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Climate transition risks pose growing financial stability concerns, but research on
quantifying climate policy impacts remains underexplored. This paper helps
address this gap by evaluating how carbon tax (CT) and green supporting
factor (GSF) influence China's financial stability. An innovative dynamic
stochastic general equilibrium (DSGE) model incorporating the banking sector
is developed to quantify transmission channels, improving on conceptual studies.
It reveals that more intense climate policies heighten impacts on financial stability,
with CT improving it but GSF hampering it in the long run. However, both policies
negatively affect stability initially, albeit insignificantly. These diagnostics
underscore calibrating policy intensities and sequencing to balance climate
and economic objectives. Furthermore, this study reveals asymmetric effects
on polluting and non-polluting enterprises, with the former seeing reduced
output and lending but the latter gaining. The differentiated approach
proposed, tailored to firm emissions levels, provides key insights for unlocking
smooth green transitions while maintaining financial system resilience. The paper
makes important contributions by bringing together climate policies, adaptation,
and financial stability. The findings offer insights into achieving a smooth climate
transition while maintaining financial stability. Specific implications include starting
with low CT on the heaviest emitters, gradually lowering risk weights for green
lending, and using public incentives and investment to aid polluting firms’
transition. This study offers valuable quantitative insights for developing
country-specific climate financial risk policies.

KEYWORDS

climate transition risk, financial stability, bank loans, carbon tax, green supporting factor,
DSGE model

1 Introduction

As the world’s most complex environmental problem resulting in the largest externality,
climate change has a broad and profound impacts (Tang Y. et al., 2023). It leads to a greater
frequency of extreme weather events and an increasingly pronounced negative impact on the
economic system which are manifested in a wide range of areas such as agriculture, industry,
manufacturing, ecosystems and human health (World Bank, 2016; Bank, 2017; Duan et al.,
20225 Tang W. et al., 2023; Duan et al,, 2023). In addition, climate change-induced natural

Abbreviations: CAR, Capital adequacy ratio; CT, Carbon tax; DSGE, Dynamic stochastic general
equilibrium; GSF, Green supporting factor; NPEs, Non-polluting enterprises; NPL, Non-performing
loan; PEs, Polluting enterprises; SDGs, Sustainable Development Goals.
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disasters have led to fluctuations in asset pricing, impacting the
profitability and solvency of companies, increasing the credit risk,
liquidity risk, and operational risk of the financial system and even
posing a contagious risk, jeopardizing financial stability (Dietz et al.,
2016; Lamperti et al., 2019; Liu et al., 2021).

To mitigate climate risk and enhance climate change resilience,
nations have been implementing climate change policies (Cifuentes-
Faura, 2022; Li et al., 2023; Liu et al., 2023). Carbon tax (CT) on
carbon-intensive activities has been advocated to address climate
change and the mispricing of climate-related financial risks. It is a
binding policy that would raise production costs for carbon-
intensive enterprises, encouraging low-carbon energy technology
investments. However, concerns have been raised regarding its
impact on inequality, financial stability, and GDP growth (Bovari
et al., 2018; Mercure et al., 2018; Monasterolo and Raberto, 2018).
China has included carbon tax (CT) in the Environmental Protection
Tax Law, and CT policy will be levied in due course. This policy
provides carbon-intensive firms with the choice of either paying
extra taxes or investing in low-carbon energy technologies (Shang
et al.,, 2023). The European Commission has proposed the revision
of micro-prudential banking framework by including a green
supporting factor (GSF) to reduce the need for additional capital
when making green investments (Dombrovskis, 2018). It is a
proposed incentive policy that would encourage financial
institutions to support investments in ecologically friendly
ventures. GSF can break the impasse of CT, but there are
disputes on the possibility of increased financial risk and
instability (Thoma and Hilke, 2018).

