WSEAS TRANSACTIONS on MATHEMATICS
DOI: 10.37394/23206.2021.20.27 Adirek Vajrapatkul

The Shock Reaction in a Simple Close Economy

ADIREK VAJRAPATKUL

School of Economics,

Sukhothai Thammathirat Open University,
Chaengwattana Rd. Bangpood, Pakkret Nonthaburi 11120,
Thailand
adirek.vaj@stou.ac.th

Abstract. As the general objective of a representative government is to achieve in creating the economic
conditions that support the wellbeing of citizen, it, thus, needs to design and implement its policies in
an appropriated manner. Hence, to support the valuable information for designing and implementing
such policies, this work is designed to gain that information by trying to identify the reactions of various
variables to government policies. To meet this objective, this work proposed a simple close economy
Dynamic stochastic general equilibrium (DSGE) model with the public goods in the household
consumption bundle. Also, the usual shocks studied in the DSGE model were included in the reaction
investigation process. The Bayesian technique is then employed to estimate the model parameters by
using the quarterly detrended data of Thailand in the period of 2001 to 2019. The result showed the
crowding-out effect driven by government spending. Also, the reactions of the major macroeconomic
variables to each shock were consistent with some previous studies.

Key-words: DSGE, Close Economy, monetary policy, fiscal policy, Bayesian Estimation
Received: March 15, 2021. Revised: May 10, 2021. Accepted: May 17, 2021. Published: May 24, 2021.

1. Introduction

Government is a representative economic agent economy, needs to be identified and used in the
that acts to control the country’s economy such policy design and implementation process.
that it is in the conditions that promise the Nevertheless, having such information is not a
citizen wellbeing. This agent normally uses two simple task as the results produced from
major instruments, namely monetary and fiscal monetary and fiscal policies can be varied and
policies, to achieve that objective. However, are sensitive to the variation of policy
these instruments can be used effectively only characteristics and environmental attributes
when they are designed and implemented in the under consideration. This informs us that if the
right manner. In this regard, sufficient government launch a new marginally adjusted
information relevance to these two instruments, policy in a particular economic circumstance, it
e.g. their effects on the target variables and will  probably experience new unexpected

results. Similarly, even though, it launches the
same old policy in a new economic
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environment, it will probably discover the new
unexpected results as well.

To learn the effects of those policies,
scholars have employed several techniques. An
important technique that the scholars have used
for this purpose is Dynamic Stochastic General
Equilibrium (DSGE) model. This model allows
the scholars, especially, to investigate the
interaction between policy initiations and
variables within the economic environment.
The major advantage of this model is that it
facilitates the cooperation of several
assumptions in the analysis and thus leads to
opportunities for applications in many
circumstances. For instance, the scholars
assumed some anomaly phenomena, e.g.,
changing of preference, technology, and risk in
the model and then investigated the results
produced by monetary and fiscal policy.

With monetary policy analysis, the major
task of DSGE model, several works have tried
to explore the effects of this policy intervention
in the economy. The results from some of those
works showed that, e.g., the marginal cost [1],
work hours, investment [2, 3], consumption,
inflation, and output [4 - 6] reacted negatively
to a positive monetary policy shock. However,
the reactions of those variables to this policy
shock are condition-specific issues [6].
Therefore, when the analysts change the model
assumption, they should expect to see a unique
reaction of the variables to the monetary policy
shock.

In fiscal policy analysis, which is the
primary aim of this work, there is a puzzle in the
results of the model simulation, in particular,
there are the inconclusive outcomes of the
effects of government spending [7]. Regarding
the private spending there incur the three
probable outcomes of government spending
which are positive (crowding-in), negative
(crowding-out), and neutral outcome which can
be learned in [8,9]. For household consumption,
its reactions to government spending is
depended on, e.g., the methods of financing for
government spending, the functional form of
household utility, and other related assumptions
used in the analysis [10]. For instance, some
scholars imposed particular assumptions to
allow household consumption to increase when
facing with government budget deficit policy
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by, e.g., using the nonseparable preferences,
choosing parameters to satisfy a type of good,
i.e., an inferior good, setting particular
sufficient conditions [11], and designing the
utility  function = which  satisfies  the
complementarity relationship between public
and private consumption [12]. Also, some
scholars designed the model to reflect the non-
Ricardian type of households which save
nothing but consume all their current disposable
income and hence when there incur the
government spending shock, the level of
consumption of such household would
positively response [13]. Similarly, the
assumptions about the consumption habits, the
complementarity between consumption and
hours worked, and the initial conditions using in
the analysis can support a positive reaction of
consumption to government spending [14]. In
contrast, it is possible that government spending
can reduce household consumption if
government subsidize its budget deficit by
raising tax [11,15, 16]. Sometimes, government
spending made the output rise but drove private
consumption down [17].

