of active and passive
policy follow the literature started with Leeper (1991).

The monetary rule in which the response of the interest rate to the deviation
of inflation from inflation target is more than one-for-one is called as active
monetary rule as Taylor (1993) stated. Similarly, if the response of the in-
terest rate to the deviation from the inflation target is less than one-for-one;
then, we can call this monetary rule as passive monetary rule.

In the fiscal block, if the tax ratio is more independent than the debt level of
government, we call this type of fiscal rule as active fiscal rule. Similarly, if
the tax level is more dependent to the debt level of government, than we call
this type of fiscal rule as passive fiscal rule.

Considering four types of regime defined above, we can talk about four different

regimes for the baseline New Keynesian model with fiscal block.

11



2.2.1 Active Monetary Passive Fiscal Regime (AMPF)

In this regime, monetary policy rule responses to the deviation from the in-
flation target more aggressively. In the same time, fiscal rule tries to have a
lower debt level; hence, the influence of debt level on tax ratio will be higher.
For any time ¢, the state variable s; =1 for this regime. Considering the model

specific parameters:
e p(l)>1
o 0i(1)>p1 -1

will be called as AMPF regime.

2.2.2 Passive Monetary Active Fiscal Regime (PMAF)

In this regime, monetary policy rule responses to the deviation from the in-
flation target less aggressively. In the same time, fiscal rule does not try to
have a lower debt level; hence, the influence of debt level on tax ratio will be
smaller. For any time ¢, the state variable s; =2 for this regime. Considering

the model specific parameters:
o ni(2) <1
[ ] 6t<2) < 6_1 - ]_

will be called as PMAF regime.

2.2.3 Active Monetary Active Fiscal Regime (AMAF)

In this regime, monetary policy rule responses to the deviation from the in-
flation target more aggressively. In the same time, fiscal rule does not try to

12



have a lower debt level; hence, the influence of debt level on tax ratio will be
smaller. For any time ¢, the state variable s; =3 for this regime. Considering

the model specific parameters:
e n(3)>1
L (575(3) < 5_1 -1

will be called as AMAF regime.

2.2.4 Passive Monetary Passive Fiscal Regime (PMPF)

In this regime, monetary policy rule responses to the deviation from the infla-
tion target less aggressively. In the same time, fiscal rule tries to have a lower
debt level; hence, the influence of debt level on tax ratio will be smaller. For
any time t, the state variable s, =4 for this regime. Considering the model

specific parameters:
[ ] pt(4) < 1
° 0y(4)>p71—1

will be called as PMPF regime.

2.2.5 Existence And Determinacy of the Solutions

As Farmer et al. (2009) and Leeper (1991) discussed, not all the regimes pro-
vide unique solutions. Intuitively, it is easy to understand that there will not
be any solution when both of the policy makers follow active policies, mean-

ing that, both fiscal and monetary policy rules concern about their objectives

13



only and not other dynamics. Therefore, there will be no solution for AMAF
regime. As further discussions, there will be determinacy in solution when
regimes are AMPF and PMAF; whereas, PMPF regime will provide indeter-
minacy in the solutions. Considering the regime that none of the policy makers

acting actively, there can be infinitely many solution to the model.

Table 2.1: Existence and Determinacy of the Solution

Active Fiscal Regime (AF) Passive Fiscal Regime (PF)
Active Monetary Regime (AM) No Solution Determinacy
Passive Monetary Regime (PM) Determinacy Indeterminacy

Table 2.1 summarizes the determinacy of the solution for each regime. Hence,
in our model only the AMPF and PMAF regimes will be used. Note that, for

further cases PMPF regime can be also considered. Therefore:
® S € {1,2} V t

Regime switching is an exogenous process that for each period t 4+ 1 there
is a probability defined so that the regime at period t switches. Therefore,
for our model we have a 22 probability transition matrix. Using the same
probability transition matrix of Bianchi et al. (2014), if the regime is defined
as AMPF, which is s, = 1 for time period ¢, it will stay in the same regime
with probability p; = 0.75 and it will switch to the PMAF, which is s;.1 = 2,
with probability 1 — (p;) = 0.25 in the period t 4 1. If the regime is stated as
PMAF, which is s; = 2 for time period ¢, it will stay in the same regime with
probability p; = 0.5 and it will switch to the AMPF, which is s;,1 = 1, with
probability 1 — (p;) = 0.5 in the time period ¢ + 1.