China faces particularly pressing climate policy imperatives
(Yuan et al., 2023). First, China is one of the countries that are
most vulnerable to climate change (IPCC, 2022). Increasing sea
levels and extreme weather events have posed significant threats to
China’s agriculture, transportation, infrastructure and so on.
Second, climate change will disrupt international supply chains,
impacting China’s domestic goods supply and commodities prices.
This will also affect the performance of financial firms with
portfolios vulnerable to climate-related risks, potentially leading
to financial instability. Therefore, the Chinese government has
put great emphasis on the implementation of climate change
policies. The 14th Five-Year Plan and the outline of the
2035 Vision propose reducing energy use and CO, emissions per
unit of GDP by 13.5% and 18.0%, respectively. These policies
emphasize carbon reduction and accelerate green transformation.
Irrational green transitions, however, could threaten financial
stability and perhaps lead to financial problems. Additionally, it
has an impact on achieving the Sustainable Development Goals
(SDGs), which include responsible consumption and production of
affordable, dependable, and clean energy, technological innovation
in response to climate change, and sustainable economic growth
(SDGs 7, 8,9, 12, and 13) (Monasterolo and Raberto, 2018; Lorente
et al., 2023; Uche et al., 2023; Wang et al, 2023). Therefore,
analyzing the impact of implementing CT and GSF on China’s
financial system stability during the low-carbon economic transition
is essential. This analysis helps in formulating effective policies for
financial stability and achieving the SDGs.

This research offers a significant contribution by conducting a
comprehensive analysis of the complex relationships among climate
policies, financial stability, and economic performance. Despite
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growing concerns about climate transition risks, quantitative
analysis of policy impacts on financial stability remains limited.
This study presents a novel dynamic stochastic general equilibrium
(DSGE) model that incorporates the banking sector. It provides a
detailed analysis of the mechanisms by which carbon tax and green
supporting factor policies impact both the real economy and the
banking system. The findings reveal differentiated effects on
polluting versus non-polluting firms, underscoring the need for
targeted policy design. The focus on China is timely given its high
vulnerability to climate change and emissions intensity. Moreover,
academic literature on crafting tailored climate finance policies for
China is scarce. This research offers original insights by simulating
policy scenarios of varying intensity. The policy recommendations
will be valuable for policymakers seeking to balance environmental,
economic and financial objectives during the green transition. By
bringing an integrated perspective on climate adaptation and
financial stability, and offering quantitative analysis of policy
trade-offs, this paper makes a substantial addition to the limited
existing climate finance literature.

The DSGE model offers several advantages in analyzing the
impact of climate policies. Firstly, the DSGE model can capture
the long-term effects of climate policies, and model transmission
channels in a general equilibrium framework. It enables
counterfactual simulations to compare policy outcomes and
risks, ground behavior in micro-foundations, customize the
model to China’s
The
integrated analysis of economic agents and market decision-

economy, and capture policy effects

uncertainties. general equilibrium structure allows
making to determine policy shift responses and interactions.
Furthermore, the simulation capabilities allow quantitative
comparisons of different climate policy scenarios to evaluate
their impact. Customizing the model to China’s economic
characteristics is essential for applicable findings. Finally, the
dynamic stochastic properties capture essential uncertainties in
the climate and policy effects. Therefore, the DSGE model offers a
granular, empirically grounded analysis of climate policy
outcomes across the economy and financial sector.

This paper makes several important innovations that advance

climate finance research:

i. It employs an improved DSGE model incorporating the banking
sector to quantitatively analyze the impact of climate policies on
financial stability. This captures the critical linkages between the
real economy and financial sector missing in conceptual climate
finance studies.

ii. The modeling of heterogeneous enterprises based on emissions
intensity reveals new insights into the asymmetric effects of
climate policies on polluting vs. non-polluting firms. This
enables targeted policy design.

iii. The comparison of carbon tax and green supporting factor
policies is novel. Plus, the simulation of different policy

calibrated

sequencing. And the analysis of multiple financial stability

intensities demonstrates the significance of
indicators like lending rates, loan size, non-performing loan
ratio and capital adequacy ratio provides a comprehensive
assessment.

iv. The focus on China addresses a major gap, as climate finance

research centered on developing countries is very limited.
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The remaining structure of the paper is as follows: Section 2
reviews relevant literature. Section 3 outlines the transmission
mechanisms of a CT and a GSF through the real economy and
credit, and constructs a DSGE model. Section 4 performs a
simulation analysis of the impulse responses of the economic and
financial system to diverse climate policies. Section 5 provides
findings and policy implications for climate governance.

