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Abstract: We evaluated the movement in the daily number of COVID-19 cases in response to the
real GDP during the COVID-19 pandemic in Thailand from Q1 2020 to Q1 2021. The aim of the
study was to find the number of COVID-19 cases that could maintain circulation of the country’s
economy. This is the question that most of the world’s economies have been facing and trying to
figure out. Our theoretical model introduced dynamic stochastic general equilibrium (DSGE) mod-
els with a special emphasis on Bayesian inference. From the results of the study, it was found that
the most reasonable number of COVID-19 cases that still maintains circulation of the country’s econ-
omy is about 3000 per month or about 9000 per quarter. This demonstrates that the daily number of
COVID-19 cases significantly affects the growth of Thailand’s real GDP. Economists and policy-
makers can use the results of empirical studies to come up with guidelines or policies that can be
implemented to reduce the number of infections to satisfactory levels in order to avoid Thailand
lockdown. Although the COVID-19 outbreak can be suppressed through lockdown, the country
cannot be locked down all the time.

Keywords: Bayesian; DSGE; COVID-19; Thailand’s economy circulation; number of coronavirus
disease 2019 cases; the optimal number of COVID-19 cases

1. Introduction

The global outbreak of the COVID-19 pandemic has affected all countries in terms of
economy, politics, and society. McKibbin and Fernando (2020) stated that the COVID-19
global pandemic has caused significant global economic and social disruption. Thailand
has also been affected by the COVID-19 pandemic just as the world is experiencing. The
spread of COVID-19 in Thailand can be divided into three waves until now. The first wave
of the epidemic occurred in early 2020, the second wave started in late 2020, and the latest
wave, or the third wave, started in late March or early April 2021.

The first wave of the outbreak of Thailand started at the beginning of last year. Dur-
ing January 2020, Thailand began to have foreign screening measures at Bangkok’s Su-
varnabhumi Airport. As a result of screening measures, Thailand found the first case of
COVID-19 in the country. After finding the first confirmed cases of COVID-19, the De-
partment of Disease Control has continued to monitor and screen passengers on planes.
It has also closely and continuously monitored the situation of patients in foreign coun-
tries. After Thailand had started screening a number of patients, the Department of Dis-
ease Control and the Ministry of Public Health upgraded the emergency operations center
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to level 2 and level 3, respectively. The aim of raising the level of the emergency system
was to closely monitor the situation of the disease both at home and abroad (source: De-
partment of Disease Control, Ministry of Public Health). Soon after, the country experi-
enced a new round of cluster outbreaks in public places such as entertainment venues,
boxing stadiums, and religious ceremonies despite Thailand’s strict tourist screening
measures. This has led the country to carry out more stringent action such as lockdown
measures in areas that are at risk of spreading the COVID-19 epidemic. Although Thai-
land is willing to use the economic damage from lockdowns as the cost to try to bring the
number of infections in the country to zero for almost a year, a new wave of outbreaks has
emerged.

A new wave of cases of the outbreak following the lockdown in the country occurred
on 17 December 2020 at the Central Shrimp Market in Samut Sakhon province. This round
of COVID-19 outbreaks was considered to be the second round of outbreaks in Thailand.
In this wave, the infection was detected from foreign workers who came to work at the
Central Shrimp Market. As this outbreak came from a group of workers, the infection
spread rapidly due to a large concentration of labor in the area. From the cases of infected
people in Samut Sakhon province, this time, the number of new cases in Thailand were
found to be 576. Therefore, the Ministry of Public Health issued measures for control, in-
volving carrying out space lockdown measures together with screening measures and
proactive examination in various places. It is hoped that Thailand will be able to control
the spread of the epidemic and control the number of infected people, instead of spread-
ing or increasing the number of infected people. In addition, the Ministry of Public Health
has prepared protective equipment, patient beds, medical supplies, and medicines to pre-
pare for the treatment of patients with coronavirus. However, from the aforementioned
preventive measures that have been implemented since the beginning of 2020 until the
end of 2020, a number of new infections are still being found. Recently, Thailand has ex-
perienced a third wave of COVID-19 outbreaks in April 2021. By analyzing the number of
confirmed cases, it can be concluded that this cycle had more cases than the previous wave
of infections, as shown in Figures 1 and 2. Figure 1 shows the number of daily COVID-19
cases. The graph indicates that the number of daily infections increased sharply since the
beginning of April as compared to the number of infections from the previous wave. With
the latest figures reported (reference as of 13 July 2021), the number of infected people
stood at 8685. Figure 2 shows the total COVID-19 cases in Thailand from January 2020 to
July 2021. The graph shows that the cumulative number of infections from the beginning
of 2020 to the middle of 2021 increased and the level of this increase was significant in
April 2021. Based on the statistics of the number of infected cases shown, we can conclude
that past preventive measures such as proactive screening measures or even lockdown
measures have not been very effective as a guideline for tackling the spread of COVID-19,
as we can see that the number of infected people has continued to increase.
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Figure 1. New daily cases in Thailand (source: https://www.worldometers.info/coronavirus/coun-
try/thailand/ (accessed on 8 October 2021)).
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Figure 2. Total coronavirus cases in Thailand (source: https://www.worldometers.info/corona-
virus/country/thailand/ (accessed on 8 October 2021)).