Considering those, following state transition matrix, H', is defined so that

14



in each period t the regime and consequently the policy rule parameters can
switch from one value to another. Note that, this transition probability matrix

is not determined by any endogenous process.

0.75 0.25
H' =

0.5 0.5

Main purpose of this thesis is to solve the baseline New Keynesian model with
fiscal block by taking the matrix H' into account while setting the problem.
Even though this transition matrix is defined exogenously, that does not mean
that agents do not know about the regime switching process. Instead, each
agent is aware that going from period t to t + 1 there is a possibility that
policy maker that rules the regime changes. Hence, their decisions will be

shaped considering the exogenously given transition matrix.>

2Calibrating the probability values of the transition matrix H® with Turkish data is
another enhancement of this paper as a future work.
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CHAPTER 3

METHODOLOGY

In order to solve the model discussed in the previous chapter with an exoge-
nously regime switching mechanism defined, perturbation method is used as
Foerster et al. (2014) and Maih (2014) suggested. Recall that their algorithm
of perturbation method allows one to find non-linear responses around steady

state.

3.1 Perturbation Method

For a given transition probability matrix H' and discrete regimes indexed as
st € {1,2,....,ns} in which the probabilities in the transition matrix give the
possibility that state switches or stays same while time period is going from ¢
to ¢+ 1.

Assuming that all regime-dependent parameters are contained in the vector
0(s;), all the exogenous shock terms are contained in the vector €;, x; is the
vector that contains all predetermined variables where z; € R"™ and y; is

the vector that contains all non-predetermined variables where y; € R™; the

16



equilibrium conditions, i.e. first order conditions, that define the model is

represented in the general form as:

Etf(yt—i-la Yty Tty Tp—1, €41, €ty 9(5t+1), Q(St)) =0 (3'1>

Note that the function f is assumed to be infinitely differentiable with respect
to all of the vectors and integration and differentiation of f are exchangeable.
Defining the steady state values of non-predetermined variables as y,, and the
steady state values of predetermined variables as x,, we need to have following

equation holds at the steady state.

Etf(yssa Yssy Lssy Lss) 0n€7 07167 06TgodiCa gergodic) =0 (32)

where 0., godic 1s the ergodic mean of 6(s,) considering the probability transition
matrix H*.

Perturbation solution is the method that allows us to find solution around
steady state. therefore, it is a local solution approach and not a global solution
method. Following the same representation with Foerster et al. (2014) it is

stated that:

Y = g(x4_1, &) (3.3)

= h(xi_1,€) (3.4)

where their steady state vectors are in the form of:

Yss = g(xsm 0n€> (35)

17



Tss = h(xssu Ons) (36)

As distinct from Blanchard and Kahn (1980)’s definition for state and con-
trol variables, forward looking variables are considered as non-predetermined
while parameters which appears at both period ¢t and ¢ — 1 are considered as
predetermined variables. From the definition, the parameters appears as both
forward looking and predetermined are classified as predetermined variables.

Hence, we have:

e Non-predetermined variables: Those are variables that appears in model

at time periods ¢ and ¢t + 1.

e Predetermined variables: Those are variables that appears in model at
time periods ¢ and ¢ — 1. Any jump variables and any variables that
are both forward looking and backward looking are also considered as

predetermined variables.

3.2 Order of Approximation

Note that the first order conditions defined (2.24) - (2.36) are non-linear equa-
tions. Considering the perturbation method, an n'* order approximation will
be used. As stated earlier, main purpose of this thesis to cover non-linear
responses of the regime switching baseline New Keynesian model with fiscal
block. Therefore, using first order approximation, one cannot observe the
non-linear responses of the model to any source of exogenous (or endogenous)
shocks.