2 Literature review
2.1 Financial stability and the measurement

There are two principal perspectives on the concept of financial
stability, namely, financial stability and financial instability. The
former is defined as the capacity of the financial system to allocate
savings to investments consistently and effectively (Phan et al,
2021), while the latter is defined as the financial system’s
and fulfill its

macroeconomic responsibilities during financial crises (Yang

instability to provide financial resources
et al, 2020). Abundant studies have discussed the relationship
between financial stability and the real economy. Some scholars
believe that economic growth reduces financial instability (Batuo
et al,, 2018). Similar conclusions can be referred to Alsamara et al.
(2019), which state that financial instability can impede economic
growth and development, while negative economic shocks can also
cause financial instability.

Liu et al. (2021) selected nine indicators covering financial
development, macroeconomic situation, and financial market
functions to construct a financial stability indicator system to
assess the impact of climate change on financial stability. An et al.
(2022) constructed a Financial Stress Index for the Chinese
financial market by selecting six financial submarkets: stocks,
bonds, insurance, banking, foreign exchange, and real estate. It
evaluates the influence of climate change transition risks on
financial stability. In emerging economies, the banking sector
is the largest component of the financial system, so the banking
soundness is also often regarded as a measure of financial
stability. Capital adequacy ratio and non-performing loan
ratio are commonly used to reflect the risk resilience of bank
assets (Sebayang, 2020). Besides, the bank credit-to-deposit ratio
and bank Z-score are used in the risk assessment (Syed et al,,
2021; Daud et al., 2022).

2.2 The interplay of climate change policies,
economy and financial stability

In recent years, carbon tax (CT) has been one kind of binding
policies that targets climate change. Economides and Xepapadeas
(2018) constructed a new Keynesian DSGE model concluding
that the CT would lead to a decline in economic output in the
short run, but would raise the output in the long run. Using the
Global Trade Analysis Project, Gu et al. (2023) came to the
conclusion that while the CT policy short-term causes certain
negative shocks to the economy, social welfare level, trade status,
and output level, in the long run, it may be useful in guiding the
economy toward a green transition. Dunz et al. (2021) used a
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stock-flow consistent model to conclude that a CT increases the
production costs of polluting companies through fiscal channels,
lowers their profitability and market value and increases default
risks, which in turn results in a rise in non-performing loans at
banks and ultimately hurts financial stability. Using stress tests,
Nehrebecka (2021) revealed how the CT reduces the profitability
of non-financial entities significantly, which then raises their
default rates and ultimately increases credit risk. Li et al. (2022)
used a bottom-up approach to study the systemic risk of the
banking sector caused by CT and discussed the exponential
relationship between CT and systemic risk. Aiello and
Angelico (2023) estimated the potential impact of the different
CTs on Italian banks’ default rates and suggested a negative
relationship between CT and financial stability. In contrast to the
above conclusions, Xing et al. (2022) argued that CT on firms can
reduce investment in high carbon emitting firms, i.e., brown
investment, thus limiting brown capital accumulation and
contributing to the long-term stability of the financial system.
Green supporting factor (GSF) is one of the incentive climate
change policies being discussed in the literature. In the GSF
scenario, the lending conditions for the green sector improve,
which lowers the prices of green capital goods. This, in turn,
contributes to raising the green capital share of the green firm and
their productivity, which spurs GDP growth (Dunz et al., 2021).
Some scholars believed that the introduction of GSF implies
looser supervision of the capital adequacy ratio of green
assets, which underestimates possible real financial risks
associated with them (Dankert et al., 2018; Thomi and
Gibhardt, 2019). Wang and Song (2020) employed a stock-
flow consistent model to examine the effects of various types
and durations of climate change policies on financial stability.
Their findings revealed that green supporting factor policy
weakens on the stability of bank-centered financial systems.
and Nikolaidi (2021)
macrofinancial model to explore the potential impact of the

Dafermos applied an ecological
GSF on climate-related financial risks, suggesting that the GSF
promotes green credit, thereby increasing bank leverage and
ultimately creating transition risks. Xing et al. (2024) found an
interactive effect of GSF on bank credit creation by constructing
an agent-based stock-flow consistent model for commercial

banks and conducting numerical experiments.

