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Abstract: As a consequence of the COVID-19 pandemic, Korea’s economy has experienced significant
setbacks. Thus, this article examines the implications of the COVID-19 pandemic on Korea’s key
macroeconomic indicators via the transmission channels of oil prices and production technology.
Using Bayesian estimation and impulse response functions for empirical investigation, the results
suggest that the COVID-19 pandemic has intensified the reduction in firm production, consumption
of oil-based goods, employment, and investment. Increasingly, households rely on non-oil goods
rather than oil-based ones. Similarly, the results suggest that the drop in production technology levels
brought on by the COVID-19 pandemic has a stronger impact on business output and investment
but a lesser influence on household employment. The COVID-19 pandemic has led to a decline in
household non-oil consumption as well as household and business consumption of oil-based goods.
To sum up, the existing Korean literature on this issue might be improved by including the findings
offered in this article.

Keywords: COVID-19 pandemic; macroeconomic indicators; oil price; production technology;
Bayesian estimation; impulse response functions

1. Introduction

The outbreak of COVID-19 has caused a significant setback for the economy through-
out the world, and South Korea, being one of the largest economies in Asia, is not an
exception to this rule. Due to the COVID-19 pandemic, South Korea’s annual GDP growth
plummeted to its lowest level in two decades in 2020, at 1.0%. This was mostly attributable
to the effect on exports and domestic demand as well as the decline across sectors and
services. Specifically, for the industrial sector, Korea’s export industry has been severely
impacted by interruptions in the global supply chain and a decline in worldwide market
demand. Similarly, South Korea’s domestic consumer sector has seen a decline in demand
owing to the COVID-19 pandemic efforts. Moreover, the COVID-19 pandemic has had a
significant influence on the employment market in South Korea. While enterprises have
curtailed output owing to the pandemic, some have been compelled to slash wages or lay
off employees, resulting in an increase in South Korea’s unemployment rate. In 2020, the
unemployment rate in South Korea increased from 3.8% to 4.6%. Particularly, the fall in
demand induced by the COVID-19 pandemic has exacerbated the rise in unemployment
in areas such as service industries and tourism. Likewise, the COVID-19 pandemic has
had a substantial effect on South Korean investment. South Korea’s overseas investments
suffered huge damage because of the COVID-19 pandemic. Due to South Korea’s sub-
stantial reliance on China, the impact of the pandemic on China’s economy has also had a
considerable effect on investment and exports in South Korea. Subsequently, COVID-19
has had an effect on South Korea’s energy consumption. The bulk of South Korea’s energy
usage is derived from oil and coal, and the economic slowdown and decreased activity due
to the COVID-19 pandemic are among the contributing reasons.
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In light of the research background that was mentioned in the previous paragraph,
the objective of this article is to investigate the consequences of the COVID-19 pandemic
on Korea’s fundamental macroeconomic variables through the transmission channels of oil
prices and production technology. Our empirical research is based on quarterly data for
the consumer price index and gross domestic product in Korea from the first quarter of
2020 to the fourth quarter of 2022. The following are two significant findings that I derived
from conducting an experimental investigation using Bayesian estimation and impulse
response functions: (1) The COVID-19 pandemic has contributed to a worsening of the drop
in firms’ production as well as consumption of oil-based products and investment. The
consumption of goods that are not based on oil is becoming more important to households
as compared to the use of products that are based on oil. Firms are cutting down on
output and laying off people in an effort to remain profitable, which is contributing to
the rise in the unemployment rate; (2) The fall in production technology levels that was
produced by the COVID-19 pandemic has a more substantial impact on firm output and
investment, but it has a less significant effect on household employment. In a similar vein,
the COVID-19 pandemic caused a drop in manufacturing technology, which in turn led to
a decline in home consumption of non-oil-based products as well as a fall in household
and firm consumption of oil-based goods.