After a third wave of COVID-19 pandemic outbreaks in April 2021, we have been
aware of the increasing number of infections and their tendency to increase steadily; as a
result, Thailand had to try to find other ways to solve the COVID-19 epidemic more effec-
tively. Therefore, since April 2021, Thailand has started implementing a vaccination pol-
icy by distributing to at-risk groups or to medical personnel first. The statistics of the num-
ber of people who have been vaccinated in Thailand and the percentage of people who
have been vaccinated in Thailand are shown in Figures 3 and 4.
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Figure 3. The number of people who received at least one dose of the COVID-19 vaccine (source:
https://www.worldometers.info/coronavirus/country/thailand/ (accessed on 8 October 2021)).
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Figure 3 shows the number of Thai people who received at least one dose of the
COVID-19 vaccine. This figure shows that Thailand is trying to push policies on the dis-
tribution of vaccines to the public thoroughly. This can be observed from the increasing
number of people vaccinated in Thailand since March 2021 until now.

Thailand
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Source: Official dala collaled by Qur World in Dala. ceBy

Figure 4. The share of people who received at least one dose of the COVID-19 vaccine (source:
https://www.worldometers.info/coronavirus/country/thailand/ (accessed on 8 October 2021)).

Figure 4 shows the share of Thai people who received at least one dose of the COVID-
19 vaccine. This figure shows the increasing percentage of Thai people vaccinated in Thai-
land. The current population of Thailand is 70,015,933 as of Sunday, 26 September 2021,
based on Worldometer’s elaboration of the latest United Nations data (source:
https://www.worldometers.info/ (accessed on 8 October 2021)). A percentage of 22.73% of
Thailand’s population have been fully vaccinated against COVID-19 and 19.45% of Thai-
land’s population have only partly been vaccinated against COVID-19 (source:
https://ourworldindata.org/ (accessed on 8 October 2021)).

Furthermore, Figure 5 also shows better signs that vaccinations are being distributed
to all people with greater access to the COVID-19 vaccine and when compared with other
Asian countries. Thailand has a higher level of vaccination distribution than other coun-
tries in Asia as well (see Figure 5). Thailand has the second highest number of vaccinated
persons among ASEAN-10 countries after Indonesia, followed by Malaysia, Vietnam,
Philippines, Cambodia, Singapore, Myanmar, Laos, and Brunei.
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Figure 5. The number of people who received at least one dose of the COVID-19 vaccine in ASEAN-
10 (source: https://www.worldometers.info/coronavirus/country/thailand/ (accessed on 8 October
2021)).
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Thailand has issued a policy of vaccination to prevent COVID-19 due to the large
number of infected people. Vaccination measures have begun to be implemented with the
distribution of vaccinations to various provinces across the country. It is hoped that vac-
cination will reduce the number of infected people. However, from the daily reports of
infected people, the number of new cases in Thailand has continued despite the fact that
Thailand has had more COVID-19 vaccinations. Moreover, the death rate has continued
to rise since the April outbreak (see Figure 6). Figure 6 shows the total coronavirus deaths
in Thailand. From Figure 6, it can be seen that the mortality rate tended to increase day by
day, even after vaccination.

Total Deaths

(Linear Scale)
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&
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a
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Figure 6. Total coronavirus deaths in Thailand (source: https://www.worldometers.info/corona-
virus/country/thailand/ (accessed on 8 October 2021)).

Figure 7 shows the total confirmed COVID-19 cases per million people in ASEAN-
10. By comparing the number of COVID-19 cases in ASEAN-10, as shown in Figure 7,
Thailand still has more cases than Singapore, Brunei, Myanmar, Vietnam, Cambodia, and
Laos, although Thailand has more people who have been vaccinated. Therefore, all the
data statistics support the idea that although Thailand has continuously increased
COVID-19 vaccinations, it still cannot bring the infection down to a level where new in-
fections are undetectable, and not anytime soon. However, we have not seen a trend to
achieving control of this wave of disease anytime soon; in other words, Thailand has not
been able to detect new infections. The authors have therefore tried to find the right num-
ber of infections during the crisis period in order to try to reduce the economic impact that
will occur to the country. The number obtained from this study will be the number of new
cases that also contribute to the country’s real economy with the GDP that can continue
to circulate.
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Figure 7. The total confirmed COVID-19 cases per million people in ASEAN-10 (source:
https://www.worldometers.info/coronavirus/country/thailand/ (accessed on 8 October 2021)).

Therefore, based on all data, it has been accepted in this study that the country will be
unable to limit the number of infections to zero in the near future. Due to the fact that Thailand
does not have any new cases, causing the number of new infections to stay at zero, it may not
be able to achieve this in the near-term. Although Thailand has continuously been vaccinating
people, at the same time, the country’s economy cannot be disrupted by the number of infec-
tions being found each day. This has caused researchers to realize the importance of this issue
in trying to keep the country’s economy circulating despite the number of infections found.
This is something that the government should pay attention to because the country is not able
to vaccinate everyone in the country at the moment, and the government cannot lock-down
the whole country at the same time, because of the economic impact that will have. According
to a study by Hiirtgen (2020), it was stated that the “Great Lockdown” implemented in re-
sponse to the COVID-19 pandemic led to a severe worldwide economic crisis. This demon-
strates the opinion that limiting the number of infected people is the most appropriate method
that can be carried out at this time to avoid the country’s lockdown policy. For that reason, the
researchers intended to find the optimal number of COVID-19 cases in Thailand to maintain
circulation of the country’s economy even though a number of people are still contracting in-
fections.

