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Abstract

Following the spread of the Covid-19 virus at the end of 2019, governments have used
a series of strict policies and non-pharmaceutical interventions (NPI) such as social
distancing and mandatory quarantines to deal with the increasing spread of this virus, and
therefore the trading process of global markets, Including the stock market, it was severely
affected. In the following, the start of public vaccination affected various industries and
groups and led to changes in stock market transactions of countries, including the Tehran
Stock Exchange. The present study, by applying the Smooth transmission regression (STR)
nonlinear model and daily data during the period of the Covid-19 epidemic (30 February
2018 to 10 January 2018), investigates the role of public vaccination in the relationship
between the interventionist policies of the government and the stock market. In the present
study, relying on tests to detect nonlinear behavior, the existence of a nonlinear relationship
between government interventions and the stock market index was confirmed, the variable
of the number of vaccinated people was selected as a suitable transition variable, and the
nonlinear smooth transition regression model with a two-regime logistic transfer function
With one transfer (LSTR1) was considered as the proposed model for this relationship. The
results of the estimation of the research model show that the increase of strict measures of
the government in the form of a two-regime structure with a threshold level of 20857, the
number of vaccinated people in the first regime (that is, when the number of vaccinated
people is less than the threshold value (20857)) had a positive and significant effect on the
stock market index, but after crossing the threshold level and entering the second regime
(that is, when the number of vaccinated people is greater than its threshold value (20857)),
the mentioned variable had a negative and significant impact on the stock market index.
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1. Introduction

The global spread of the COVID-19 virus in late 2019 significantly impacted the world
economy. In response to the increasing spread of the virus, governments were compelled
to employ non-pharmaceutical interventions (NPI), such as social distancing and
mandatory quarantines. However, these measures came with economic costs. Empirical
evidence suggests that, with the discovery of effective vaccines and the commencement of
widespread vaccination efforts globally, governments gradually showed less inclination
towards implementing stringent NPI measures. As societies achieved a certain level of
vaccination providing relative immunity, many stringent measures implemented by
governments worldwide were either lifted or reduced in intensity.

Given the possibility that the effectiveness of government strict measures on the Iranian
stock market before and after reaching an acceptable level of general vaccination may
differ, this study aims to examine the role of general COVID-19 vaccination in the
relationship between government non-pharmaceutical interventions and stringent measures
with the Iranian stock market index. The objective is to answer whether general vaccination
against COVID-19 has influenced how and to what extent government stringent measures
affect the Iranian stock market? To achieve this, the research employs the Smooth
Transition Regression (STR) model, examining the role of general vaccination in the
relationship between government non-pharmaceutical interventions and the Iranian stock
market index during the COVID-19 pandemic (from February 19, 2020, to December 31,
2022).

2. Methodology

To investigate the role of general vaccination in the relationship between government non-
pharmaceutical interventions (NPI) and the stock market index, the Smooth Transition
Regression (STR) model is considered in the form of equation (1):

ININDEX, = @'z, + (0 '2,)G(s¢.y.¢) + Uy (1)

Where:

InINDEX: is the logarithm of the total index of the Tehran Stock Exchange.

x;  is the exogenous variable vector, including lagged variables of both endogenous
and exogenous variables which is defined as follows:

x¢ = (L.ININDEX;_;. ....In;_p) (1. InVAC,. InNEWC,. InSTRIN,.. InER,. inf,)’
(2)

Where:

p: 1s the optimal lag of the autoregressive dependent variable.

InVAC: is the logarithm of the number of vaccinated individuals.

InNEW: : is the logarithm of the number of new COVID-19 cases.

InSTRIN': is the logarithm of the stringency index.

The stringency index is used as a measure to evaluate the economic costs of government
non-pharmaceutical interventions during the COVID-19 pandemic. It quantifies
governments' responses to the spread of COVID-19 in a quantitative and numerical form.
The index was first calculated and presented by the University of Oxford in 2021, using 9
criteria: school closures (C1), workplace closures (C2), cancellation of public events (C3),
restrictions on public gatherings (C4), closure of public transport (CS5), stay-at-home
requirements (C6), public information campaigns (C7), restrictions on internal movements
(C8), and international travel controls (H1). The government stringency index ranges from

0 to 100, with higher scores indicating more stringent government responses (University
of Oxford, 2021).
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InER: is the logarithm of the real exchange rate.

inf : is the inflation rate.