2.3 Research review

Existing literature has examined various aspects of climate
policy impacts, but research quantifying the effects on financial
stability remains limited despite growing concerns about climate
transition risks. Moreover, most studies focused on macro
analysis without examining firm-level heterogeneity based on
emissions intensity. Differentiated effects on polluting versus
non-polluting enterprises with implications for targeted policy
In conclusion, this

design remain underexplored. study

contributes significantly by adopting a comprehensive
approach to climate financing, utilizing a novel framework,
and providing detailed policy recommendations. We fill the
research gap by analyzing the transmission paths of CT and

GSF on financial stability, and introducing the financial sector
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FIGURE 1

The transmission channel of CT. Note: The green arrow represents non-polluting enterprises, while the yellow arrow represents polluting
enterprises. Dotted line boxes represent the effects of a CT on the banking sector, while straight line boxes represent implications for the real economy.

represented by an improved DSGE model. In addition, we divide
the enterprises into polluting and non-polluting enterprises’, and
simulate the impact on the banking sector, households, the
government, and enterprises of varying intensities of climate
change policies.

3 Theoretical model

This section presents the construction of DSGE model for
China. The model incorporates key sectors such as production,
consumption, monetary, and government. The entities involved in
the system are households, producers of final goods (non-polluting
enterprises and polluting enterprises), the government, and the
banking sector. The household sector is primarily characterized
by consumption, saving, and labor supply, whereas the enterprise
sector is characterized by production and sales, labor demand,
investment, and financing. Government departments are
primarily involved in government revenue and expenditure, as
well as policy formulation and implementation, while commercial
banks are primarily involved in the deposit and loan business. We
introduce the CT and GSF as exogenous shocks, and then solve the
DSGE model. Firstly, we analyze the risk transmission channel of
carbon tax and green supporting factor as follows:

We assume that society is primarily composed of four sectors,
namely, family, enterprise, banking, and government, among which
the enterprise sector is divided into non-polluting enterprises
(NPEs) and polluting enterprises (PEs). The banking sector, as a
representative of the financial system, is primarily linked to the real
economy through credit.

Carbon tax policy affects the real economy and financial system
through bank credit (Figure 1). The implementation of a carbon tax
(CT) raises the marginal cost of goods for PEs, thereby elevating

1 The polluting industry codes chosen for this paper are BO6, BO7, BO8, BO9,
B10, B11, B12, C17, C18, C19, C22, C25, C26, C27,C28, C29, C31, C32, and
D44, as per the Environmental Information Disclosure Guidance for Listed
Companies published by the Ministry of Ecology and Environment in
2010 and the 2012 edition of the industry classification standards of the
China Securities Regulatory Commission. The remainder are non-
polluting industries.
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their risk of default, while NPEs experience no such effect. CT’s
negative effects may be exacerbated by PEs’ higher bank loan rates
and NPEs’ lower rates. Conversely, CT results in a rise in the
production of green businesses and a decline in the production
of PEs, thereby impacting the overall output of society. The
variability of the aggregate social output will be concomitant with
alterations in the overall labor force demand within the market,
subsequently influencing wage levels. And the household sector’s
wage level alteration will affect the labor cost and purchase demand
of products in the enterprise sector.

Furthermore, the effects of a CT on real economy and families
are likely to have implications for financial stability via the
banking sector. The implementation of a CT is anticipated to
result in an increase in loan interest rates for PEs and a decrease
in loan interest rates for NPEs. This, in turn, is expected to have
an effect on the overall level of bank loan interest rates. The non-
performing loan (NPL) ratio of banks is contingent upon both the
magnitude of bank loans and the default risk of enterprises. The
implementation of a CT has resulted in a rise in the default rate of
PEs, a decline in the default rate of NPEs, and an alteration in the
overall default rate of the community, ultimately impacting the
NPL ratio of financial institutions. The capital adequacy ratio
(CAR) of a bank is contingent upon its internal capital, loan
and the The
implementation of a CT is expected to have an impact on the

portfolio size, risk weight of its loans.
capital and loan scale of the concerned entity, which in turn may
affect the CAR of the bank.

The implementation of a GSF reduces the risk weight of loans to
NPEs, as the loan scale of banks is constrained by the minimum
CAR, which in turn leads to the fact that banks can increase their
loan size while holding the same amount of their own capital.
Specifically, on the premise of meeting the minimum CAR
requirement, banks will lower the interest rate of loans to non-
polluting enterprises and expand the scale of loans to non-polluting
enterprises.