In this study, we chose the model called dynamic stochastic general equilibrium
(DSGE) with a Bayesian approach using modern macroeconomic theory to explain and
predict co-movements of aggregate time series over the business cycle and to perform
policy analysis. As the econometric analysis has to cope with several challenges, including
potential model misspecification and identification problems, the Bayesian framework
can address these challenges (An and Schorfheide 2007). This study is the first DSGE
model-based Bayesian approach in analyzing the effects of COVID-19 infection to the Thai
economy. Our contribution is to apply this method successively to an artificial dataset
generated from a Bayesian DSGE model. We provided some evidence on the performance
of Markov Chain Monte Carlo (MCMC) methods that have been applied to the Bayesian
estimation of DSGE models. Moreover, we present the results about the response pattern
of real GDP to the number of daily COVID-19 cases. The remaining parts of the paper are
arranged as follows: the literature review is discussed in Section 2, Section 3 demonstrates
the data and methodology, Section 4 presents the empirical results, and Section 5 finally
describes the conclusions and policy recommendations.



Economies 2021, 9, 151

7 of 24

2. Literature Review

There is much research that has studied the policy or the impact of policies used to
deal with the COVID-19 pandemic, especially lockdown policy, e.g., Ng (2020), Alvarez
et al. (2020), Gonzalez-Eiras and Niepelt (2020), and Maliszewska et al. (2020).
Maliszewska et al. (2020) studied the potential impact of COVID-19 on gross domestic
product and trade, using a general equilibrium model. They modeled the shock as an un-
derutilization of labor and capital, an increase in international trade costs, a drop in travel
services, and a redirection of demand away from activities that require proximity between
people. A baseline global pandemic scenario saw gross domestic product falling below
the benchmark around the world. The largest negative shock was the output of domestic
services and traded tourist services. Ng (2020) studied macroeconomic analysis on the
COVID-19 epidemic in the US and found that the lockdown policy alone was ineffective
in controlling the epidemic. Broadening testing solely will accelerate the return to normal
life as there are fewer infected people hanging around. However, as people do not inter-
nalize the social costs of returning to normal life, the epidemic could become even worse.
Moreover, increasing medical capacity without any other measures only has temporary
effects on reducing the death toll. Alvarez et al. (2020) studied the optimal lockdown pol-
icy in order to control the fatalities of a pandemic while minimizing the output costs of
the lockdown by employing the SIR epidemiology model and a linear economy. The op-
timal policy prescribes a severe lockdown beginning two weeks after the outbreak and is
gradually withdrawn after 3 months. Welfare under the optimal policy is higher; there-
fore, shortening the duration of the optimal lockdown is one of the considerations. Gon-
zalez-Eiras and Niepelt (2020) tried to determine formulas for the optimal lockdown in-
tensity and duration. The optimal policy reflects the rate of time preference, epidemiolog-
ical factors, the hazard rate of vaccine discovery, learning effects in the healthcare sector,
and the severity of output losses due to a lockdown. COVID-19 shock triggers a reduction
in economic activity by two thirds or approximately 9.5% of annual GDP.

The model called the dynamic stochastic general equilibrium (DSGE) model was cho-
sen to be employed in various studies (Alaminos et al. 2020; Amiri et al. 2021), especially
being used in the study of the current COVID-19 pandemic situation that the world is
experiencing. The DSGE model is one of the most popular and interesting models for an-
alyzing the COVID-19 situation and economic cycle. Examples of studies that are related
to COVID-19 and economic cycles where the DSGE model has been used are Can et al.
(2021), Hiirtgen (2021), Bosca et al. (2021), and Hiirtgen (2020). Can et al. (2021) explored
the effectiveness of macroeconomic recovery policies in Turkey implemented by fiscal and
monetary authorities against the COVID-19 pandemic. Consequently, a dynamic stochas-
tic general equilibrium (DSGE) model was built. Stochastic simulations of the model re-
vealed the propagation of COVID-19 shock, and the impacts of fiscal and monetary tools
on the selected economic variables. The simulations indicated that direct fiscal measures
were more effective in mitigating negative economic impacts of COVID-19. Hiirtgen
(2020) and Hiirtgen (2021) explored the response of the “Great Lockdown” to the COVID-
19 pandemic. This policy has led to a severe worldwide economic crisis, while Hiirtgen
(2020) found that fiscal space contracted by 58.4% of national GDP for the five largest euro
area countries. In a worst-case scenario, fiscal space was at 28.6% for Italy and 65.9% of
national GDP for Germany. Moreover, Hiirtgen (2021) found that the fiscal space con-
tracted by 58.4% of national GDP on average. Bosca et al. (2021) analyzed the stabilizing
macroeconomic effects of economic policies during the COVID-19 crisis in Spain by em-
ploying the DSGE model estimated for the Spanish economy. The empirical findings
showed that the annual gross domestic product (GDP) fell by at least 7.6 points during
the most severe part of the COVID-19 pandemic.