Motivated by the outcomes of monetary and
fiscal policies discussed above, this work is
hence designed to learn some potential
outcomes of such policies in the hypothesized
economy embedded with public goods by using
the simple close economy DSGE model with
the Bayesian estimation techniques. It will
include the usual shock of the consumption
preference and technology in this analysis. To
meet this objective, this work will be organized
as follows. The next section will discuss the
theoretical perspective related to the effect of
monetary policy and fiscal policy on economy.
Section 3 will derive the model that is
subsequently estimated. Section 4 will describe
the data used for model estimation. In section 5,
the model will be estimated. Finally, the result
of the analysis will be shortly discussed in
Section 6.

2. Theoretical Perspective of The
Effect Of Monetary Policy and

Fiscal Policy on Economy
This section will highlight the role of monetary
and fiscal policies in stabilizing the economy
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and their effects on economy, which will be
useful for understanding the dynamics of
macroeconomic variables within the economy.
The concepts discussed in this section are
derived from [18 - 20].

Let begin with the monetary policy
conducted by the central bank to combat the
economic overgrowth and undergrowth
situation. Regarding this policy, the central
bank can control the economy to rest in the
expected equilibrium by using the monetary
policy tools to optimize the interest rate and
inflation. When the central change the policy
rate, it can produce an effect on both the market
short-term interest rate and money supply. By
changing the policy rate or the overnight loan
rate, the short-term security rate will be
changed, which will further affect other market
short-term rates. Also, the money supply can be
changed after the changing of policy rate as a
result of the effect of policy rate on the level of
bank reserve which determines the bank loan
availability.

The effects of the changing in the policy rate
are not only limit to that short-term rate and
money supply but also pass-through to other
macroeconomic variables, e.g., long-term real
interest rate, consumption, saving, investment,
and output. For the effect on the long-term
interest rate, a fall in the policy rate that
increases the supply of bank loans will reduce
the equilibrium interest rate. This reduction of
the interest rate will encourage consumption
expenditure and investment. In case that
household has only two choices of allocating
their income, i.e., consuming and saving, an
increase in consumption should mean a
decrease in saving. However, what will happen
to the aggregate demand will depend on the
multiplier effect of consumption, investment,
and saving generated after the changing of the
policy rate.

To be specific, the effects of monetary
policy can be separated into short-run and long-
run effects. For the short-run effect, as already
discussed, the reduction of the policy rate and
increase of money supply will encourage
consumption, investment, employment, and
real output. However, the increasing of money
supply also means inflation and reduction of
real value and purchasing power of money in
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the long run. In the long run, after the prices of
outputs and inputs are not sticky and completely
adjusted, the short-run benefit of this monetary
expansion will disappear. This is because the
output and input price can affect the decisions
of firms in the amount of output to be produced
and workers to be employed. That is, in the long
run, if the monetary expansion brings in
inflation but aggregate demand, the short-run
benefit of this policy will be vanished. Here,
monetary policy does not affect real output or
unemployment, but inflation.

The idea that the money supply does not
affect real economic variables, according to the
classical school of thought, is known as
monetary neutrality. Nevertheless, Keynesian
schools of thought still value the short-run
effect of monetary policy in helping economy
overcome the economic difficulties during
economic recessions and smoothing out the
business cycle.

The adjustments in expectations also
supported the neutrality of monetary policy.
That is when inflation is expected, the prices are
planned to be adjusted in advance, and hence
the effect of monetary policy will be limited,
even in the short run. Therefore, the role of
monetary policy in stabilizing the economy
comes with limitations caused by monetary
neutrality and expected behavior. Also, the
effects of monetary policy are indirect and
depended on how private decisions respond to a
change in the interest rate. Moreover, the time
lags in the operation of monetary policy are
longer than those of fiscal policy. Hence, it
needs a long-term perspective on this policy.