The relationship between general vaccination, the number of COVID-19 cases, the
stringency index, and other variables under investigation with the Iranian stock market
index is specified using equation (3):

1
InNNEWC
InSTRIN
InNINDEX; = [@o 91 92 ©3 04 0s]| mvac
InER
inf
1
InNNEWC
InSTRIN
[80 61 6,05 6, 651| yac | GO-c.se) )
InER
inf

In the provided equations, the coefficients ¢, and 6, represent the intercepts for the
linear and nonlinear regimes, respectively. Additionally, ¢, to @5 indicate the respective
impact of explanatory variables on the dependent variable in the linear regime, while 8; to
6, represent the impact of explanatory variables on the dependent variable in the nonlinear
regime.

In this model, explanatory variables in the first regime have an impact on the stock
market index with a coefficient vector [@, @1 @2 @3 @4 @s]. This occurs when the
transition variable (which can be any of the explanatory variables and must be selected
through relevant tests) has a value less than its threshold. In this case, G = 0. In the second
regime, when the transition variable exceeds its threshold, the coefficients influencing these
variables on the stock market index become [@q + 0y @1 + 01 @5 + 0, @3+ 603 @, +
04 @5 + 05 ], and G = 1 is established. Therefore, the regression equations for the research
model in the first and second regimes are as follows:

ININDEX; = @g + @1 INNEWC; + @,InSTRIN; + @3inVac; + @4InER; + @sinf; +
U (7)

03)INVAC, + (94 + 04)INER, + (@5 + O5)inf; + u,
(8)

These equations express the relationships between the explanatory variables (NEWC,
STRIN, VAC, ER, inf) and the stock market index (INDEX) in the 2 regimes.

Findings

Based on the F-tests, the most suitable transition variable was determined to be the variable
representing the number of general vaccinations. The proposed model is a non-linear
smooth transition regression with a logistic two-regime transition function (LSTR1), was
considered, incorporating the variable representing the number of general vaccinations as
a threshold variable.

According to the model estimation results, the parameter value (y ) is 2.694, and the
threshold value for the number of vaccinations is determined to be 4.326 (with the anti-
logarithm value equal to 20857, representing the number of vaccinated individuals). Based
on these results, it was identified that the first regime occurred during the period from
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February 19, 2020 (Bahman 30, 1398) to July 2, 2021 (Tir 11, 1400), and the second regime
is from July 3, 2021 (Tir 12, 1400) to December 31, 2022 (Dey 10, 1401).

The results of the research model estimation indicate that the increase in the number of
COVID-19 cases, the stringency index, the number of vaccinated individuals, the exchange
rate, and the inflation rate, within a two-regime threshold structure in the first regime (when
the number of vaccinated individuals is less than its threshold value of 20857), had
negative, positive, positive, positive, and positive effects on the stock market index,
respectively. However, when crossing the threshold and entering the second regime (when
the number of vaccinated individuals is greater than its threshold value), these variables
exhibited positive, negative, positive, positive, and negative effects on the stock market
index, respectively.

The findings of the research suggest that increasing general vaccination contributes to
stock market stability. General vaccination can enhance investor confidence, leading to an
increase in the stock market index. Additionally, vaccination improves the overall public
health of society, boosting optimism and enabling individuals to consume and invest more
in the stock market. Despite the unexpected positive relationship between the stringency
index and the stock market index in the first regime, the study does not recommend
continuous adoption and implementation of stringent policies due to the economic costs
associated with these measures.

Conclusion

In this study, relying on the tests for detecting non-linear behavior, a non-linear relationship
between government interventions and the stock market index was confirmed. The number
of vaccinated individuals was identified as the appropriate transition variable, and a non-
linear smooth transition regression model with a logistic two-regime transition function
(LSTR1) was proposed as the model for this relationship. The results of the model
estimation show that the increase in government stringent measures, within a two-regime
threshold structure with a threshold level of 20857 for the number of vaccinated
individuals, has had a positive and significant effect on the stock market index in the first
regime. However, crossing the threshold and entering the second regime, the mentioned
variable had a negative and significant impact on the stock market index.
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Tab. 4: The results of Trace test and Maximum Eigenvalue test
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Tab. 5: The results of testing the null hypothesis of linearity, choosing the model and specifying the
transition variable
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Tab. 6: Estimation results of linear and non-linear part model
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1. Newton- Raphson
2, Maximum Likelihood
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Graph. 2: The time trend of the threshold variable of the number of vaccination cases (InVAC) and its

threshold value during the period from February 30, 2018 to January 10, 2011 (source: research
findings).
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Tab. 7: The classic assignment test
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