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Abstract: This paper studies the impact of the COVID-19 pandemic on the sustainability of Chinese
economic growth, government debt, and income inequality by constructing a new Keynesian dynamic
stochastic general equilibrium (NK-DSGE) model. The choice of monetary policy targets is then
analyzed to hedge the impact of the pandemic. We find that: (1) the aggregate demand and labor
demand shocks caused by the COVID-19 pandemic posed serious challenges to the sustainable
development of the economy and debt, and increased social inequality; (2) when the impact of the
pandemic is mainly reflected in the recession in aggregate demand, monetary policy should pay
more attention to the target of price stability; (3) when the impact of the pandemic is mainly reflected
in a decline in labor demand, monetary policy should focus more on the target of economic growth;
(4) when the pandemic has a significant impact on both aggregate demand and labor demand, a
monetary policy which focuses more on the target of economic growth is conducive to minimizing
welfare losses. Targeted policy implications, such as selecting monetary policy targets according to
different manifestations of the impact of the COVID-19 pandemic and placing emphasis on monetary
policy tools to stimulate consumption, alleviate unemployment, and alleviate social inequality, are
suggested to improve the sustainability of the Chinese economy.

Keywords: COVID-19 pandemic; sustainability of macroeconomy; monetary policy targets

1. Introduction

Since 2020, the COVID-19 pandemic has posed a severe challenge to the sustainability
of Chinese macroeconomic operations [1]. In this context, discussion about the impact of
the COVID-19 pandemic on sustainable economic development and policy response in
China has attracted great attention from academics and generated a variety of opinions. As
far as the impact of the COVID-19 pandemic on the Chinese macroeconomy is concerned,
in the early stage of the outbreak, the Chinese government adopted a strict traffic blockade
represented by a “lockdown” and national home quarantine. The impact of the COVID-
19 pandemic was mainly reflected in the supply chain—namely, the industrial chain
was impeded, the labor supply was limited, and the production and supply of products
was stagnant. However, since the second quarter of 2020, the Chinese campaign for
pandemic prevention and control has won a decisive victory, and the momentum of
concentrated outbreaks of COVID-19 has been significantly curbed. Therefore, the series of
strict emergency prevention and control measures taken by China in the early stages have
been gradually phased out, and regular prevention and control measures such as social
distancing and local quarantine on a small scale have been adopted [2]. In this situation, as
people have resumed work and normal life, the supply of labor has gradually recovered and
the industrial chain reopened. The impact of the pandemic on the Chinese macroeconomy
has gradually moved from the supply side to the demand side. In particular, the global
macroeconomic downturn caused by the spread of the pandemic in various regions around
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the world and the resulting uncertainty about future economic expectations [3,4], coupled
with the combined effects of regular control measures and the global economic recession,
have resulted in a significant contraction in domestic and foreign aggregate demand. At
the same time, the profitability of enterprises has declined, and they have been forced to
expand their scale of layoffs. As a result, the demand for labor in the enterprise sector has
decreased, and the unemployment problem has become increasingly prominent.

Monetary policy, as an important part of macro control policies, has been given high
priority in order to cope with the great uncertainty caused by the COVID-19 pandemic
on the demand side of the Chinese economy at the present stage. On the one hand,
monetary policy should ensure the sustainable growth of the economy and the realization
of employment targets. On the other hand, monetary policy should also pay attention to
the stability of the currency value and avoid hyperinflation.

In order to respond to the COVID-19 pandemic and promote the sustainability of
economic development, on the one hand, the People’s Bank of China has taken a series
of measures such as reducing the deposit reserve ratio, enhancing the implementation of
structural monetary policy, and creating monetary policy tools that directly reach the entity
economy to increase liquidity and reduce the financing cost, consequently ensuring the
realization of the goals of keeping growth and employment stable. On the other hand,
compared with unconventional monetary policies such as unlimited quantitative easing,
zero interest rates, and negative interest rates adopted by developed economies, including
the Federal Reserve and the European Central Bank in response to the pandemic [5,6], the
policy stance of the central bank of China has generally been more restrained, and it has
become one of the few countries in the world that still maintains a normal monetary policy
after the pandemic. In response to pandemic shocks, the People’s Bank of China has not
resorted to indiscriminate strong stimulus, but this emphasizes that a prudent monetary
policy should be flexible, appropriate, pay attention to policy pertinence, and look to the
future. The above phenomenon has also led to much discussion. In the face of the serious
shock caused by the COVID-19 pandemic, what choice should monetary policy target
between promoting sustainable economic growth and maintaining price stability? When
faced with different types of pandemic shocks, will there be differences in the choice of
monetary policy targets? Therefore, in the context of the long-term impact of the COVID-19
pandemic, analyses on how to choose monetary policy targets to alleviate the various
adverse shocks brought about by the pandemic and its impact on social welfare provide
policy references for China and other countries in the world in their attempt to promote
the sustainability of macroeconomic growth and improve people’s livelihood and welfare.

In the current work, we construct a new Keynesian dynamic stochastic general equi-
librium (NK-DSGE) model with heterogeneous households, two kinds of firms, a fiscal
sector, and a central bank which considers the probability of a pandemic and simulates
how to select a monetary policy target when facing two types of problems—namely, the
aggregate demand recession and labor demand decline caused by the COVID-19 pandemic.
The research yields several main findings: (1) The aggregate demand and labor demand
shocks caused by the COVID-19 pandemic posed a serious challenge to the sustainable
development of the Chinese economy. While increasing the downward pressure on the
economy, they weakened the sustainability of government debt and increased social in-
equality. (2) When the impact of the pandemic is mainly reflected in a decline in aggregate
demand, monetary policy should pay more attention to the target of price stability to
maintain the stability of the currency value. (3) When the impact of the pandemic is mainly
reflected in rising unemployment and declining labor demand, monetary policy should
focus more on the target of economic growth to tackle employment issues. (4) When the
COVID-19 pandemic has a significantly adverse impact on both aggregate demand and
labor demand, monetary policy should focus on the target of economic growth in the long
term to minimize social welfare losses.