The GSF affects the real sector of the economy through bank
credit (Figure 2). For NPEs, a decreasing interest rate reduces the
cost of financing, and the marginal cost of the firm’s product. For
PEs, this effect does not exist. As a result, the profits of NPEs increase
while those of PEs decrease in the product market. The interest rate
of PEs rises accordingly.

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1295951

Meng et al. 10.3389/fenvs.2023.1295951
Total : Labor factor
output demand ":> Wage
GSF | l Interest Rates | {T= l‘Margiual costs] | = 1 Profits —= ?Outp\lts — lDefault rate
Loan scale ‘:> NPL
FIGURE 2

The transmission channel of GSF. Note: The green arrow represents non-polluting enterprises, while the yellow arrow represents polluting
enterprises. Dotted line boxes represent the effects of a GSF on the banking sector, while straight line boxes represent implications for the real economy.
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FIGURE 3

The structure of DSGE model with carbon tax (CT) and green supporting factor (GSF).

In addition, the implementation of a GSF leads to an increase in the
output of NPEs and a decrease in the output of PEs. This, in turn, causes
shifts in total social output and the total social demand for labor,
ultimately influencing the wage level. For the household sector, the
change in wage level affects the labor cost of the enterprise sector as well
as the purchase demand for products. Following the discussion of risk
transition path of a CT and a GSF, we build an improved DSGE model
incorporating the banking sector in the next section.

Frontiers in Environmental Science

After analyzing the shock transmission channel, we then
consider the optimization behavior of household utility
maximization, enterprise profit maximization, bank self-owned
capital maximization, and government decision-making
optimization, achieving partial equilibrium in different markets
of the economic system to reach the final overall general
equilibrium. The structure of the DSGE model with a CT and

GSF is shown in Figure 3.
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3.1 Model overview

3.1.1 Households

Assuming that there are a large number of homogeneous and
infinitely resident households in the economy, a representative
household maximizes the sum of its inter-temporal utility
through inter-temporal consumption allocation, current labor
supply, money and bond holdings. The utility function can be
expressed as follows:

1+¢
L

_1+(p

M179
+
1-9

0t (Ct - Qcct—l)lﬂ7
E‘thoﬁ l-0

(1)

where E; is the expectation operator, 8 is the discount factor (0 < <
1). C;, Ly and M, respectively represent the consumption, labor
supply and household money holdings in period t o, ¢, 9
of household
consumption, the inverse of the labor supply, and the inverse of

respectively is the intertemporal elasticity
the elasticity of substitution of real money holdings. ¢,_ is the habit
parameter of household.

In this paper, we assume that the representative household earns
interest income through savings and bond purchases in period ¢, in
addition to obtaining labor wages. The constraint for the household

is Eq. 2.

PC+M;+B+S =W, L+ 1+R_)Biy + 1 +71)S1 (2)
where P, is the price of consumer goods, B; is the number of bonds
held by the household, W, is the wage, S; is the household savings, R,

and r; is the bond return and deposit interest rate respectively, and
the new household deposit savings for each year is satisfied as:

S =8+1; (3)

The first-order conditions for maximizing the representative
household’s utility are

(Ci = 2,Cie1)° = BPE (Criy — D.C)° = L Py (4)
-L! =\ W, (5)

—M;S = (6)

Ei A (1 +R)] = A (7)

EAda (1 +r)] =M (8)

where A; devotes the Lagrange multiplier.

3.1.2 Enterprises

We investigate the economic performance of enterprises
different climate strategies,
their The enterprise
categorized into two groups, namely, PEs and NPEs. The

under change and observe

variations in responses. sector is
following Cobb-Douglas function is utilized as the production

function for a typical polluting enterprise.
Y, = Al,tL{f,,Ki;a )

where Y is the output of the polluting enterprise and L, K are
labor employment level and capital in period . The labor and capital
output elasticity are devoted by « and 1-a, respectively. A;; is the
exogenous technology level of the polluting enterprise in period f,
and obeys the logarithmic first-order autoregressive (i.e., AR(1))
process.
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logAy; = p,logAi i + a4, ~ iid. (10)

where p, is the AR(1) coefficient of technology level.
At the end of period t-1, the decision of the polluting enterprise
can be expressed as:

2
K= (1-0)Ky +11,z[1 - %( L —1> ]

where ¢ is the capital depreciation rate, X is the extent of change in

(11)

investment adjustment costs. I and%( (% —1)% are respectively the
new investment and investment adjustment cost of polluting
enterprise .