Using second order approximation for the solution of the model, the effects of

18



different magnitudes of shocks in the model can be observed. Hence, volatility
parameters will not be ignored while we are having the impulse responses. Re-
member that, shock parameters of equations (2.34) - (2.36) have o terms along
with € terms. Having the o terms in the monetary policy rule, fiscal policy
rule and technology process we can observe different magnitude of shocks for
each period due to the variance in the shocks. Therefore, a second order ap-
proximation is more suitable to capture the non-linear behaviour of the model

than the first order approximation. !

3.3 Model Solution

For the model defined at section 2, the vectors of non-predetermined variables
yt, the vector of predetermined variables x;, the parameters of exogenously

defined shocks ¢; and the regime dependent variables (s;) are defined as follow.

€ = {arer €4 Uaea]

0(sy) = l@r(st) (5b(st)}
Yt = |:Ht Htl HE:|
Ty = [Wt N, Y, Pf A, MC, B, R T, At]

Replacing the first order conditions defined in equations (2.24) - (2.36) into

the equation (4.1) we have following vector.

Tn order to find second order approximated solutions for the model, RISE toolbox of
Maih (2014) is used

19



0= Eif (Yes1, Yty Tty Te—1, €441, €1, 0(5e41), 0(st)) =

= ﬂ(‘l)(Bt_1 +0(Ri—1 + 11 + (Y, = Yiq) — Ayp)) — T,

_ ANYyo
W, = NYY,
(5" = St
Yii1 BR:
_ ANy
Yy = 44,
Hl
pPr = <
t (e—1)H?

HY =Y, MC, + 0511, H}
H? =Y + 0B HE
(1—6)P1=9) = oI
A= (1-0)Pr9 40119 A,

MC, = Wl

) = (1 - pr)¢yl09(?t) + ¢7r(3t)log(%) + prlog(%) + 0r€p

E = (Sb(St)Bt,1 + 5y(}/;€ - Y) + 06

lOQ(%) = palog(A;fl) + Oata

3.4 Parametrization

In order to solve the model with Maih (2014) solution algorithm, parameter

values have to be given. Due to the fact that calibration is not in the scope of

this thesis, parameter values are taken from the paper of Bianchi and Melosi

(2014). All parameter values are summarized in table 3.1.
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Table 3.1: Parameter Values for Regime Switching Baseline New Keynesian
Model with Fiscal Block

Parameter Value

16 0.99
o 1
(0 3
€ 6
0 0.75
Pr 0.8
Oy 0.5
0y 0.5
Pa 0.8
o 0.01
Oq 0.01
O 0.01
¢r(1) 2
o= (2) 0.9
(1) 0.03
9(2) 0.005

Note that the regime s; = 1, is the AMPF regime in which the response of
interest rate to the deviation from the inflation target is more than one-for-
one where the tax level is highly dependent on the debt level. On the other
hand, for the regime s; = 2, which is the PMAF regime, where the response of
interest rate to the deviation from the inflation target is less than one-for-one
where the tax level is less dependent on the debt level; therefore, fiscal policy

is active.?

2In this paper, the parameter values of Bianchi and Melosi (2014) is used in order to make
the results comparable with the results of regime switching models in the recent literature.
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CHAPTER 4

RESULTS

The model summarized by equations (2.24) - (2.36) is solved via perturbation
method approach developed by Maih (2014).

In order to clarify the non-linear response of the model, both first order and
second order approximated impulse responses are obtained and compared by
using exogenous shocks whose magnitudes are one standard deviation. Ob-
serving the impulse responses to the monetary policy shock and technology
shock one can see that second order approximated results carry significant in-
formation for different cases.!

For each impulse response, agents are aware of the fact that regimes can switch
between ant two periods ¢t and ¢ + 1. Considering the probabilities, we check
the responses of the regimes while regimes did not change during the response
to any exogenous shock. Hence, even though regimes kept fixed for a short-
run, agents solve their problems by taking the probability into account while

solving their problems.