In contrast, the body of literature that has been produced on the subject in Korea now
contains two more contributions as a result of this article. In point of fact, the COVID-19
pandemic has had an impact, although an indirect one, on the operation of the macroecon-
omy. The first lesson that this study adds is evidence that the COVID-19 pandemic has
an effect on the primary macroeconomic indicators of Korea via the transmission channel
of the price of oil. The second takeaway from this research is proof that the COVID-19
pandemic has an influence on the major macroeconomic indicators of Korea through the
transmission channel of production technology. To summarize, the body of Korean schol-
arly work that already exists on the subject may be strengthened by the addition of the
two contributions that are presented in this article.

The remainder of the paper is structured as follows: Section 2 examines the relevant
prior literature; Section 3 presents the model; Section 4 evaluates and analyzes the results;
and Section 5 presents the conclusions gained from the research.

2. Literature Review

In order to offer an objective theoretical foundation for the work that will be outlined
in this article, a review of the existing body of literature will be conducted. As a result of
the global spread of the COVID-19 pandemic, city closures, travel restrictions, and severe
security measures have been implemented in several countries. Undoubtedly, numerous
economic activities would be impacted.

The COVID-19 pandemic has precipitated a severe decline in the world economy,
particularly in the crude oil market. Fluctuations in oil prices not only influence the fi-
nancial condition of oil-producing and exporting nations but also have a significant effect
on energy use and economic development in consuming nations. Antonakakis et al. [1]
investigated the effect of oil prices on energy goods, stock markets, currency rates, and
bond markets during the COVID-19 pandemic using the time-varying parameter vector
autoregressive approach. They discovered that shifts in the oil prices brought on by the
COVID-19 pandemic were responsible for causing significant swings in energy consump-
tion and the financial markets. Additionally, Yamacli and Yamacli [2] found similar results.
Creti et al. [3] investigated how the COVID-19 pandemic affected the oil and stock markets.
They observed a link between the COVID-19 decrease in oil prices and the volatility of
the stock market by using the dynamic conditional correlation GARCH approach. This
might imply that the influence of oil price volatility on the macroeconomy might be more
complicated than previously imagined. In particular, Wang et al. [4] investigated how
fluctuations in the price of oil affected employment in the industrial sector throughout the
COVID-19 pandemic. They discovered that a rise in the price of oil had a detrimental effect
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on employment in the manufacturing sector. Razmi and Razmi [5] developed a simple
open economy model in order to investigate the effect that the COVID-19 pandemic and
variations in oil prices had on overall macroeconomic shifts. They discovered that the
spike in the price of oil had a detrimental effect on economic production and employment,
particularly in nations that are heavily dependent on exports. Moreover, He and Zhang [6],
Cui et al. [7], Wang et al. [8], Zhang et al. [9], Mzoughi et al. [10], and He and Zhang [11]
were in agreement with these arguments.

In Korea, the COVID-19 pandemic has had a significant impact on a variety of facets
of daily life. In order to halt the spread of COVID-19, it has become necessary for certain
individuals to conduct their jobs from inside the confines of their own homes rather than in
traditional settings such as factories or offices. Therefore, He [12] evaluated the effects of
the COVID-19 pandemic on South Korea’s macroeconomy through the home production
pathway. Utilizing the impulse response function, he discovered that as a result of a
home productivity shock, market goods consumption, total production, market work
hours, investment, and capital all decreased, whilst home work hours, wages, home goods
consumption, and transfer payments all rose. Subsequently, in the same case, He and
Wang [13] observed that the pandemic caused by COVID-19 had a large impact on Korea’s
main macroeconomic indicators in the near term, but that its effects were not significant at
all in the long run. As a result, the overall demand in Korea was lower than it had been
before the COVID-19 outbreak. It was most evident in the reduced desire for consumption
and investment. Concurrently, this had the effect of putting further pressure on inflation
as well as unemployment. In addition, using a multi-criterion decision-making technique,
Zhao et al. [14] assessed the severity of the pandemic’s effects on the financial markets of
industrialized as well as emerging nations. They concluded that the impact of the COVID-19
pandemic on financial markets varied across industrialized and developing countries. The
COVID-19 pandemic had a greater impact on the financial markets of industrialized nations
via supply reduction and economic instability. For developing countries, the three most
notable implications of the COVID-19 pandemic on financial markets were positivity
and preconceptions, shifts in consumer behaviors, and the bandwagon effect. Similarly,
Bouzgarrou et al. [15], Wang et al. [16], Walmsley et al. [17], Bairoliya and İmrohoroğlu [18],
Gonçalves and Moro [19], and Shen and Pan [20] acknowledged the validity of these points
of contention.