The remainder of the paper is organized as follows. Section 2 reviews literature on
the effects of the COVID-19 pandemic and the choice of monetary policy targets. Section 3



Sustainability 2021, 13, 3362 3 of 20

lays out the NK-DSGE model. Section 4 reports the calibration and estimation of the model
parameters. Section 5 presents and discusses the results. Section 6 concludes the research.

2. Literature Review

This study is related to various strands of the literature. To date, several studies have
been conducted on the macroeconomic impacts of the COVID-19 pandemic. First, many
papers have explored the influences on aggregated demand and private consumption.
Kim et al. [7] argued that the consumption spending of small business owners declined
by roughly 40% due to the pandemic, especially in the areas of travel, restaurants, and
personal services. Similarly, Baker et al. [8] used transaction-level household financial
data to investigate the impact of the pandemic on household consumption and found
that consumption increased at the beginning of the pandemic; however, spending then
decreased sharply due to greater levels of social distancing. Moreover, the impacts of the
COVID-19 pandemic on demand forecasts should not be ignored—for example, Balla-
Elliott et al. [9] claim that the COVID-19 pandemic will affect the reopening of firms
through the channel of demand forecasts, and business owners will delay their post-
lockdown reopening due to a low level of expected demand based on a nationwide survey
of small businesses.

The pandemic also brings about adverse shocks to labor demand and employment
due to the unsustainability of economic growth. Fang et al. [10] reviewed 100 million jobs
posted on online platforms in China and found that the amount of new jobs posted within
the first 13 weeks after the Wuhan lockdown on 23 January 2020, was about one-third lower
than that in the same period in the previous years. Furthermore, Brada et al. [11] deployed
the employment data of Central and Eastern Europe countries during the COVID-19
pandemic and pointed out that recovery from the effects of the pandemic on employment
would be very slow, with a two-year recovery period. Goswami et al. [12] noticed that
the heterogeneous effects of the COVID-19 pandemic on unemployment among different
groups in India and pointed out that the labor force in the secondary and tertiary sectors
has suffered larger unemployment and economic losses. Some researchers have turned
their focus to the adverse effects of eradicating extreme poverty in China and argued that
households in the bottom four quintiles will be more likely to fall back into poverty more
due to the rising off-farm unemployment caused by the COVID-19 pandemic [13].

The impact of the COVID-19 pandemic on various countries is also different. Tian [14]
found that although the COVID-19 pandemic would bring serious challenges to China in
the first quarter of 2020, it could be controlled quickly and effectively thanks to the strong
measures taken by the Chinese government in self-protection, mobility control, resource
allocation, professional health, and other aspects. Furthermore, the policies implemented
by China to help SMEs, such as tax reduction and credit support, have also strongly
stimulated the economic recovery. By contrast, the impact of the COVID-19 pandemic
on India has been even more severe. Sahoo and Ashwani [15] simulated the economic
losses of India caused by the COVID-19 pandemic in different circumstances and found
that even in the most optimistic case, the Indian economy would barely maintain a weak
growth of 0.5% in 2020, with the worst impact on trade, manufacturing, and MSME sectors.
Achim et al. [16] pointed out that cultural background would affect the anti-pandemic
effect of each country, that is, under the western democratic system, excessively advocating
individualism would increase the difficulty of fighting against the COVID-19 pandemic,
while countries advocating collectivism would be more effective in responding to the
pandemic. In addition, the increased proportion of immigrants and the elderly will also
increase the transmission rate and mortality of the COVID-19 pandemic. In addition to the
above perspectives, other studies have investigated the complex macroeconomic impacts
of the COVID-19 pandemic on the industrial economy, the financial market, commodity
price volatility, productivity, asset price, etc. Most of these papers hold the opinion that
the adverse effects caused by the COVID-10 pandemic are more serious than those of the
global financial crisis in 2008, so we must handle this challenge prudently [17–21].
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Our research is also related to the literature analyzing the choice of monetary policy
targets. Existing studies have pointed out the monetary policy which focuses on two
primary objectives—namely, price stability and economic growth [22,23]. Besides these,
there are some studies that suggest monetary policy should also pay attention to other
subordinate goals, such as financial stability, asset prices, and exchange rates [24,25]. Yet
other studies shed light on the choice of monetary policy in specific countries. For example,
Liu et al. [26] pointed out that the leading monetary policy goal in China was price stability,
followed by output stability and interest rate smoothing. Zhu et al. [27] pointed out that
the Bank of England had paid relatively more attention to inflation targets over the past
16 years. Besides this, Hossain and Arwatchanakarn [28] relied on quarterly data from
Thailand and suggested that money growth has a significant distributed-lag impact on
inflation. Sánchez [29] shed light on the dilemma of the choice of monetary policy under
the conditions of inflation uncertainty and unemployment uncertainty, finding that it was
best to disclose the inflation target and conceal the unemployment target by building a
two-stage game model.

Previous literature has conducted some discussions on related issues, however, there
are still some deficiencies. In contrast, the innovations of this paper mainly concern other
issues. (1) The research perspective of the existing literature on the impact of the COVID-
19 pandemic and the corresponding monetary policy is relatively broad. The literature
also lacks micro foundation and model simulation, so it has limited pertinency. Based
on Chinese data, this paper incorporates the probability of a concentrated outbreak of
COVID-19 in the model framework so that the research results are more in line with the
actual situation in China. (2) Existing studies have a narrow perspective on the impact
of the pandemic and focus only on the impact on basic macro variables such as output,
consumption, and investment. This paper introduces fiscal factors into the model and
constructs an income inequality index based on the income gap between two types of
households so as to investigate the impact of the pandemic on the sustainability of gov-
ernment debt and income inequality. Therefore, this research enriches the perspectives
of existing literature and could also provide recommendations on the choice of monetary
policy targets for other countries and regions in the context of the COVID-19 pandemic.

3. Model

In this section, we built an NK-DSGE (new Keynesian dynamic stochastic general
equilibrium) model. The model is a closed-economy DSGE model with heterogeneous
households, labor intermediaries, final goods producers, intermediate goods producers,
fiscal authority, and a central bank. Besides this, to take into account the features of the
COVID-19 pandemic, we adopt the method of describing disaster risks and probability
shocks, which lead to physical capital and total factor productivity declines [30,31]. Thus,
we include the COVID-19 pandemic probability shocks in the model through a similar
method. The rest of the model is classical, and we include inertia in consumption, ad-
justment of costs in investment, price stickiness, wage stickiness, and the costs of capital
utilization.