'For this baseline New Keynesian model, fiscal policy shock has no effect on the model
dynamics due to explicit assumption discussed on the footnote 1 of section 2. Recall that,
assuming net transfer term as 7T; with zero government expenditure, any shock in the gov-
ernment spending will have no effect on the constraint of the household.
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Figure 4.1: Debt Level, B;, Response to the Monetary Policy Shock Under
Fixed Regime and Regime Switching Models

4.1 Impact of the Regime Switching Structure

and Non-linear Solution

In this section model responses are compared with those which has no regime
switching mechanism introduced. For this purpose, responses of the model
with regime switching are compared with the fixed regime model responses of
the same FOC’s. In order to show the effect of the order of solution both first
order and second order approximated model responses are given. Figure 4.1
clearly shows that when an exogenous monetary shock applied to the model;
the debt level, B;, response separates significantly when a regime switching
structure is applied. Note that, regime switching responses are closer to each
other than non-regime switching responses.

Considering the figure 4.2, it is obvious that regime switching model has
significantly different response under technology shock which is coherent with
the monetary policy shock case. Also note that, second order approximation

results give a slower response in recovery period compared to the first order
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Figure 4.2: Debt Level, B;, Response to the Technology Shock Under Fixed
Regime and Regime Switching Models
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Figure 4.3: Tax Level, T;, Response to the Technology Shock Under Fixed
Regime and Regime Switching Models

responses under PMAF.

Responses of the output, Y;, and tax level, T, are also markedly different
when a regime switching structure is defined. Figure 4.3 and 4.4 displays that
difference for the exogenously defined technology shock. Checking the first
order and second order approximated model responses, it is obvious that one
can not capture the genuine response timing of the model by using a linearised

model.
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Figure 4.4: Output, Y;, Response to the Technology Shock Under Fixed
Regime and Regime Switching Models

4.2 Impulse Responses of the Regime Switch-

ing New Keynesian Model

This section illustrates the responses of the model under different shocks when
a regime switching structure is defined. As explained earlier, exogenously de-
fined monetary policy and technology shocks are examined with both linearised
and non-linear solutions in order to observe the effect of non-linear solutions

more clearly.

4.2.1 Monetary Policy Shock Responses of the Model

Applying exogenous shock to the monetary policy rule with a magnitude of
one standard deviation, we observe the following responses to the model. Note
that, following impulse response figures have both first order and second order
approximated results in order to understand the reasoning behind second order
approximation. Comparing the first order and second order approximated

model responses, we observe only small differences between different order of
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approximations in the monetary policy shock responses. The future work will
consider a more elaborate model to see whether this is due to the simplicity of
the current model.

Observing the figure 4.5, we can see that PMAF regime is more sensitive to

-3 Y
9 =10 .

AMPF -2nd Order
PMAF -2nd Order |
AMPF -1st Order
PMAF -1st Order

Figure 4.5: Output, Y;, Response to the Monetary Policy Shock

monetary policy shock than AMPF regime. This response is quite intuitive
considering that if the monetary policy is more actively practising then the
output deviation for any monetary policy shock can be observed in a lower
magnitude than the case with passively monetary policy practise.

Similar with output responses, the response of the interest rate R; to the
monetary policy shock is more sensitive when the regime is in PMAF which
can be seen in the figure 4.6, s; = 2; hence, interest rate deviates from the
steady state in a lower magnitude in AMPF regime than PMAF regime.

Apparent from the figure 4.7 that the debt level evolves into higher values
in the PMAF regime due to the fact that in active fiscal policy, policy maker
does not care about debt level that much comparing with passive fiscal regime.

Hence, the PMAF regime debt level response is more sensitive to the monetary
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Figure 4.6: Interest Rate, R;, Response to the Monetary Policy Shock
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Figure 4.7: Debt Level, B;, Response to the Monetary Policy Shock

policy shock comparing with AMPF.

Clearly, the figure 4.8 states that the tax level, T; deviates more in the PMAF
regime than AMPF regime. Additionally, due to the fact that in the active
fiscal policy, policy maker does not care about debt level B; that much, tax
level goes to steady state more slowly.

The inflation rate, II; responses are very similar with the output responses
when we have monetary policy shock exogenously given as it can be clearly

seen from the figure 4.9.