The requirements for the study that will be conducted in this paper have been estab-
lished by a recent review of the relevant literature. The COVID-19 pandemic has important
repercussions for South Korea’s economy on a macro level. This article investigates the in-
fluence of the COVID-19 pandemic on the macroeconomy of South Korea via two channels:
fluctuations in the price of oil and changes in production technology. These findings are
compared with the conclusions supplied by the current literature. I believe that the insights
offered in this work have the potential to improve the current body of literature.

3. Model
3.1. Household

Suppose there is a paradigmatic household that epitomizes the traits of all households
within the contemporary economic landscape, thereby serving as an archetypal illustration
of household behavior. In the ensuing exposition, we meticulously engineer a utility
function encapsulating constant relative risk aversion (CRRA) to portray the preferences of
such a household. The CRRA utility function, extensively employed in modern economics,
represents a category of utility functions that manifest risk aversion in decision making,
with the degree of risk aversion remaining invariant across varying levels of wealth [21]. In
the following form, we construct the constant relative risk aversion utility function:

U = Et{∑∞
t=0 β

t[
(Cα

t EC1−α
t )

1−σ

1− σ
− µ

L1+n
t

1 + n
]}, (1)
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where U indicates the constant relative risk aversion utility function; E indicates the expec-
tation operator; β indicates the discount factor; C indicates the non-oil consumer goods; EC
indicates the oil-based consumer goods; α indicates the weighted value between non-oil
consumer goods and oil-based consumer goods; σ indicates the relative risk aversion
elasticity of consumption; L indicates the labor; n indicates the reciprocal elasticity of labor
supply; and µ indicates the weighted value of labor relative to consumption. Meanwhile,
the following is a description of the budget constraints faced by a typical household:

Ct + Bt+1 + PtECt = (1 + Rt)Bt + WtLt, (2)

where B indicates the domestic one-period risk-free nominal bonds (in this study, we
postulate an incomplete asset market framework. Furthermore, households are presumed
not to possess any foreign assets or liabilities, further simplifying the economic landscape
under examination); P denotes the oil price level; R indicates the (gross) nominal interest
rate; and W indicates the wage. In addition, when Equations (1) and (2) are coupled, the
first-order conditions of a typical household are provided as follows:

µLn
t = WtC

α(1−σ)−1
t EC(1−α)(1−σ)

t , (3)

Cα(1−σ)−1
t EC(1−α)(1−σ)

t Pt = Cα(1−σ)−1
t EC(1−α)(1−σ)−1

t , (4)

Cα(1−σ)−1
t EC(1−α)(1−σ)

t = βEt[C
α(1−σ)−1
t EC(1−α)(1−σ)

t (1 + Rt)], (5)

where lim
t→∞

Etβ
t+jλt+jBt+j = 0; λ indicates the Lagrange multiplier.

3.2. Firm

Suppose a market environment is characterized by the prevalence of perfect com-
petition. In this context, an exemplary firm is one that actively partakes in production
undertakings, harnessing domestic capital and labor in tandem with petroleum-derived
raw materials. Concurrently, it is posited that such a prototypical firm orchestrates its
production processes by employing the framework of a Cobb–Douglas production func-
tion [22]. It is seen from the following:

Yt = AtK
γ
t Lζ

t (PtECt)
1−γ−ζ, (6)

where A indicates productivity, a variable that can be interpreted as the level of general
knowledge about the “art” of production available in an economy; Y indicates the output;
γ indicates the elasticity of the level of production with respect to capital; ζ indicates
the elasticity of the level of production with respect to labor; and 1− γ− ζ indicates the
elasticity of the level of production with respect to oil raw materials. Drawing inspiration
from Equation (6) and building upon the groundwork laid by Amiri et al. [23], this article
incorporates an oil price shock into the analysis. This shock is postulated to adhere to an
autoregressive (AR) process of order 1. The representation of this phenomenon is delineated
as follows:

log Pt+1 = (1− ρ) log
∼
P + ρ log Pt + et, (7)

where ρ indicates the autoregressive parameter of petroleum price;
∼
P indicates the steady-

state value of oil price; et ∼ N
(
0, σp

)
. Then, the formula for firms’ capital accumulation is

as follows:
Kt+1 = It + (1− δ)Kt, (8)

where I indicates the investment. The first-order conditions of a representative firm are
stated as follows when Equations (6) and (8) are combined:

rt = γAtK
γ−1
t Lζ

t (PtECt)
1−γ−ζ − δ, (9)
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W2 = ζAtK
γ
t Lζ−1

t (PtECt)
1−γ−ζ, (10)

3.3. COVID-19 Pandemic

Nakamura et al. [24] and Farhi and Gabaix [25] claimed that the influence of catas-
trophic events on the macroeconomy was distributed with regard to manufacturing tech-
nology and oil price; this means that they came to the conclusion that catastrophic events
would not only influence the allocation of human resources, patent technology, and other
intangible assets, but would also lead to sweeping changes in oil supply and demand,
which would have an influence on oil prices. According to the information presented in
this article, the COVID-19 pandemic is a catastrophic event that will have an effect on the
production technology and energy prices in Korea. It is seen from the following:

log Pt+1 = (1−φ1)(1− ρ1) log
∼
P + ρ1 log Pt + e1t, (11)

log At+1 = (1−φ2)(1− ρ2) log
∼
A + ρ2 log At + e2t, (12)

where φ1 indicates the change proportion of energy price; φ2 indicates the change propor-
tion of production technology.

3.4. Market Clearing Condition

The condition of the market clearing results in the following:

Yt = Ct + It + PtECt, (13)

4. Results
4.1. Parameter Calibration and Parameter Estimation

The parameters used in this study were obtained from two distinct sources: one was
culled from the existing authoritative literature in South Korea, and the other was produced
using South Korean data and Bayesian estimation. With regard to parameter calibration,
following Adeiza et al. [26], the depreciation rate is 0.025. Following Zhang et al. [27],
the weighted value of labor relative to consumption is 0.2 (µ = 0.2). Following Chan [28]
and Warwick McKibbin [29], the weighted value between general consumption goods and
petroleum consumption goods is 0.75 (α = 0.75). Following Amiri [23], the discount factor
is 0.98 (β = 0.98). Regarding Bayesian estimation, this article uses the quarterly data of the
Korean consumer price index and gross domestic product from quarter 1, 2020, to quarter
4, 2022. This was the time of the COVID-19 pandemic, which was the primary driver in our
choice to concentrate on this time period. According to Shah and Garg [30], Hou et al. [31],
Castelnuovo [32], and Doojav [33], the consumer price index and gross domestic product
are both detrended via the Hodrick–Prescott filter, leaving just the cyclical components.
The results of Bayesian estimation are shown in Table 1.

Table 1. Results of Bayesian estimation.

Parameter Definition Prior Mean Posterior
Mean

Confidence
Interval Distribution Posterior

Distribution

α
Relative risk aversion elasticity

of consumption 1 0.926 [0.863, 1.382] Gamma 0.23

n Reciprocal elasticity of labor supply 2 2.767 [2.019, 3.125] Gamma 0.3

γ
Elasticity of the level of production

with respect to capital 0.5 0.468 [0.317, 0.533] Beta 0.3

ζ
Elasticity of the level of production

with respect to labor 0.4 0.445 [0.384, 0.489] Beta 0.3

ρ1
Autoregressive parameter of energy

price shock 0.5 0.614 [0.554, 0.786] Beta 0.25

e1 Error of energy price shock 0.5 0.495 [0.187, 0.832] Inverse-gamma 0.2

ρ2
Autoregressive parameter of

technology shock 0.75 0.95 [0.932, 0.984] Beta 0.1

e2 Error of technology shock 0.71 0.772 [0.667, 0.876] Inverse-gamma 0.2
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4.2. Effect of COVID-19 Pandemic on Korean Key Macroeconomic Variables via the Oil Price