Now we will discuss on the fiscal policy
which relies on government spending, tax, and
transfer. Fiscal policy can affect both aggregate
demand and aggregate supply. For the demand-
side effects of fiscal policy, when government
increase its spending, the aggregate demand and
real output are expected to be increased. When
government decrease taxes, it will increase
disposable income, which will further induce
consumption and aggregate demand. For
government transfer, an increase in transfer
payments will increase disposable income,
consumption, and hence aggregate demand.
Although, government equalize its expenditure
and income by using a balanced budget policy,
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it still makes aggregate demand and output
increases because of the difference in the
multiplier effects apply to government
spending, tax, and transfer. Similar to monetary
policy, the fiscal policy has both short-run and
long-run effects. In the short run, fiscal stimulus
achieved by increasing government spending,
decreasing tax revenues, and raising
government transfer can boost aggregate
demand, real output, and employment.
However, this situation brings a rise in the price
level. So, in the long run, the effect of fiscal
policy can be neutral as the case of monetary
policy. For the supply-side effects, government
expenditure and taxes can affect aggregate
supply, e.g., when government increase its
spending in public goods, services, and
infrastructures, the productions will become
more productive which support higher
production possibility frontier which imply
larger outputs and aggregate supply.

With taxes that affect incentives to work,
save, and conduct entrepreneurial activities,
when government raises taxes, e.g., on labor
income, it will decrease labor supply and raise
the real wage rate and thus reduce labor
demand. With a low level of labor employed,
the potential output and aggregate supply are
decreased. Likewise, taxes on income from
capital can decrease saving and supply of
capital. A smaller supply of capital means
higher real interest rate and lower investment
and capital demand which will cause lesser in
output and aggregate supply. Also, taxes on the
incomes of entrepreneurs will weaken the
incentive to take risks and create new
businesses. With a small number of businesses,
the quantities of labor and capital employed are
decreased and thus potential output and
aggregate supply will be decreased as well.

Like monetary policy, the fiscal policy faces
shortcomings, especially the so-called
crowding-out effect. The crowding-out occurs
when private spending falls in responding to an
increase in government spending. When private
spending falls and the aggregate output doesn’t
increase as expected, the fiscal policy said to be
ineffective. A plausible explanation for a
reduction in private spending is that when
government increases spending, with taxes
unchanged, and borrow from the loanable funds
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market to subsidize its spending, the demand for
loans will be increased. This increased demand
will drive the interest rate up, which will in turn
discourages private investment and
consumption, while encourage private saving.
This will consequently lead to the reduction of
private spending.

3. The Model

In the following the model will be formulated
based on the simple relationship between three
representative agents, i.e., household, firm, and
government.

3.1. Households

To present the role of the households in this
setting economy, we assume that they try to
maximize their lifetime utility by consuming
both private and public goods. However, their
utility is declined by working hours. To express
this idea, the usual utility function [18- 20] was
adopted by imposing the government spending
proxied by public good in the household
consumption bundle [21- 23] as follow

1

1-c
o LIS n
{( (Cht)M+(1-0)(Cot) )n] e ()

I+o

t

B Act

o0
E
tEO o

where the constant £ denotes the intertemporal
discount factor, wis the private good
proportion in consumption bundle, 7 expresses

the elasticity of substitution between private
and public good, o and ¢ represent the inverse

elasticity of consumption and the inverse
elasticity of labor supply, respectively. The

variable C,, is private goods, whileC, and L
denote, respectively, the public goods and
working hours. The evolution of consumption is
proxied by A~; which accounts for irregular
changes in consumption [24] and moves

according to the following first-order
autoregressive process:

Volume 20, 2021



WSEAS TRANSACTIONS on MATHEMATICS
DOI: 10.37394/23206.2021.20.27

In(Ac t) = (-pac)In(Acss)+ pac I (AC t-1) +2ac ¢ -
Pac|<leacs ~N(0.Qac)-

(@)

The corresponding household budget
constraint is assumed and expressed by the
following equation:

B
WtNt + RK th + Bt +Ht = F% (Ct + |t)+;7+1+Tt s (3)
' t
where K;is the capital, B;indicates the
riskless one-period bonds, [1; denotes profit, 1
and Tiare an investment and lump-sum tax.
Also, Ry, W, Ry { represent policy rate, wage

rate, and capital rental rate.