3.1. Households

According to the principle of Ricardian equivalence, the effects of macroeconomic
policy will be weakened if some households can maximize their levels of utility throughout
the whole life cycle. Thus, the household section consists of two types of households in this
model. Ricardian households can have free access to the financial market, which means that
they can hold government bonds, make investment decisions, and bring future income to
the present. Correspondingly, non-Ricardian households are subject to liquidity constraints,
which implies that they do not have access to the financial market and credit market.
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3.1.1. Ricardian Households

The model assumed that each Ricardian household maximizes its intertemporal utility
function in terms of consumption CR

t and leisure LR
n,t. The utility maximization problem of

this household is defined as:

maxE0

∞

∑
t=0

βteD
t

[
log(CR

t − hCR
t−1

)
−

(LR
n,t)

1+η

1 + η
], (1)

where t indexes time, β is the discount rate, CR
t and LR

n,t denote the consumption and
labor supply of Ricardian households, η is the inverse of the Frisch elasticity of labor
supply, h is habit formation in consumption. The aggregated demand shock, eD

t follows an
AR(1) process:

lneD
t+1 = (1 − ρD)lneD

ss + ρDlneD
t + εD

t+1 + ln
(

1 − CovD
t+1

)
, (2)

where the aggregated demand COVID-19 pandemic shock CovD
t+1 follows as:

CovD
t+1 = pCov_D

t+1 ∆D +
(

1 − pCov_D
t+1

)
·0 = pCov_D

t+1 ∆D. (3)

The macroeconomy switches from normal times to the COVID-19 pandemic state
with the probability pCov_D

t+1 in the (t + 1) period. When the outbreak of COVID-19 has the
probability pCov_D

t+1 in the t+1 period, a share ∆D of the original aggregated demand will be
destroyed. Otherwise, ∆D = 0. pCov_D

t+1 follows a logarithm AR(1) process:

ln pCov_D
t+1 = (1 − ρD) ln pCov_D

ss + ρD ln pCov_D
t + ε

pD
t+1, (4)

where ε
pD
t+1 denotes pandemic probability shock in aggregated demand, and ε

pD
t ∼ IIDN

(
0, σ2

pD

)
.

The Ricardian households’ budget constraint is given by:

PtCR
t + Bt + ωPtτt + Pt It + ADCt ≤ RK

t utKt−1 + WR
n,tL

R
n,t + Rt−1Bt−1 + Πt (5)

where Pt is the price level, Bt denotes the government bonds held by Ricardian households,
ω denotes the proportion of Ricardian households in the total population, τt denotes lump-
sum taxes, and RK

t and Rt are the gross rate of return on capital and the policy rate decided
by the central bank, respectively. It and Kt−1 denote investment and capital stock in the
last period. Πt stands for the transfer of profits from intermediate goods producers. In
addition, ut stands for the utilization rate of capital, and the cost of the under-utilization of
the maximum installed capacity is given as:

ADCt =PtKt−1[χ1(ut − 1)+
χ2

2

(
ut − 1)2

]
(6)

where χ1, and χ2 are sensitivity parameters for the under-utilization of the maximum
installed capacity.

The law of motion for capital stock follows:

Kt = [1 − φ

2

(
It

It−1
− 1)2

]
It + (1 − δ)Kt−1, (7)

where φ is a parameter for the adjustment cost of investment and δ denotes the depreciation
rate of private capital.

Thus, the Ricardian household chooses optimal consumption CR
t , labor supply LR

n,t,
bond holdings Bt, utilization rate of capital ut, investment It, and capital stock Kt−1 to
maximize utility function (1), subject to the constraints (5) and (7).
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3.1.2. Non-Ricardian Households

The utility function of non-Ricardian households is identical to that of Ricardian
households, but they choose optimal consumption and labor supply subject to their current
income. Thus, their utility function is given as:

maxE0

∞

∑
t=0

βteD
t

[
log(CNR

t − hCNR
t−1

)
−

(LNR
n,t )

1+η

1 + η
] (8)

The non-Ricardian households’ budget constraint is given by:

PtCNR
t + (1 − ω)τt ≤ WNR

n,t LNR
n,t , (9)

Similarly, the non-Ricardian household chooses optimal consumption CNR
t , labor

supply LNR
n,t to maximize utility function (8), subject to the constraints (9).

3.2. Labor Intermediaries and Wage Stickiness

Labor intermediaries aggregate the heterogeneous labor supplied by households into
homogeneous labor. The final labor demand is given as:

Lt = (
∫ 1

0
Ln,t

sW−1
sW dn)

sW
sW−1

, (10)

where sW denotes the substitution between heterogeneous labor types.
In line with Calvo [32], only (1 − θW) percent of households can change their wages

to W∗
t optimally each period. However, θW percent of households have to peg their last

period’s wages. Thus, the aggregated wage is given as:

Wt = [θWWt−1
1−sW + (1 − θW)(W∗

t )
1−sW ]

1
1−sW (11)

Then, we can obtain the function of optimal wages:

W∗
t = W∗

n,t =
θW

θW − 1
Et

∞

∑
i=0

(βθW)i eD
t+i(Ln,t+i)

η

λt+i
(12)

3.3. Final Goods Firms

The final goods firms sell aggregate intermediate goods in a perfect competition
market. According to Dixit and Stiglitz [33], the production function of final goods firms
can be described as:

Yt = (
∫ 1

0
Yj,t

sP−1
sP dj)

sP
sP−1

, (13)

where sP denotes the substitution between heterogeneous intermediate goods.
According to Equation (13), the demand function of intermediate goods is given as:

Yj,t = (
Pj,t

Pt
)
−sP

Yt (14)

3.4. Intermediate Goods Firms

The intermediate goods firms produce capital and labor supplied by households
into intermediate goods in a monopolistic competition market. Intermediate goods are
produced according to the Cobb-Douglas production function:

Yj,t = At
(
Kj,t−1

)α(Lj,t
)1−α, (15)
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where adjusted capital Kj,t−1 = utKj,t−1; At denotes total factor productivity; and according
to motion law:

lnAt = (1 − ρA)lnAss + ρAlnAt−1 + εA
t , (16)

where εA
t is the total factor productivity shock and εA

t ∼ I IDN
(
0, σ2

A
)
.