This paper refers to Cao et al. (2021) for imposing a carbon tax
on production, as it is more beneficial to control carbon emissions by
taxing the production process. Assume that the carbon tax rate is an

exogenous variable 7y, and obeys the following process.

logris = (1 - p)logTis + plogTi ey + &, 80, ~ iid. (12)

where p_ is the AR(1) coefficient of the carbon tax rate .
Eq. 13 can be used to describe the polluting enterprise’s profit-
maximization behaviors:

max {LU,KM}EtH =P,Yy, - [W,Ly; + Ky, + 7,,CE]  (13)
where 1, is the loan interest rate of the polluting enterprise. CE;
denotes the carbon emissions, affected by the level of output of
polluting enterprise and the level of environmental protection
technology, the specific expression can be written as:

CE, = IY,ET; (14)

where [ is the carbon emission intensity based on output. ET; is the
level of environmental technology, and it is assumed to obey the
following process.

logET, = (1 - pyy) - logET; + pyrlogET ) + eprpeer,~ iid. (15)

where pp- is the AR(1) coefficient of environmental technology .
The first-order conditions for maximizing polluting enterprise’s

profits are
P I,,Y.ET!
&.Yl’t_wt_wzo (16)
Ly, Ly,
1-a)P It Y ET; (1 -
( )P, Y- - Tl ( ) -0 17)
Kl,t Kl,t

It is further considered that the probability of default on
corporate loans increases when the production and operation of
polluting enterprise are unstable. This paper refers to Dunz et al.
(2021), assuming that the default rate of polluting enterprise is

Cit = Crp-1- (1 - M) (18)
Tyt-1
The default scale of polluting enterprise is
NPLy; = c1:Ky ¢ (19)

The production function of a representative non-polluting
enterprise is

Yoy = AguLS KG " (20)
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where Y, is the output of non-polluting enterprise and L, K, are
respectively labor employment level and capital in period t. The
labor and capital output elasticity are denoted by « and 1-a,
respectively. A,; is the exogenous technology level of the non-
polluting enterprise in period ¢, and obeys the logarithmic first-order
autoregressive process.

logAsy = palogAsiy + €a,p8a,,~ iid. (21)
where p, is the coefficient of technology level .

At the end of period t-1, the decision of the non-polluting
enterprise can be expressed as:

2
I
Ky = (1= 8)Kys +Iz,f[1 - 1‘( o —1> ] (22)
2 IZ,t—l

Doy
Iy

investment adjustment cost of non-polluting enterprise .

—1)? are respectively the new investment and

where I,; and %‘ (

Eq. 23 can be used to describe the non-polluting enterprise’s
profit-maximization behaviors:

max {LZ,t»KZ,l}Etl_[ =P Y, — [WiLyy + 12, Kyy] (23)

where r;; is the loan interest rate of the non-polluting enterprise.

The first-order condition for maximizing non-polluting
enterprise’s profits are

aYsy,
—Z =W 24
L, t 249
1-a)Y
Qoo (25)
Ly

We assume that the default rate of non-polluting enterprise is

Tyt — T4
Cop = Cz,t—1<1 - M) (26)

T2,t-1

The default size for the non-polluting enterprise is

NPLy; = ¢;,Ky; (27)

In a market economy, there is incomplete and untimely
adjustment of market prices, which causes sticky prices. When
the products of both types of firms enter the final consumer
market, the total social output can be represented by a constant
elasticity of substitution production function, which is as
follows:

Ye=[pYif + (1= )yt (28)
where y denotes the weight on polluting enterprises’ output in the
total output, and y denotes the elasticity of substitution between
output of polluting and non-polluting enterprises.