This subsection aims to examine the impact of oil price shock on Korea’s key macroe-
conomic variables, including output, employment, investment, household non-oil goods
consumption, firm oil-based goods consumption, and household oil-based goods consump-
tion. The results of the impulse response function are shown in Figure 1.
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(a) The simulation does not consider the COVID-19 Pandemic; (b) the simulation considers the
COVID-19 Pandemic.

As seen in Panel (a) of Figure 1, a positive oil price shock decreases firm output,
consumption of oil-based goods, and investment. The reasoning for this conclusion is that
an increase in the price of energy leads to an increase in the firm’s manufacturing expendi-
tures as well as a decrease in the firm’s demand for oil-based goods. Meanwhile, when a
firm’s marginal expenses exceed its marginal revenues, the firm is forced to reduce both
its production and its investment. Equally, as a consequence of a positive oil price shock,
the consumption of oil-based goods by households decreased, while the consumption of
non-oil goods by households increased. The explanation for this is that increased energy
prices have resulted in a decrease in household demand for goods that are based on oil,
which has, in turn, resulted in an indirect increase in household consumption of goods that
are not dependent on oil. Moreover, a positive oil price shock decreases employment. One
of the reasons is that increased production costs are directly proportional to increasing oil
prices. In order to return to regular business operations, firms will need to reduce the size
of their firms.

Then, we turn to the analysis of the results in Panel (b) of Figure 1. Panel (b) examines
the impact that the COVID-19 pandemic has had on South Korea’s macroeconomy, notably
focusing on how the price of oil has changed as a result of the pandemic. According
to information provided by the South Korean Statistical Office, the price of petroleum
products in South Korea rose by 31.2% compared to the same month last year. Gasoline
(27.4%), diesel (37.9%), and kerosene (47.1%) each contributed 1.32 percentage points to
the overall price increase of 4.1% during the beginning of the COVID-19 pandemic. The
price of crude oil has a strong influence on the cost of producing industrial products. The
rise in the price of raw materials has a direct and proportionate impact on the total cost of
manufacturing. Because of this, the price of industrial goods such as oil has increased by
6.9%. Using Equation (11), we can vary φ1 to a range of values to indicate the influence
of the COVID-19 pandemic on oil prices in Korea. In Panel (a), the value of φ1 is zero. In
Panel (b), the value of φ1 is set to 0.5. According to our findings in Panel (b), the COVID-19
pandemic has worsened the reduction in business production, consumption of oil-based
goods, and investment. The reason for this is that the COVID-19 pandemic has led to an
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increase in the shortage of oil supply in Korea, and as a result, the price of domestic oil
in Korea has continued to rise, which in turn causes the cost of production for Korean
businesses to rise. Similarly, households are increasingly reliant on the consumption of non-
oil goods as opposed to oil-based goods. In an effort to remain afloat, firms have reduced
output and laid off employees, contributing to a rise in unemployment. Furthermore, the
conclusions of this subsection are consistent with the macroeconomic performance of Korea
in the actual world. This may also help mitigate the widespread impact of the COVID-19
outbreak on the Korean economy.

4.3. Effect of COVID-19 Pandemic on Korean Key Macroeconomic Variables via Production Technology

The purpose of this subsection is to investigate the effect that the COVID-19 pandemic
has had on South Korea’s macroeconomy, specifically with regard to production technology.
The results of the impulse response function are shown in Figure 2.
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considers the COVID-19 pandemic.