The usual law of motion of capital is defined
by

Kiyg =(1-)Ke+1g s (4)
where ¢ is the capital depreciation rate.

The first-order condition of the household’s
problem provide
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3.2. Firms

The crucial role of firms in this hypothesized
economy can be expressed by the following
Cobb-Douglas technology production function:

a, 1-a
Yi=AreKe L

®)
where o represents the capital shared in the
production and Ap denotes the technology

evolution characterized by the first-order
autoregressive process.

The solutions to this problem are given by

WLt =(1-a)RY;, 9)
RK,th =0.’F1:Yt, (10)
and

. W 1o RK o
_ t t
P“AT,t[@—a)j { ] -

3.3. Fiscal authority
In this economy, the fiscal authority assigns the

budget for producing public goods, Cot by

taking into consideration the level of inflation
and national income in the last periods [25, 26].
Hence the rule for fiscal policy is written by:

£ (< )x
c Cn. . )G - GG
Gt :( Gt 1] (;(ssss] AG,t’(lz)

Coss Coss t—1 "t—1

Here, we assume that the monetary authority
sets the policy rate,
following rule [27, 28]:

gM Ky - Kr (174‘|\/|)
SR HEIN

where A, 1 and AG,t denote a monetary and

Rt according to the

fiscal policy evolution that follows the first-
order autoregressive process.
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3.4. Market clearing condition

Since the goods produced in this economy are
consumed and investment, we can present the
market-clearing condition by the following
equation

% =Ch+Coptlt-  (14)

3.5. Log-linear model
The key log-linear form of the model can be
written as follow

i + A ¥ o 5 c 1
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4. Data

To estimate the model, we obtained the four
series of quarterly data of Thailand covered the
period between 2001:Q1-2019:Q2 from the
World Bank database. The obtained data, i.e.,
GDP, policy rate, employment, and consumer
price index, were then detrended [29]. Their
dynamic can be observed in Figure 1.
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PCYCLE

Figurel: The quarterly detrended data series
of GDP, policy rate, employment, and CPI of
Thailand.

5. Bayesian Estimates

To estimate DSGE models, scholars often
employ Bayesian techniques [30], especially in
the complexed models to impose some features
of the data to the model. Based on this
technique, the prior information will improve
the accuracy of the estimated parameters.
However, the value of those estimated
parameters may be affected by the choice of
priors and so it makes the difficulty for
economic inference [31].

Also, Bayesian estimation allows analysts to
deal with the issues of model misspecification
and identification. In the parameter identifying
process, Bayesian techniques try to derive the
posterior distribution of those parameters with
uncertainty recognition. The posterior density
using for this purpose is of the following form

__fay)p(e)
(e yT)_ I f (a)| yT) p(a))da)’
where @ € Q is the model parameters being

estimated and 2 represent the parameter space.
Y presents the set of observed data.

f (a)| Yr ) denotes the likelihood function

the
P (a)) represents the  prior

assuming normal  distribution  of
disturbances.
density. To derive the posterior density of the
parameters, the candidate @, , K =0,1,2... are

drawn from the Markov Chain Monte Carlo
(MCMC) method. At each step K , the proposal
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density used to draw a new candidate parameter

o is a N(a)k,CZ) where Cis the scaling

constant and X is the variance-covariance
matrix that is updated in the drawing iteration
process.

f(ye|e)a(e’)

o a(er) |

a=min|],

where ( (a)* ) is the density of the candidate

parameter [33, 34].

For the estimation purpose, the prior
distributions and means selected from the
related literature were summarized in Table 2.
Because some parameters are estimated, the rest
of them, shown in Table 1, will be set according
to the values that are used in the relevant
literature, i.e., the share of capital in production
a is set to 0.3. The depreciation rates for private
capital & is set to 0.011, implying an annual
depreciation of 4.4 percent.