Furthermore, the DSGE model was extended into the DSGE model based on the
Bayesian approach. There have been many studies that have reviewed Bayesian estima-
tion and evaluation techniques that have been developed for empirical work with the
DSGE model, e.g., An and Schorfheide (2007), Kim and Pagan (1995), and Canova (2007).
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The concept of using the DSGE model-based Bayesian approach was because the Bayesian
framework could address the challenges such as potential model misspecification and
identification problems, while the econometric analysis could not do so. The DSGE model-
based Bayesian approach, which was extended from the original model of DSGE, was
employed in various studies such as Zhang and Zhang (2020) and Nakhli et al. (2021).
Zhang and Zhang (2020) investigated the economic and environmental effects of the car-
bon tax and carbon intensity target. The results indicate that both the carbon tax and car-
bon intensity target policies have a negative effect on China’s economy and environment.
Moreover, Nakhli et al. (2021) analyzed the effects of sanctions and found that sanctions
on the oil industry had a number of impacts, such as reducing the amount of foreign and
government investment. Moreover, in the financial and exchange sectors, sanctions re-
duce the central bank’s foreign exchange reserve ratio, which slightly increases the ex-
change rate. As a result, nonoil exports increased and imports decreased. In the public
sector, government oil revenues declined; however, consumption expenditures increased
and investment expenditures declined due to projected inflation in the household sector.
The conclusions from all previous studies indicated that the Bayesian DSGE model can be
applied to all fields of analysis. This model demonstrates its usefulness for analysis in
using macroeconomic data to analyze business cycles.

3. Research Methodology and Dataset
3.1. Methodology
3.1.1. Bayesian Structural Time Series (BSTS) Analysis for Nowcasting

The Bayesian structural time series model is shown in Equation (1) (Koduvely 2015;
Jun 2019):

P(x |0)P(6)

POIX)=—F S

Q)

where:
X is the observed data;

0 isthe parameter;
P(x]8) is the function of prior and likelihood;

P(6|x) is the function of posterior.

This model is updated by learning x given 6, which is a likelihood. The Gaussian
distribution and the Bayesian regression model can be employed in order to set the prior.
The model can be shown as in Equation (2) (Gelman and Shalizi 2013).

P
y=B+.Bx +e 2
p=1

where € is a Gaussian distribution with (0,0 2). In this application, inverse-chi square

(Inv- x*) is the determinant of the prior of & . This can be described as shown in Equa-
tion (3).

o’ ~Inv—x*(n—-p,s*) 3)

where:

n is the data;

p is the size of the parameter;
s* is given by Equation (4).

= (y-xp) (vy-xR) @
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The local linear trend is the first component of the BSTS model for nowcasting with-
out behavioral data from Google Trends. The local linear trend can be defined by the two
following formulas:

Moy =1+ 5[ +77y,t ®)
5t+1 =5t +775,t (6)
where:
2
M is the normal distribution N, Ot );
s, N(O’ O-‘?f)

is the normal distribution

M, is the trend value at time ¢;
O, is the expected increasein 4 between time fand ¢ + 1.

Thus, it can be implied as a slope at time f. On the other hand, the data from Google
Trends are included in the model from the modification of Equation (2).
Thus, it starts with Equation (2) as

P
y=p5 +Zﬁixi te
p=1

When the data from Google Trends are included as

yi=m+ By g, )
:ut+1 = /uz + 51 + 770,t (8)
5t+1 = 5; +1,, )

where [ Txt is the dimension of behavioral factors included into the structural time-se-

ries model.

3.1.2. DSGE Models

There are some pioneering studies on the Bayesian DSGE model, such as An and
Schorfheide (2007), Kim and Pagan (1995), and the book by Canova (2007). The household,
firm, and financial sectors can be considered in the economics model. Output is produced
according to the Cobb—Douglas production function.

GDP =K*(A4N,)™ (10)
where:
K, is the capital stock at the beginning of period (t);
N, is the labor (input);
A, is a technology.

The economics model is perturbated by technology and money stock processes. Tech-
nology is shown in Equation (11).

In(4,)=y+Ind -1+¢,, ;gA,[~N(O,O'j) 1)

Money stock (M t) grows at rate m, = M

t+1

/' M,, which is defined by the central

bank. This equation can be written as shown in Equation (12).
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Inm, =(1-p)lnm’ + plnm, ~1+¢,, ;&,, ~N(0’0’%4) (12)

Equation (12) is a simple rule of monetary policy. First, at period t, M, is the entire

money stock of the economy, which inherits by household. P is the price level. In the

standard CIA model, all decisions made rely on the changing of the money growth and
technology. The D, is the households’ money that deposit at the bank with interest rate
atrate R, —1.

The bank receives household deposits and a monetary injection (Xt) from the cen-

tral bank, which it lends to the firm at rate R e 1. The firm hires labor from the house-

hold and pays wages (VVIH . ) , which are borrowed from the financial institution. The

cash balance of the household increases to M, —D, + W, H,. The consumption function
is illustrated as in Equation (13).

o Eo[iﬂt [(1—¢)lnCt+¢ln(1—Ht) ]}

s.t. PC,<M,-D,+WH, (13)
0<D,
M,+1=(M,-D,+W,H,-PC,)+R, D, +FB,

where:

M, —D,+W H, isthe cash balance of the household;

F; is the dividend of net cash inflow from firm to household;

Bt is the dividend of net cash inflow from bank to household;

C , is the consumption;

H, is the working hours;

D, is the positive deposits.