As can be seen in Panel (c) of Figure 2, a positive production technology shock causes
an increase in firm output as well as investment and firm consumption of oil-based goods.
Equally, household non-oil goods consumption, employment, and household oil-based
goods consumption increase as a positive effect of production technology shock. In Korea,
however, when the COVID-19 pandemic broke out, production technology significantly
declined. Using Equation (12), we can assess the effect of the COVID-19 pandemic on
production technology in Korea by varying the value of φ2. In Panel (c), the value of φ2
is zero. In Panel (d), the value of φ2 is set to 0.5. According to our findings in Panel (d),
the COVID-19 pandemic has lowered productivity in Korea. The downturn in production
technology levels that was brought on by the COVID-19 pandemic has a more noticeable
influence on firm output and investment, but it has a comparatively less substantial impact
on household employment. Similarly, the decline in production technology due to the
COVID-19 pandemic leads to a certain degree of decline in household non-oil consump-
tion and household and firm oil-based goods consumption, which reflects the decline in
employment levels of household and the shrinkage of household wealth due to the decline
in production technology by firms due to COVID-19 pandemic, which leads to a decline in
overall household consumption, while the decline in firms’ profit levels leads to a decline
in firm oil-based goods consumption.
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5. Conclusions

This article examines the impact of the COVID-19 pandemic on key macroeconomic
indicators in Korea through the transmission channels of oil prices and production technol-
ogy. We conduct empirical analysis using quarterly data for the Korean consumer price
index and gross domestic product from the first quarter of 2020 to the fourth quarter of
2022. The findings indicate that the COVID-19 pandemic has exacerbated the decline in
firm output, oil-based product consumption, and investment. Increasingly, households
depend on the consumption of non-oil products as opposed to oil-based products. In an
attempt to stay afloat, firms have curtailed production and laid off workers, thus adding to
the increase in unemployment. Equally, the findings indicate that the decline in production
technology levels caused by the COVID-19 pandemic has a greater effect on firm output
and investment, but a less significant impact on household employment. Likewise, the
reduction in production technology caused by the COVID-19 pandemic results in a fall in
household non-oil consumption and household and firm oil-based goods consumption.

In the context of the empirical study findings presented in this article, several policy
implications are outlined. First, because of the negative consequences that limited oil
supply has had on the output and investment of Korean firms, those firms need to improve
their oil preparation, optimize their industrial structure, and increase the efficiency with
which they utilize oil. Second, in spite of the fact that the recent spike in the price of
oil has had a negative effect on the consumption of oil-based goods by Korean house-
holds, the Korean government needs to increase its stock of related products and work
on developing alternatives to oil-based products. Third, due to the fact that uncertainties
such as COVID-19 have caused a decline in production technology and have been detri-
mental to the interests of both firms and households, the government of Korea needs to
put appropriate countermeasures in place in advance in order to increase the country’s
macroeconomic stability.

In addition, this study does have a few limitations; nonetheless, those considerations
put future researchers on the right path for additional exploration since they indicate
where more investigation should be focused. First, this article focuses only on Korea as
the country to be studied and assessed. In the future, researchers may be inclined to carry
out their investigations by taking into consideration a greater range of countries, such as
China, the United States, and Europe, which may result in more fascinating conclusions.
Second, in this investigation, there are just six macroeconomic indicators that are evaluated;
however, future researchers may find a way to improve a more intricate model and explore
a larger number of financial indicators, which may result in conclusions that are more
comprehensive. Third, the analysis of the impulse response function is the sole method used
in this work. The findings presented in this work may serve as a foundation for additional
research and analysis by researchers in the future, including variance decomposition and
welfare loss. Fourth, intangible assets, via the conduit of production technology, not only
exhibit but also engender congruity in the conduct of the two distinct household categories
during each discrete period under analysis. This substantiates the paramount significance
of intangible assets for households, culminating in employment opportunities in the South
Korean context. Consequently, future scholars are advised to bolster intangibles not solely
within the technological realm but also within the social sphere, encompassing those
South Korean intangible facets that foster cohesion among families and households. Fifth,
owing to data availability constraints, this study employs a 12-quarter dataset for Bayesian
estimation, which may present challenges in accurately capturing parameter variation.
Consequently, to derive more robust and reliable findings, future researchers can adopt
alternative, more comprehensive methodologies to revisit and further investigate this
subject matter.
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