The cost minimization problem of intermediate goods firms can be given as:

min(Wt
Lj,t

eL
t

+ RK
t Kj,t−1), (17)

where eL
t denotes labor demand shock and can be described as:

ln eL
t+1 = (1 − ρL)lneL

ss + ρLlneL
t + εL

t+1 + ln
(

1 − CovL
t+1

)
. (18)

Similar to aggregated demand shock, the labor demand shocks caused by the COVID-
19 pandemic CovL

t+1 follow as:

CovL
t+1 = pCov_L

t+1 ∆L +
(

1 − pCov_L
t+1

)
·0 = pCov_L

t+1 ∆L (19)

When the probability of the outbreak of COVID-19 is pCov_L
t+1 in the t+1 period, a

share ∆L of labor demand will decline. Otherwise, ∆L = 0. pCov_L
t+1 follows a logarithm

AR(1) process:

ln pCov_L
t+1 =

(
1 − ρpL

)
lnpCov_L

ss + ρpLlnpCov_L
t + ε

pL
t+1, (20)

where ε
pL
t+1 denotes pandemic probability shock in labor demand, and ε

pL
t ∼ I IDN

(
0, σ2

pL

)
.

Solving (17) subject to production function (15), we can obtain the expression of
optimal adjusted capital and labor demand as follows:

Kj,t−1 = αMCj,t
Yj,t

RK
t

, (21)

Lj,t = (1 − α)MCj,t
Yj,t

Wt
eL

t . (22)

Identical to the form of wage stickiness, we assume there are price-setting frictions in
the macroeconomy. Namely, only (1 − θP) percent of households can change prices to P∗

t
optimally each period. However, the remaining households have to peg the last period
prices. Thus, the motion law of price level is given as:

Pt = [θPPt−1
1−sP + (1 − θP)(P∗

t )
1−sP ]

1
1−sP (23)

Furthermore, the profit maximization problem of intermediate goods firms is as follows:

max
P∗

j,t

Et ∑∞
i=0 (βθP)

i
[

P∗
j,tYj,t+i − TCj,t+i

]
, (24)

where TCj,t denotes total costs, and TCj,t = Wt
Lj,t

eL
t
+ RK

t KP
j,t−1.

Solving (24), the optimal price level is given as:

P∗
t =

sP
sP − 1

Et ∑∞
i=0 (βθP)

iλt+iPt+i
sPYt+i MCt+i

Et ∑∞
i=0 (βθP)

iλt+iPt+i
sPYt+i

, (25)

where λt denotes the shadow price of wealth.
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3.5. Central Bank

According to Sargent and Surico [34], the central bank set the policy rate Rt following
the rule which is given as:

Rt

Rss
= (

Rt−1

Rss
)

ρR
[(

πt

πss
)

ψRπ
(

Yt

Yss
)

ψRY
]
1−ρR

εR
t , (26)

where Rss is the steady-state value of the policy rate, ρR denotes the persistence of the
policy rate, ψRπ and ψRY are sensitive parameters for policy response to inflation gap and
output gap, εR

t stands for monetary policy shock, and εR
t ∼ I IDN

(
0, σ2

R
)
.

3.6. Fiscal Authority

Fiscal authority acquires revenue from bond issuance and taxation; meanwhile, fiscal
authority has to pay for bonds that were issued in the last period and various public
expenditures. Therefore, the fiscal authority’s budget constraint implies that:

PtGt + Rt−1Bt−1 = τt + Bt (27)

where Gt is public expenditure.
The fiscal authority targets public expenditures and taxes using the countercyclical

policy rule:
Gt

Gss
=

(
Gt−1

Gss

)ρG

(
Yt

Yss
)
−(1−ρG)ψGY

(
Bt−1

Bss
)
−(1−ρG)ψGB

εG
t , (28)

τt

τss
= (

τt−1

τss
)

ρτ

(
Yt

Yss
)
(1−ρτ)ψτY

(
Bt−1

Bss
)
(1−ρτ)ψτB

ετ
t . (29)

where Gss and τss denote the steady-state value of public expenditure and taxation. ρG
and ρτ are the persistence of public expenditure and taxation, respectively. Besides this,
ψGY and ψGB denote the sensitive parameters of public expenditure policy response to the
output gap and debt gap. Similarly, ψτY and ψτB denote the sensitive parameters of the tax
policy response to the output and debt gaps. εG

t and ετ
t are public expenditure shock and

tax shock, εG
t ∼ I IDN

(
0, σ2

G
)

and ετ
t ∼ I IDN

(
0, σ2

τ

)
.

3.7. Market Clearing Condition

In equilibrium, the bond market, goods market, labor market, and capital market are
all clear. The final goods market clearing condition is given as:

Yt= Ct + It + Gt + Kt−1[χ1(ut − 1) +
χ2

2

(
ut − 1)2

]
(30)

3.8. Inequality Index

Finally, for investigating the impacts of the COVID-19 pandemic on social inequality,
we construct an inequality index by the wage income gap between Ricardian households
and non- Ricardian households [35], which is given as:

INt =

∫ 1
0 WR

n,tL
R
n,tdn∫ 1

0 WNR
n,t LNR

n,t dn
(31)

4. Calibration and Bayesian Estimation
4.1. Calibration

We calibrated most of the static parameters in the model according to previous litera-
ture. Table 1 summarizes our baseline calibration values.

The Chinese government will take strict measures, such as the lockdown of cities,
which have serious impacts on macroeconomic sustainability only when the number of
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confirmed cases reached a certain threshold. Therefore, we regard more than 500 new cases
in mainland China on the same day as the typical manifestation of a large-scale outbreak of
the pandemic in 2020, so we calibrate pCov_D

ss (the probability of an outbreak of COVID-19)
as 0.0822. Moreover, we set the reduction rate of aggregated demand ∆D and the reduction
rate of labor demand ∆L as 0.1413 and 0.2932 through statistical data from the 1st quarter
of 2020, when the COVID-19 pandemic was most serious in China.