27



AMPF -2nd Order | |
PMAF -2nd Order
AMPF -1st Order
PMAF -1st Order |

Figure 4.8: Tax Level, T}, Response to the Monetary Policy Shock
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Figure 4.9: Inflation Rate, II;, Response to the Monetary Policy Shock
4.2.2 Technology Shock Responses of the Model

Applying an exogenously defined technology shock to the model, we observe
the following impulse responses. Note that, comparing with the monetary
policy shocks, effect of second order approximation is studied more clearly
with the technology shock.

The figure 4.10a shows that AMPF acts more sensitive to the technology
shock than PMAF regime. we can clearly see that second order approximated
results acts more slowly when going back to steady state under PMAF regime.

Similar with output response, the interest rate R; is more sensitive under
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Figure 4.10: Output, Y;, and Interest Rate, R;, Responses to the Technology
Shock

AMPF regime which can be seen from the figure 4.10b. Additionally, interest
rate goes back to its steady state more slowly under PMAF regime when we
observe the second order approximated results rather than the first order one.

Observing the figure 4.11, debt level goes higher values quickly in the PMAF

=10 B

AMPF -2nd Order | |
PMAF -2nd Order

AMPF -1st Order | |
PMAF -1st Order

Figure 4.11: Debt Level, B;, Response to the Technology Shock

regime comparing with AMPF regime. Most important point in that impulse
response is that, second order approximation gives a slower behaviour to reach
steady state under PMAF which is consistent with other variables such as

output and interest rate.
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Different from tax level, T}, response under monetary policy shock, tax level
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Figure 4.12: Tax Level, T;, Response to the Technology Shock

is more sensitive under AMPF regime and it moves quickly to the steady state
which can be clearly observed in the figure 4.12. However, we observe a slower
response under PMAF regime where higher order approximations give even
slower responses.

The inflation rate, II;, response is very similar to the one with monetary policy

3 PI
oY@ : . ;

/

AMPF -2nd Order | |
PMAF -2nd Order
AMPF -1st Order | |
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Figure 4.13: Inflation Rate, II;, Response to the Technology Shock

shock. As the figure 4.13 shows, in the technology shock, we observe the slower
behaviour of impulse response function under PMAF which is consistent with
other variables.
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CHAPTER 5

CONCLUSION

In this paper, a baseline New Keynesian model with fiscal block is structured
in order to study the behaviour of the economy when agents are aware that
regimes can go from AMPF to PMAF or vice versa. The model solved around
steady state with a local solution methodology which is perturbation method.
The main contribution of this paper is to set regime switching structure before
solving the model. In other words, agents solve their problems by taking the
regime switching mechanism into account. Even if the impulse responses are
observed with the assumption that regimes kept fixed during the short run, the
solution to the model always captured the probability that regime can switch
next period.

Considering the non-linear structure of the model, it is suggested that a mini-
mum second order approximation in the perturbation method should be used in
order to obtain more accurate solutions and cover the time difference between
recovery to steady state. Note that, both first order and second order ap-
proximated results give the dynamics of regime switching structure. However,
comparing the second order approximation and the first order approximation
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clearly stated that non-linear behaviour of the model is acting more slowly
while going back to steady state. Hence, using a first order linearisation as
simple IS and Phillips curve, we can not capture that speed of recovery cor-
rectly.

The model suggested that output, interest rate and inflation rate are more
sensitive to the monetary policy shocks under PMAF regime. Pacifying the
monetary policy rule, it is intuitively correct to assume a fragile interest rate
and inflation along with output under PMAF. On the other hand, considering
the structural shocks as technology shock, economy acts more sensitive under
AMPF.

Considering the non-linear behaviour of the model with the feature that agents
aware of the possibility of regime switching; this paper studied the response
of the economy under passive monetary active fiscal (PMAF) and active mon-
etary passive fiscal (AMPF) regimes. As a future work enhancement, higher
order solutions with the parameter calibration with Turkish data is aimed.
Another extend is to solve the model endogenously defined transition matrix

probabilities.
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