Equation (14) is the financial equation.

© F
max E 22 S N
{F;’levaLz} 0 |:;ﬁ CI+IPI+| :|

14
sit. F;SL,+P,[K;°(A7N[)l’“—KM+(1—5)KJ—W,N[—L,RFJ (9

WN, <L
where:
K 1 1s the capital stock at the next period (t + 1);
N, is the demand of labor;
F; is the dividend,;

! is the loans.
Equation (15) is the trivial problem that is solved by the financial intermediary.
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el B
st. B=D,+R.,L—R, D —L+X,
L <X +D,
where:
X, is the monetary injection when X, =M, , —M ;
H, is the condition of market clearing for the market of labor when H, =N,;

PC, is the condition of market clearing for the market of money when PC, =M, + X,

C + (Kt +1 —(1 -0 ) KZ) is the condition for the goods market when
a I-a

C,+(K,+1-(1-0)K,) =K (4H,)";

R, =R, is the equilibrium point.

As we assume that the household makes the decision (Dt) of deposit before ob-

serving the shock from monetary growth ({;‘ M ) and technology (8 A,t) , after the
household is observed, the household chooses the consumption (C , ), the labor supply
(]‘It), and the deposit of the next period (D

, +1) . In the case after the change of money

growth rates, the household cannot revise its deposit decision. Thus, the nominal interest
rate falls as the firm absorbs the additional cash. Christiano and Eichenbaum (1992) stated
that the household holds cash in order to make the liquidity persistently. The portfolio
management cost is introduced, as shown in Equation (16).

P=aqa exp{oz2 {QQ,: —m*}}ﬂzxp{—az [%—m*}}—2 (16)

where () is the household’s cash holding when O, =M, — D, . Equation (7) can reduce

the time available for leisure. Thus, the household’s problem is shown in Equation (17).

mgﬁﬁ%}E{Z?Tﬁp¢ﬂmQ+¢m@—m—éﬂ
st. PC,<Q +WH, (17)
Q <M,
M, =(Q,+W,H ~PC)+R,,(M,~Q)+F +B,

The optimality conditions can be derived in order to maximize the problems. The real

variables are detrended by the productivity (At ) . The price level is detrended by % .
t

X,,0 and D, are detrended by M, . This illustrates that the system in the detrended

variables has a deterministic steady state and can be log-linearized around it, eliminating
the unstable roots according to the algorithm in Sims (1995), which provide the solution
to a linear rational expectation system.

Let y, be a vector of observed variables. The log-linearized DSGE model yields

state-space representations for ;.
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[1]

Y, = +E *, (18)

S, =W, —1+¥., , & ~iid N(0,Y_,) (19)

where:

= is v ; are the parameters of the structural DSGE model:

&t = I:EA’[,EM’,]

Z . is the diagonal matrix with elements Gj and (71%4 .

S

, is the vector of percentage deviations of detrended model variables from the

steady-state.
9=[a,ﬂ,y,m*,p,¢,5,O'A,O'M,a1,a2] (20)

The joint probability for the data Y, = [ Viseros Vr ]’ can derived from the DSGE

model.

3.1.3. Bayesian DSGE Model
We assume that M, is the CIA (cash-in-advance) model and M, is the PAC

model. 6, € ®, is the parameter vector of the CIA model. &, € ®, is the parameter

vector of the PAC model. The Bayesian approach was adopted and placed the probability
on models and their parameters.

Let p (YT |16, M1) be the likelihood function for the CIA model:
P(6,1M,) is the prior for parameters;
p(YT |6,, Mz) is the likelihood function for the PAC model;
P (6’2 IM, ) is the prior for parameters.
Thus, we can conclude that p(YT | Hi,Mi) is the likelihood function for model i.

p ((91 M, ) is the prior for parameters in model 1.
For model evaluation, we follow four steps as the following;

Step 1: Calculate posterior distributions [ p(@l | YT,M)] for parameters of model
I:H(i)} and calculate posterior probability.
7, . p\ Y | M,
7Z'l,T_ t,Op( T| l)

-2
Zﬂ-i,op(YT |Mz)
i=0

21)

where p (YT | M i) is the marginal density of data:

p(YT|Mi)=_[p(}/;|9(i)’Mi)p(0(i)|Mi)de(i) (22)
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Step 2: The characteristics of population (q)) are a function [ f (9(1,) )J of the pa-
rameter 0(;-) . The posterior for ¢ conditional on model M, can be divided based on

the posterior distribution of 49(1.) . p ((p | Y., M, ) is the notation of the posterior.

The overall posterior of ¢ is shown in Equation (23).

2
p((/’|YT)=Z”i,Tp((/’|YTvM1) (23)
i=0

where p ((/) | Y., M l.) is the weights of the density.

p ((p | Y., M l.) can be determined by the posterior probabilities 7,7 .
Step 3: The ability of the DSGE model can be assessed by employing the loss function
(L (gp, @)) . We assess the DSGE model to replicate patterns of co-movement among key

macroeconomic variables and impulse responses to structural shocks. The loss function

penalizes deviations in DSGE model predictions ¢ from population characteristics ¢ .
The prediction from the DSGE model M, is obtained as follows:

1

The optimal predictor is shown in Equation (24).
¢, =arg min__. [L(p.¢)p(p|Y,,M,)dg (24)

where p ((0 | Y, T) is the overall posterior distribution.