Lastly, we fixed the values of some fiscal variables to the statistical data of China.
Based on the average ratio of fiscal expenditure to GDP between 2014 and 2018, we set
Gss = 0.2454Yss. Similarly, according to the tax data during 2014 to 2018, the steady-state
of the ratio of tax revenue to GDP is τss = 0.1770Yss.

Table 1. Calibrated parameters.

Parameters Description Value Source

β Discount factor 0.98 Zhang [36]
h External consumption habit of households 0.61 Zhang [36]
ω Ratio of Ricardian households 0.6 Ferrara et al. [37]
η The reciprocal of Frisch labor supply elasticity 2 Liu et al. [38]
δ Depreciation rate of private capital 0.025 Bekiros et al. [39]
φ Investment adjustment cost 1.728 Auray et al. [40]
χ2 Capital utilization parameters 0.0048 Bekiros et al. (2018) [39]
sW Substitution elasticity between heterogeneity labors 2 Smets and Wouters [41]
θW Wage stickiness 0.5 Smets and Wouters [41]
sP Substitution elasticity between intermediate products 6 Xiao et al. [42]
θP Price stickiness 0.75 Xiao et al. [42]
α Private capital share to output 0.49 Zhang and Zhang [43]

Bss
Yss

The steady-state ratio of government debt to aggregate output 0.44 Jin and Xiong [44]

4.2. Bayesian Estimation

We used the quarterly data of seven observable variables from China for the period
1996Q1 to 2020Q3 in the Bayesian estimation: real output, consumption, private investment,
consumer price inflation, real government expenditure, and real tax revenue. The real
output refers to GDP and was deflated by the inflation rate. For consumption, we used
the total retail sales of consumer goods and converted them from a nominal value to a real
value using the commodity retail price index. For private investment, we used investment
in fixed assets in the private sector. Besides this, consumer price inflation refers to the CPI
index in China. Real government expenditure and real tax revenue correspond to relevant
official statistical data directly and were also deflated using the inflation rate. All the
observable variables series were deseasoned, and the HP-filtered and cyclic components
were chosen for the estimate. These data were obtained from the National Bureau of
Statistics in China and the Wind database.

According to Eric [45], we set the prior means of monetary policy rule response
parameter to the output gap ψRY and to inflation gap ψRπ to 1.49 and 0.75, respectively. In
addition, we chose the prior means of fiscal policy rule response parameters ψGY, ψτY, ψGB,
and ψτB to be 0.5, 0.5, 0.2, and 0.2, which were in line with Bhattarai and Trzeciakiewicz [46].
Lastly, according to common methods in existing studies, the prior means of all persistent
parameters in the model were set to 0.7.

Table 2 reports the prior distributions, means, and standard deviations of the estimated
parameters, corresponding posterior means, and 90% intervals.



Sustainability 2021, 13, 3362 10 of 20

Table 2. Bayesian estimated parameters.

Parameters Description Prior Dist. Posterior Mean 90% Interval

ρA Persistence of total factor productivity B(0.7, 0.1) 0.6286 [0.6140, 0.6425]
ρD Persistence of aggregated demand B(0.7, 0.1) 0.8128 [0.7918, 0.8288]
ρL Persistence of labor demand B(0.7, 0.1) 0.5691 [0.5504, 0.5873]

ρpD Persistence of pandemic probability shock in aggregated demand B(0.7, 0.1) 0.7251 [0.7048, 0.7421]
ρpL Persistence of pandemic probability shock in labor demand B(0.7, 0.1) 0.8175 [0.7947, 0.8395]
ρR Persistence of policy rate B(0.7, 0.1) 0.6630 [0.6408, 0.6950]

ψRπ Monetary policy rule coefficient for inflation gap G(1.49, 0.2) 1.3846 [1.3728, 1.3997]
ψRY Monetary policy rule coefficient for output gap G(0.75, 0.2) 0.6153 [0.6033, 0.6271]
ψGY Fiscal expenditure rule coefficient for output gap G(0.5, 0.2) 0.6607 [0.6292, 0.6967]
ψGB Fiscal expenditure rule coefficient for debt gap G(0.2, 0.2) 0.1988 [0.1804, 0.2187]
ψτY Tax rule coefficient for output gap G(0.5, 0.2) 0.4584 [0.4000, 0.4981]
ψτB Tax rule coefficient for debt gap G(0.2, 0.2) 0.1919 [0.1699, 0.2147]

Note: B denotes beta distribution; G denotes gamma distribution.

5. Results and Discussion

In this section, based on the NK-DSGE model, we firstly investigate the impact of
the COVID-19 pandemic on various macroeconomic variables in China. Next, combined
with debates in the existing literature, we simulate the changes in extreme values of
macroeconomic variables with the variation in the feedback coefficient of monetary policy
in response to policy targets when the macroeconomy is faced with a positive pandemic
probability shock in aggregate demand (increase in the probability of COVID-19 pandemic
and decrease in aggregate demand) and a positive pandemic probability shock in labor
demand (increase in the probability of COVID-19 pandemic and decrease in labor demand).
The last part explores how central banks choose appropriate policy targets in the long run,
in order to alleviate welfare losses caused by COVID-19 pandemic shocks.

5.1. Impact of COVID-19 Pandemic on the Sustainability of the Macroeconomy

First, we simulate the impact of a 1% positive pandemic probability shock of aggregate
demand and a 1% positive pandemic probability shock of labor demand on the sustainable
development of the Chinese macroeconomy. The results are shown in Figures 1 and 2.
The period number is shown on the horizontal axis in both figures, while the vertical axis
reflects the deviation degree of each macroeconomic variable from the steady-state level in
the face of a pandemic probability shock.