Table 1: Calibrated parameters

Para.  Value Source
1) 0.3 Tanboon (2008) [34]
1) 0.011 Tanboon (2008)
Co 0.8 Tanboon (2008)
- 0.85 Tanboon (2008)
Oar 0.8 Alp & Elekdag (2012) [24]
Pc 0.8 Pytlarczyk (2005) [35]

The estimation results are represented in
Table 2 and Figure 2.
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Table 2: Priors and posteriors of model

o

parameters Figure 2: (a) Priors and posteriors.
Pa Prior Posterior
ra Distr. Mean Mean HPD HPD

inf Sup varepsilonAC varepsilonAT

@ gamma  3.00 2.94 2.86 3.02 - L
Il gamma 1.00 1.00 0.93 1.07 Y 0
6 gamma  0.70 0.70 0.69 0.72 04 2
® gamma  0.50 0.46 0.52  0.50 o P .
B
Ko

gamma 0.97 0.97 0.97 0.97 50
gamma  0.20 0.21 0.19  0.22 ~ : WW

20 40 60 : 20
k, gamma 020 0.20 0.19 0.22 ’ yarepsionAL
K, gamma 0.20 0.19 0.18 0.21 5

P Deta 0.80 0.83 0.78  0.89
Figure 2: (b) Smoothed shock.

Py et 0.80 0.88 0.82  0.93
6. Results

This section will highlight the results
discovered in this work. According to Figure 3,
the shock on consumption preference can

oo IO g (SEEERL o e produce a positive effect on the consumption of
1000 oo v | private goods and a negative effect on the
500 ' 500, ' 500 ' . . .

; : consumption of public goods. For the interest
02040608 1 12 1 2 3 4 o 10 20 30 . . . .
SE_varepsilonAM doki ™ rate, it was adjusted to the price and national

1500 f 8 . .
o L 6 : income and hence partially produce the effect
00 v 3 on the level of investment. Because the overall

O oz o5 &os om oos 0@ Cos 7 12 4 consumption is enhanced, the national income

- tloma o8 is increased.

. : ’ /\/\ . /\ Refer to Figure 4 which represents the effect

S 3 A I i of a technology shock, it was discovered that

0 1 07

when there is an improvement in technology,
there occurs an increase in demand for the
inputs of production but a decrease in the input

Mo o = price. Thereafter, the fall in the cost of
2 _//\ 2 i . /\’\ production will support the reduction of price.
- — 5/ i 0 -\ Although the wage and return from renting
ey meas rhon capital are deceased, the benefit from increases
il : N : s in demand for labor and capital can support the
2 : ) : ; l rise of income and consumption. Since the
“Sw oz o= ° s o7 os o3 05 os o7 o public good is assumed to be a substituted good,
N N e it intends to fall after the household change their
J\ . J\ —J\ decision to consume more private one but it
ol h; AN ~ ,\:, M'l A\ substantially increases as the output expanded

which supported by the technology progression.
The central bank reacts to the price by
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decreasing the interest rate and successively
increase when price and national income
increase. The interaction between each variable
will continue until they back to their
equilibrium if they do not persist at another
place.

Figure 5 shows the reaction of the household
to government spending or public goods shock.
It can be observed that private consumption is
decreased after public goods increase. Also,
household investment is increased after such
public good shock occurred. The fall of the
overall consumption or demand brings down
the price, wage, and capital rental rate.
However, there are only negligible amounts of
declining in the total consumption, which
requires a short period for national income to
recover and locate above its equilibrium, which
indicates the positive effect of fiscal policy on
economic growth.

Finally, the result of the monetary policy
shock shown in Figure 6 will be shortly
discussed. After the central bank raises the
interest rate, the private good consumption,
investment, price, and input price are decreased
which lead to the fall of national income.
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Figure 3: Consumption shock.
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7. Conclusions

This work is designed to study the effect of
fiscal policy, monetary policy, consumption,
and technology shock. The major point of
interest of this work is to incorporate public
goods into the household consumption bundle
to learn the reactions of variables within the
model to particular shocks. To meet the
objective of this work, the simple close
economy DSGE model was constructed. The
model is then estimated for particular
parameters and to discover the effect of each
shock on the hypothesis economy by using the
data of Thailand. The results of the analysis are
consistent with some previous works as already
discussed in Section 5.
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Figure 4: Technology shock.
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Figure 6: Monetary policy shock
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