The two DSGE models are determined according to the expected loss (risk) of .

under the overall posterior distribution.
The posterior risk is shown in Equation (25).

R(¢1Y)=[L(9.5)p(0|Y;)do (25)

The posterior risk can measure of how well model M, predicts the population char-

acteristics ¢ . We can select the DSGE model M, that minimizes R ((/3! | YT) .

Step 4: We solve the minimization problem in order to derive loss function parameter

estimates 91,1‘ as ¢ isa function [ /i (-)] of the parameters 9(,.) . This is illustrated as

shown in Equation (26).

0, = arg mine(,)eta(,) R (fz (6’(1')) | YT) (26)

These estimates can find the structural parameter estimates that achieve the best fit
of model M, in a particular dimension.

3.2. Dataset

According to this research, we attempt to forecast the optimal numbers of COVID-19
infection at the level for maintaining the economic circular flows in Thailand for avoiding
lockdown policy. Thus, the dataset for this research focused on the macroeconomic data
(2020-2021) and new cases of COVID-19 infection from 2020 to 2021 (the starting point of
the COVID-19 pandemic of Thailand wuntil the present time: source:
https://ddc.moph.go.th/viralpneumonia/index.php (accessed on 8 October 2021)).
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4. Empirical Results
4.1. Data Visualization and Data Description

Figure 8. shows the data visualization for real GDP and the number of COVID-19
infection cases from Q1 2020 to Q1 2021. The original quarterly dataset consists of five
observations.

Table 1. shows the statistical data for real GDP and the number of COVID-19 infec-
tion cases. The minimum and maximum of the datasets of real GDP are 95,315 and 105,349,
respectively. The mean of the real GDP dataset is 101,410, while the mean of the number
of COVID-19 infection cases is 5688. The minimum and maximum of the dataset of the
number of COVID-19 infection cases are 486 and 20,656, respectively.

[+ 1
8 g
2 E

g |

:

-
y
]
£ E

ll')“

:

D_.

Figure 8. Data visualization (source: author).

Table 1. Data statistics description (source: calculated).

Real GDP (mn USD) Infected Number (Persons)

Min. 95,315 486
1st Qu. 101,356 1516
Median 102,424 2170

Mean 101,410 5688
3rd Qu. 102,605 3613

Max. 105,349 20,656

4.2. Data Simulation by Bayesian Regression Model
4.2.1. Observations = 100 (Quaternary Data)

Figure 9 shows the simulated dataset for real GDP and the number of COVID-19
infection cases. In this case, we simulated the dataset equaling 100 observations (n = 100).

Table 2 shows the statistical dataset (n = 100) after simulating for real GDP and the
number of COVID-19 infection cases. The minimum and maximum of the dataset of real
GDP are 100,658 and 106,440, respectively. The median of the real GDP dataset is 103,981,
while the median of the number of COVID-19 infection cases is 8369. The minimum and
maximum of the datasets of the number of COVID-19 infection cases are 3936 and 14,071,
respectively.
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Figure 9. The data simulation n = 100 (source: author).

Table 2. Data statistics description (source: calculated).

Real GDP (mn USD) Infected Number (Persons)

Min. 100,658 3936
1st Qu. 103,271 7080
Median 103,981 8369

Mean 103,955 8430
3rd Qu. 104,942 9845

Max. 106,440 14,071

4.2.2. Observations = 250 (Quaternary Data)

Figure 10. shows the simulated dataset for real GDP and the number of COVID-19
infection cases. In this case, we simulated a dataset equaling 250 observations (n = 250).

Table 3. shows the statistical dataset (n = 250) after simulating for real GDP and the
number of COVID-19 infection cases. The minimum and maximum of the dataset of real
GDP are 102,286 and 120,152, respectively. The median of the real GDP dataset is 110,920,
while the median of the number of COVID-19 infection cases is 16,146. The minimum and
maximum of the dataset of the number of COVID-19 infection cases are 1448 and 24,751,
respectively.
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Figure 10. The data simulation n = 250 (source: author).

Table 3. Data statistics description (source: calculated).

Real GDP (mn USD) Infected Number (Persons)

Min. 102,286 1448
1st Qu. 106,618 13,178
Median 110,920 16,146

Mean 110,750 15,621
3rd Qu. 114,444 18,651

Max. 120,152 24,751

4.2.3. Observations = 500 (Quaternary Data)

Figure 11 shows the simulated dataset for real GDP and the number of COVID-19
infection cases. In this case, we simulated a dataset equaling 500 observations (1 = 500).

simulation_data

100 200 300 400 500

Figure 11. The data simulation n = 500 (Source: author).
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101,000

105,000

Table 4 shows the statistical dataset (n = 500) after simulating for real GDP and the
number of COVID-19 infection cases. The minimum and maximum of the dataset of real
GDP are 100,978 and 166,756, respectively. The median of the real GDP dataset is 121,594,
while the median of the number of COVID-19 infection cases is 32,161. The minimum and
maximum of the dataset of the number of COVID-19 infection cases are 3623 and 66,321,
respectively.