As can be seen from the simulation results in Figure 1, the positive pandemic prob-
ability shock of aggregate demand brings great challenges to the sustainable operation
of the Chinese macroeconomy. There are some specific points: (1) in order to cope with
the COVID-19 pandemic, China has widely taken prevention and control measures such
as locking down entire cities. Affected by factors such as the closure of business places,
the probability of disease impact led to a significant decline in consumption, and the
consumption fell to the lowest point at the sixth period after the shock. At the same time, it
should be noted that, after the 18th period, consumption will turn from negative to positive
and be higher than the previous steady-state level, which means that with the gradual
stabilization and effective control of the pandemic in China, compensatory consumption
may rebound strongly. (2) According to the fiscal policy rules constructed in the model,
both expenditure and tax react to the output gap. As a result, the government will increase
public expenditure in response to the economic downturn caused by the pandemic. In
addition, the decrease in consumption means a corresponding increase in savings, and
savings will eventually be transformed into investment. Due to the superposition of these
two factors, investment will increase. However, with the exit of the earlier stimulus policies,
investment will decrease rapidly and gradually return to its steady-state level after the
10th period, indicating that the short-term increase in investment is not sustainable. (3) Ac-
cording to the clearing conditions of the product market, the joint effect of consumption
and investment determines the variation trend of output growth rate. Therefore, when
a pandemic probability shock of aggregate demand occurs, the output growth rate only
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increases briefly at the beginning of the policy stimulus and turns negative soon, which
is also consistent with economic intuition. The contraction in aggregate demand caused
by the COVID-19 pandemic will interrupt the continuous expansion of output. (4) Since
the COVID-19 pandemic has weakened the sustainability of economic growth and exac-
erbated the malaise of consumption, the real wages of labor force and enterprise profits
will also decline, especially enterprise profits, which will remain in a negative range for
a long time. (5) Due to the decline of consumer demand, the price of production factors
also drops, which leads to the decline in price level and deflation. (6) The contraction
in aggregate demand caused by the COVID-19 pandemic not only worsens the above
economic situation but also severely weakens fiscal sustainability. In Figure 1, on the one
hand, in order to stimulate the macroeconomy, the government has to increase expenditure
and reduce taxes in the long run, but on the other hand, due to the reduction in income
sources of micro-economic subjects such as individuals and enterprises, the government’s
tax revenue also decreases. The combined effect of the two leads to an expansion of fiscal
deficit. According to the budget constraint identity of the financial sector, in order to make
up for the deficit the government has to increase its debt, resulting in a significant increase
in the debt to output ratio, which eventually increases the unsustainability of government
debt and intensifies the probability of financial risk and systemic financial risk. (7) It is
worth noting that the impact also causes an increase in the inequality index measured by
the income gap of the two types of families. The pandemic has a more negative impact on
non-Ricardian families, which are economically disadvantaged compared to the Ricardian
families, thus aggravating the social polarization between the rich and the poor.
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Next, in Figure 2 the pandemic probability shock of labor demand has also seriously
affected the sustainable development of the Chinese macroeconomy. When comparing
the values of the vertical axis, we can see that the decline in labor demand caused by
the COVID-19 pandemic has a more prominent adverse impact on the macroeconomy.
Similar to the pandemic probability shock of aggregate demand in Figure 1, the pandemic
probability shock of labor demand also brings adverse effects, such as a decline in output
growth rate, consumption, real wages, and enterprise profits, as well as an increase in fiscal
deficit, debt-to-output ratio, and inequality; the mechanism is similar to the simulated
situation in Figure 1. However, compared with the results in Figure 1, the impact of the
pandemic probability shock of labor demand on some macroeconomic variables is also
slightly different. Firstly, the pandemic probability shock of labor demand leads to a
significant decrease in investment rather than an increase, as shown in Figure 1. The reason
for this is that the contraction of labor demand leads to a sharp increase in unemployment,
resulting in a decrease in the income of the household and enterprise sectors, thus inhibiting
the investment willingness and investment ability of the private sector. Secondly, unlike the
deflation caused by the pandemic probability shock of aggregate demand, the pandemic
probability shock of labor demand leads to a rise in price level and inflation. Thirdly,
the impact of the shock on the inequality index was weaker than that of the pandemic
probability shock of aggregate demand, but it also led to an increase in inequality at
the beginning. However, after the fifth period the sharp rebound of real wage level is
beneficial for non-Ricardian families who mainly rely on labor, which leads to a reduction
in inequality in the later period.

5.2. Choice of Monetary Policy Targets and Sustainability of Macroeconomic

Based on the simulation of the impact of two pandemic probability shocks on macroe-
conomic sustainability above, this part mainly investigates how to choose monetary policy
targets in order to reduce the adverse impact of the COVID-19 pandemic on the economy.
In Figures 3 and 4, the solid line and the dashed line, respectively, simulate the variation
trend of the impact of extreme values of the COVID-19 pandemic shock on various macroe-



Sustainability 2021, 13, 3362 13 of 20

conomic variables when the response coefficients of monetary policy to the two main goals
of price stability and economic growth increase from zero to sic, respectively.
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Based on the results of Figures 1 and 3 simulates the changing trend of minimum
values of output growth rate, consumption, price level, real wage, and enterprise profiles
and maximum values of investment, fiscal deficit, debt to output ratio, and inequality
index when the feedback coefficient of monetary policy objectives changes. As can be
seen from the solid line in Figure 1, when faced with the pandemic probability shock
of aggregate demand, a monetary policy focusing on price stability is more conducive
to ensuring the sustainable operation of the Chinese macroeconomy. Specifically, as the
monetary policy pays more attention to the inflation gap, the minimum values of output
growth rate, consumption, and enterprise profits all increase significantly, indicating that
a monetary policy that pays more attention to price stability is helpful to alleviate the
downward pressure on the economy caused by the COVID-19 pandemic and restrain the
decline in the profitability of enterprises. As far as the sustainability of government debt
goes, a monetary policy that pays more attention to price stability leads to an expansion
of fiscal deficit. However, its positive effect on promoting economic recovery is more
than the negative effect of debt expansion, and the combined effect of the two leads to
a significant downward trend of debt output ratio, which enhances the sustainability of
government debt. Finally, the change in the monetary policy’s feedback coefficient on the
inflation gap shows an inverted U-shaped relationship with the inequality index. When
the feedback coefficient is less than two, a monetary policy focusing more on price stability
will exacerbate the gap between the rich and the poor, and when the response coefficient
further increases the monetary policy will restrain the rise in inequality. Compared with
the above results, with the increase in the response coefficient of monetary policy to the
output gap, the effect of promoting economic sustainability is only reflected in a reduction
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in fiscal deficit and a reduction in inequality and other specific areas, and the effect of
the overall policy is less than that of a monetary policy that pays more attention to price
stability in the case of the pandemic probability shock of aggregate demand.
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Figure 4 investigates the correlation between the choice of monetary policy target and
sustainable economic growth when faced with the pandemic probability shock of labor
demand. However, a monetary policy that pays more attention to the goal of economic
growth plays a better role in ensuring the sustainable operation of the macroeconomy,
which is different from the conclusion in Figure 3. Specifically, with the increase in the
response coefficient of monetary policy to the output gap, the minimum values of output
growth rate, consumption, and investment all increase significantly, indicating that the
monetary policy has alleviated the adverse impact of the decline in labor demand caused by
the COVID-19 pandemic on the sustainable operation of the macroeconomy. In addition, a
monetary policy that pays more attention to the output gap not only promotes the recovery
of output, but also brings about a decline in the debt to output ratio, thus increasing
the sustainability of government debt. In view of the fact that economically weaker
non-Ricardian households are more vulnerable to unemployment caused by a decline in
labor demand and the increase in monetary policy’s response coefficient to the output
gap promotes economic recovery and employment, the policy also significantly reduces
income inequality among different income groups. Although the effect of a monetary
policy focusing on economic growth goals is overall positive, there are also limitations.
Firstly, the regulation effect of the policy on real wages is weak. At the same time, it further
aggravates deflation and weakens the profitability of enterprises. Secondly, only when the
response coefficient of monetary policy to the output gap is less than one, the monetary
policy can exert a significant regulatory effect on the macroeconomy. However, with the
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further increase in the response coefficient, the policy effect shows a marginal decreasing
trend, which indicates that the space for future policy is limited.

5.3. Choice of Monetary Policy Targets and Long-Term Welfare Loss

In Section 5.2, this paper mainly investigates the cases where the COVID-19 pan-
demic has adverse effects on aggregate demand and labor demand separately. However,
the COVID-19 pandemic often has a huge impact on both in many practical cases, and
the impact of the COVID-19 pandemic and monetary policy regulation on different eco-
nomic subjects is often heterogeneous. Based on the approach of Gali and Monacelli [47]
and Prasad and Zhang [48], this paper constructs the long-term welfare loss function
of Ricardian and non-Ricardian families from a broader and longer-term perspective to
investigate the choice of monetary policy target when the COVID-19 pandemic acts on
aggregate demand and labor demand. According to the utility functions of the two types of
household sectors, the total social welfare loss functions obtained by the Ricardian family,
non-Ricardian family, and the weighted average of the two are set as follows:
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t . (34)

In Figure 5, the solid line and the dashed line simulate the change in the welfare
loss caused by the COVID-19 pandemic when the monetary policy changes the response
coefficient of the inflation gap and the output gap from zero to six, respectively. First of all,
by comparing the values on the vertical axis in the figure, it can be seen that the welfare loss
caused by the COVID-19 pandemic on the economically weaker non-Ricardian families
is greater than the welfare loss caused to the Ricardian families, which also confirms the
necessity of the above investigation of income inequality. Existing studies also provide
theoretical support for this phenomenon. Sydenstricker [49] and Mamelund [50] found
that public health events would exert different effects on groups with different economic
and social status based on the study of the 1918 pandemic. Moreover, economically
vulnerable groups will suffer higher infection rates and mortality in the pandemic. Arthi
and Parman [51] also reached similar conclusions in their study on the COVID-19 pandemic.
Bargain and Aminjonov [52] observed the situation of Africa and Latin America during
the COVID-19 period and pointed out that the poor save little and work in informal
employment. Therefore, the blockade measures caused by the COVID-19 would make
this group fall into extreme poverty. As far as Ricardian families are concerned, with the
increase in the response parameter of monetary policy to the output gap, the welfare loss
is reduced obviously, but with an increase in the response parameter of monetary policy
to inflation gap the welfare loss increases. For non-Ricardian families, the increase in
monetary policy’s attention to the inflation gap and output gap is beneficial to reduce the
welfare loss caused by the COVID-19 pandemic. By contrast, a monetary policy that pays
more attention to the economic growth target still has a better effect on reducing the welfare
loss. The right figure in Figure 5 depicts the impact of monetary policy target choice on
the whole social welfare loss. The conclusion is similar to the situation of non-Ricardian
families—that is, only focusing more on the economic growth target can monetary policy
significantly reduce the loss of welfare at this time. Therefore, monetary policy should pay
more attention to economic growth targets in the long run, thereby ensuring sustainable
social welfare when the COVID-19 pandemic has a significant adverse impact on both
aggregate demand and labor demand. This result is roughly in line with that of other
papers that argue for abandoning the containment policy, stating that stimulating output
expansion too early ultimately leads to a decline in social welfare [53].
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6. Conclusions and Policy Recommendations

Based on the reality of Chinese macroeconomic operation, we constructed a NK-DSGE
model and simulated the negative impact of the COVID-19 pandemic on the macroeconomy.
Then, the choice of monetary policy to promote sustainable economic growth was discussed.
The conclusions are as follows: (1) the outbreak of the COVID-19 pandemic led to a decline
in the aggregate demand and labor demand that both brought serious challenges to Chinese
macroeconomic sustainable operation, causing superficial problems including a fall in the
economic growth rate, consumption shrinkage, and declines in real wages and corporate
profits. The COVID-19 pandemic increased the fiscal deficit, weakened the sustainability
of government debt, and increased social inequality to a certain extent as well. (2) When
the adverse impact of the COVID-19 pandemic on the macroeconomy is mainly reflected
in a decline in aggregate demand, monetary policy should pay more attention to the target
of price stability, thereby promoting economic recovery, ensuring the sustainability of
government debt, and narrowing social inequalities. (3) When the adverse impact of the
COVID-19 pandemic is mainly reflected in a decline in labor demand, a monetary policy
that focuses more on the target of economic growth has a better effect. However, with
the increase in the output gap, monetary policy also faces the limitation of diminishing
marginal effect. (4) When the COVID-19 pandemic has a significant impact on aggregate
demand and labor demand, a monetary policy that focuses more on the target of economic
growth has a significant effect on mitigating the welfare losses of both two kinds of
heterogeneous families and aggregate social welfare losses, while a monetary policy that
pays more attention to price stability can only mitigate the welfare loss of non-Ricardian
families. Therefore, monetary policy should focus more on the economic growth target in
the long run when facing the COVID-19 pandemic.