Table 4. Data statistics description (source: calculated).

Real GDP (mn USD) Infected Number (Persons)

Min. 100,978 3623
1st Qu. 112,223 26,260
Median 121,594 32,161

Mean 123,446 34,551
3rd Qu. 131,142 43,954

Max. 166,756 66,321

4.3. Regression Kink Model

In this case, after we simulated data equal to 100 observations, the kink model could
be used. The turning point is 8588.128 (as shown in Figure 12 and Table A2 in Appendix
A). From this number, it can be concluded that during each quarter of the COVID-19 pan-
demic outbreak, the study found that the optimal number of COVID-19 cases should not
exceed 8588.128 cases per quarter. In addition, 5571.63 and 9972.63 are the lower- and
upper-bound, respectively. Therefore, the number of infections can range from 5571.63 to
9972.63, which is considered the number of infections that will keep the country’s econ-
omy circulating (see more detail in Appendix A).

105,000

£588.128 . %

10000 12000 14000

Infection

Figure 12. The relationship between the number of COVID-19 infection cases and GDP in Thailand when # = 100 (source:

author).

In this case, after we simulated data equal to 250 observations, the kink model could
be used. The turning point is 12,365.55 (as shown in Figure 13 and Table A4 in Appendix
A). Figure 13 shows the decline in GDP levels after passing the turning kink point. It can
be concluded that if the number of infected people is more than 12,365.55 cases per quar-
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ter, the country’s GDP tends to decrease significantly. Therefore, the number of such in-
fections cannot keep the country’s economy circulating in the future (see more detail in

Appendix A)

120,000
1

115,000
|

DP

R_Gi
110,000

105,000

5000 10000 15000 20000

infection

Figure 13. The relationship between number of COVID-19 infection cases and GDP in Thailand
when n =250 (source: author).

In this case, after we simulated data equal to 500 observations, the kink model could
be used. The turning point is 22,843.47 (as shown in Figure 14 and Table A6 in Appendix
A). Figure 14 shows the decline in GDP levels after passing the turning kink point. It can
be concluded that if the number of infected people is more than 22,843.47 cases per quar-
ter, the country’s GDP tends to decrease significantly. Therefore, the number of such in-
fections cannot keep the country’s economy circulating in the future (see more detail Ap-

pendix A).

140,000

Infection

Figure 14. The relationship between number of COVID-19 infection cases and GDP in Thailand when # =500 (source: author).

4.4. The Empirical Results of Bayesian DSGE Model

The result can be obtained that the number of infections is not more than 8600 per
quarter or, on average, 3000 per month. Then, we predicted Q4 of 2021 to Q4 of 2024 (13
quarters) as the next period of time by employing the Bayesian DSGE Model.

In addition, where gp_obs is inflation (%) and gy_obs is GDP growth rate (%), they
were predicted by the Bayesian DSGE model under the condition based on the optimal
numbers of COVID-19 infection to maintain the economic circular flows of Thailand. The
results show that the prediction from Q4 of 2021 to Q4 of 2024 (13 quarters), as shown in
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Figure 15, indicates that the inflation is not more than 2% and the GDP growth rate is not
more than 3.5% (see more detail in Appendix A).
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Figure 15. The prediction in the next 13 quarters in the future.

5. Conclusions, Discussions, and Policy Recommendations

We can answer the question, “At what number of COVID-19 cases could we still keep
the country’s economy circulating?” based on the results of this study. The optimal num-
ber of new infections of COVID-19 cases that can maintain the circulation of the economy
is 8588 people per quarter or approximately 3000 people per month. In this study, we tried
to avoid the use of lockdown policies, but, unfortunately, we cannot immediately reduce
the number of infected people to zero in the near future. Thus, this led us to deem this
number (8588) from the result of this study acceptable. After that, we used this infor-
mation to analyze the Bayesian DSGE model in order to show the trends of the household
sector, manufacturing sector, and financial sector. The empirical results showed that the
inflation was not more than 2% and the GDP growth rate was not more than 3.5%. Ac-
cording to policy recommendations, the results of this study showed that if Thailand
wants to keep its economy circulating, the country must try to limit/control the number
of COVID-19 cases to no more than 8588 people per quarter, or on average, should not
exceed 3000 people per month. However, if the number of new daily COVID-19 cases
exceeds this number, the country’s GDP will drop significantly.

The findings from this study offer important lessons for policymakers, as the govern-
ment considers how policies should develop over the recovery phase of this crisis. Based
on current data in July 2021, daily reports of new infections are still high with more than
10,000 new infections reported. Therefore, it can be concluded that in dealing with the
COVID-19 pandemic, the implementation of the policy must be clearly more stringent
than the previous time. There must be other policies rather than lockdowns as we have
already seen that lockdowns alone, as Thailand has, cannot stop the spread of COVID-19.
Expedited policies, including the vaccination policy for Thai people, should be accelerated
in order to stop the infection and reduce the number of new infections every day. By vac-
cinating, vaccination should be allocated easily and be undisputedly accessible to people
in all occupations. If both the public and private sectors in Thailand can act quickly and
efficiently, the number of new cases of new infections in the country will be reduced in
the near future. On the other hand, if Thailand fails to act effectively, the country’s econ-
omy may become uncirculated as measures will not be effectively implemented for the
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ultimate goal of reducing the number of new daily COVID-19 cases. Therefore, the results
of this study can be used as a guideline during the time when Thailand is accelerating
vaccination but may not be 100% by knowing the number of infected people that make
the economy still circulate. This is another way to manage and deal with the spread of
COVID-19 in the future.