According to the above results and conclusions, we put forward the following policy
recommendations in order to provide a useful reference for policy practice.

(1) China, as well as other countries around the world, should maintain sufficient vig-
ilance against the adverse impacts of the COVID-19 pandemic on the sustainable
operation of the macroeconomy. In particular, the unemployment caused by the
COVID-19 pandemic should be paid more attention to, and positive measures should
be taken accordingly.

(2) When the negative impacts of the COVID-19 pandemic are mainly reflected in a
contraction in aggregated demand, monetary policy should be devoted to keeping the
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currency value stable, with the careful implementation of quantitative easing, zero
interest rates, and unconventional monetary policy to avoid devaluation caused by
the excessive issuance of currency, maintain the real purchasing power of household
wages, and promote consumption to offset the impact on aggregate demand.

(3) When the adverse impacts of the COVID-19 pandemic are mainly reflected in a decline
of labor demand, monetary policy should turn to focus on the target of economic
growth. Governments should ensure a certain economic growth rate to increase social
employment, alleviate unemployment problems, and ensure the sustainability of
economic development by increasing the utilization rate of labor elements.

(4) When the COVID-19 pandemic poses a major threat to both the aggregated demand
and labor demand, the central bank should use economic growth as its long-term
policy target when deciding monetary policy. The recovery of household consumption
and employment rely on sustainable economic growth and reduce social welfare loss.
In addition, since non-Ricardian families suffer more from welfare loss during the
COVID-19 pandemic, central banks should give more consideration to the appeals of
the economically disadvantaged while choosing monetary policy targets and strive to
reduce inequality.

(5) The research of this paper is of great significance to other countries in the world as
well. For developing countries in Africa and Latin America, which were severely
affected by the pandemic, the unemployment caused by the COVID-19 pandemic
should be controlled to a minimum, and the rising unemployment rate should pre-
vent the economically disadvantaged from falling into extreme poverty and further
aggravating social inequality. For developed countries, the unconventional monetary
policies such as quantitative easing, zero interest rate and negative interest rate, which
aim at promoting economic growth, can effectively alleviate the unemployment and
economic recession brought by the COVID-19 pandemic. However, we should not
ignore the financial risks that these policies may lead to in the long term and its
spillover effect to other countries.

Since this study is mainly based on Chinese practice in the monetary policy, only the
choice of price monetary policy under the impact of the COVID-19 pandemic is investigated.
However, in order to cope with the deep economic recession caused by the pandemic, many
countries have adopted unconventional monetary policy tools such as quantitative easing,
which not only stimulate economic growth and employment, but also bring significant
inflation pressure and lead to currency devaluation. In this regard, the relevant theories
of Austrian economics can provide ideas for the analysis of the adverse consequences
of expansionary monetary policy. Mises [54] pointed out that expansionary monetary
policy would distort the redistribution of income and wealth but would not bring a general
increase in living standards. Specifically, expansionary monetary policy is beneficial to
those who receive the new currency first, while the fixed income group who receive the
new currency later or not will suffer losses, resulting in permanent changes in the structure
of income, wealth, and demand. In addition, Huerta de Soto [55], based on the Austrian
business cycle theory developed by Mises [54,56], Hayek [57], and Rothbard [58] criticized
the expansionary monetary policy implemented based on Keynesian ideas, arguing that the
credit expansion would lead to the imbalance between investment and savings, and the vol-
untary savings level would be insufficient to sustain the new investment projects financed
by credit expansion. Similarly, Albinowski [59] and Mulligan [60] suggested that credit
growth reduces the share of savings in total deposits, causing an investment boom and
unsustainable business expansion. Hence, based on related theories of Austrian economics,
Hoffmann et al. [61], Keeler [62], and Newman [63] pointed out that overly expansionary
monetary policies can cause various adverse consequences, such as overinvestment cycles,
distortions in the economic structure, disturbing relative prices, and an unsustainable
credit boom. Further, Bagus [64] studied the situation after the financial crisis in 2008 and
pointed out that the zero interest rate policy would lead to the institutionalization of the
real negative interest rate, thus causing a moral hazard, stimulating the development of a
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bubble economy, and damaging the stability of the financial system, while withdrawing
from zero interest rate policy would be politically costly.

Apart from debates on expansionary monetary policy, the effect of the classical Taylor
rule has also been doubted. Machaj [65] studied a 2001–2008 real estate bubble and argued
that we cannot avoid the macroeconomic bubble simply following the Taylor rule, because
the Taylor rule has many variants, lacks the precise definition, and it is not in line with
the coordination of the market economy. Hence, the Taylor rule is imperfect for monetary
policy practice.

Therefore, in future research, we can pay more attention to the target selection of
unconventional monetary policies represented by quantitative easing, zero interest rates,
and negative interest rates in the face of the COVID-19 pandemic, that is, how the un-
conventional monetary policies should balance the maintenance of currency stability and
economic recovery. In terms of the model framework, future studies can further extend
the model to the open economy environment, so as to explore the spillover effects of the
unconventional monetary policies launched by European and American countries after
the COVID-19 pandemic on the monetary policies of other countries. In addition, we can
try to introduce more methods of monetary policy adjustment to the model except for
the classical Taylor rule. Lastly, including commercial banks and other financial sectors
in the model framework, and then investigating the transmission channel of monetary
policy through the financial sector is also a direction worth expanding in future research in
this field.
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