This study has some limitations that can be used as a future study guide because the
study only focused on the number of COVID-19 cases that induced changes in real GDP.
This study is a pioneer study as it is still too early to make an informed assessment of the
full impact of the pandemic, especially about information of vaccination. Due to the study
period of this work, we started from the beginning of the first wave of the epidemic, which
was in early 2020. At that time, Thailand had not adopted a vaccination policy yet. In a
future study, the vaccination policy can be employed to explore the optimal number of
COVID-19 cases after everyone becomes vaccinated. The eventual optimal number of
COVID-19 cases may be different, but it does convey the likely alternative of COVID-19
pandemic management apart from the lockdown policy in order to keep the economy
circulating. Therefore, future studies should take other factors into account to make the
number of infected people more flexible; for example, if we consider the number of vac-
cinations in the country, it may help increase the number obtained more than the result
this time. However, due to this study, we used data since the beginning of the COVID-19
epidemic, and at that time, there were no vaccinations in Thailand. This makes this re-
search a framework for only looking at the impact of the number of new infections on real
GDP. Furthermore, we can try to consider extending the model with an indicator of hos-
pitalized patients with COVID-19 to the future.
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Appendix A
a Observations = 100 (quarterly data)

Table A1l. The result of estimation for Kink regression based Monte Carlo (MC) simulation when n = 100.

Coefficients:
est Std. Error * Lower Upper p Value *
(Intercept) 1.009176 x 105 4079.6748476 93,647.254199 1.096396 x 10° 4.314366x 10-1%
Infection 3.973082 x 10~ 0.6916171 -1.064830 1.646310 5.656548 = 101
(Infection-chngpt)+ -4.346249 x 10! 0.7126055 -1.544986 1.248428 5.419218 x 10!

* p-value significance level * 0.05, ** 0.01, *** 0.001.
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Table A2. The result of estimation for optimal Kink point when n = 100.

Threshold:
est Std. Error Lower Upper
8588.128 1122.704 5571.638 9972.637
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Figure Al. The optimal Kink point estimation when n = 100.
b Observations = 250 (quarterly data)

Table A3. The result of estimation for Kink regression based Monte Carlo (MC) simulation when n = 250.

Coefficients:
est Std. Error * Lower Upper p Value *
(Intercept) 1.011362 x 105 1198.6665847 98,493.2008177 1.031920 x 10° 0.000000
Infection 9.384277 = 10~ 0.1429551 0.6648296 1.225214 5.221080 x 1011
(Infection-chngpt)+ -1.260468 0.2008464 0.2008464 -8.999385 x 101 3.478788 x 1010

* p-value significance level * 0.05, ** 0.01, *** 0.001.

Table A4. The result of estimation for optimal Kink point when n = 250.

Threshold:
est Std. Error lower upper
12,365.5551 528.5821 11,854.4819 13,926.5236
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Figure A2. The optimal Kink point estimation when n = 250.
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Figure A3. The optimal Kink point estimation when n =500.
¢ Observations = 500 (quarterly data)
Table A5. The result of estimation for Kink regression based Monte Carlo (MC) simulation when n = 500.
Coefficients:
est Std. Error * Lower Upper p Value *
(Intercept) 92,383.128323 3168.4030077 85,285.438080 97,705.577870 6.685795x 10187
Infection 1.769797 0.2153208 1.425248 2.269305 2.046061 x 1016
(Infection-chngpt)+ -2.346860 0.2098607 —2.832337 —2.009683 4.942402 x 102

* p-value significance level * 0.05, ** 0.01, *** 0.001.

Table A6. The result of estimation for optimal Kink point when n = 500.

Threshold:
est Std. Error Lower Upper
22,843.472 1095.172 20,808.243 25,101.317

d  The statistical summation of Bayesian DSGE

ESTIMATION RESULIS

Log data density is 75.201698.

posterior moments: There are not enough draws computes to compute HPD Intervals. Skipping their computation.
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parameters
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alp 0.006 0.0322
bet 0.993 0.9927
Fam 0.003 0.0033
mst 1.000 1.0147
rho 0.200 0.2008
psi 0.787 0.8026
del 0.010 0.0080

standard deviation of shocks

prior mean

e a

e_m

1]

a.
Total computing time :

.035

009

post.

0.
0.
0h0Om41s

mean

0155
0090

90% HPD interval

are not enough draws computes to compute deciles.

0.0097 0.0527
0.9896 0.9963

.0005 0.0074
1.0106 1.01%0
0.1673 0.2334
0.7232 0.8981
0.0009 0.0164

0.
0.

0% HPD interval

0105
0060

0.
0.

0208
0116

Note: warning(=2) encountered in MATLAB/Octave code

prior pstdev
norm 0.0200
norm 0.0020
norm 0.0030
norm 0.0070
norm 0.0200
norm 0.0500
norm 0.0050
prior petdev
invg Inf
invg Inf

Figure A4. The estimation results.
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