Similarly, the total marginal cost of the two firms is:

MC, = [y, MCL" + (1 -, )MCy /| P (29)
So, for each firm j, its maximized return can be expressed as:

max E )7 [By (P Y jess = MCjrsY )] (30)
it

From Eq. 30, its first-order condition can be obtained as:
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P\
Y= Yt<P_> (31)

Jt

From Eqs 30, 31, this paper obtains

e8] i « PHi “ pt+i !
mﬁ‘x Etzjzo{ﬁej[Pj,th,Hi(P_j,t) _Yj,t+i P_ Mcj,t+i]} (32)

gt Jt

The first-order derivative of Eq. 32 is

~ [ U 0 i
Py <E>Etz 0B MCie) (33)
Thus, the final market price can be expressed as follows:

P = [P+ (1 - )P ] T (34)

3.1.3 Banking sector

We adopt the form of Gerali et al. (2010) to set the banking
sector. Assuming that commercial banks are in a perfectly
competitive market and their business consists of deposits and
loans, the accounting equilibrium equation for commercial banks
can be written as:

Ki;+Ky; =8+ B+ N; (35)

where K ; + K, is the banking sector’s total loans (i.e., the banking
sector’s total assets), S; + B, denotes the banking sector’s total
deposits taken (i.e., the banking sector’s total liabilities), and N;
represents the banking sector’s own capital (i.e., the owner’s equity
in banks). Referring to Dunz et al. (2021), this paper assumes that a
banking sector’s own capital consists of the sum of accumulated
capital in the previous period and operating profit in the current
period, which can be expressed as:

Ny=(1-nNyy+]; (36)

where  is the resources used up in managing bank capital and J; is
the operating profit of the banking sector in period t. The profits are
influenced by market business returns on the one hand, and by
policy regulation, which imposes fines on banks, on the other.
Consequently, the precise expression of J; is as follows:

—
Ji =r1:Kys + 124Ky — 118 — RiB; — g(CARr -CAR) N, (37)

N,

CAR = kKo + kot Koy G8)
where 71K, and r,;K,; are the interest income from loans to
polluting and non-polluting by the banking sector in period f,
respectively, and r.S; and R¢B; are the expenses of the banking
sector in paying interest on deposits and interest on bonds in period
t.Z(CAR, - mzN ; represents the penalty given when the CAR
of the banking sector deviates from the minimum CAR required by
the regulator, and p is the penalty intensity induced by deviations
from capital adequacy targets in the banking sector. k;, and k, are
risk weights of loans to polluting and non-polluting enterprise.

When the GSF is introduced, k,; can be expressed as:

logk,; = (1 - pkz)logk_u + plogkas + exypery,~ iid. (39)
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where p; is the AR(1) coefficient for the risk weight of non-polluting
enterprise .

Referring to Dunz et al. (2021), the expression for the interest
rate on corporate loans in the banking sector is as follows:

NPL,,

Lt

NPL,,

2t

rite=rota + bl (kZ,t - kl) (40)

ry =rot+a +by (ky — Ky) (41)
where 1 is the base interest, NPL; ;, NPL,, are the default amounts
of polluting and NPEs, respectively, a is the sectoral interest rate
adjustment rate, by, b, are the GSF interest rate adjustment rate of
PEs and NPEs, respectively.

The banking sector’s own capital optimization problem can be
expressed as:

max Etl—[ =(1=-n)Ny .y +r Ky + 12Ky = 1S, — ReBy

-2(car -cary'N, 42)

The first-order condition of Eq. 42 can be obtained by
constructing the Lagrangian function as:

A(l-n)- g(CARt - CAR)2 — pCAR,(CAR, ~CAR)=0 (43)
r,=Q (44)

R =@ (45)

1 =Q (46)

1y = Q (47)

where Q; is the Lagrangian multiplier.

3.1.4 Government

Suppose the government only engages in taxation and
expenditure, and that there are neither fiscal deficits nor
surpluses. Government’s budget constraint in time t can be
formulated as follows:

G; = 7,CE; (48)

where G is the government expenditure in period t and 7,,CE; is
the tax collected from the polluting enterprise emitting CO, as their
revenue.

The government applies a price-based monetary policy using
Taylor’s rule, namely,

6]

where 0, is the savings rate smoothing coefficient, ¢_. and ¢y, are

-0,

« EpprEp~ 1. (49)

the inflation rate response coefficient and the output rate response
coefficient, respectively. 7,Y and 7 are the equilibrium levels of
inflation, output, and saving rate.

3.1.5 Market clearing

The conditions of market-clearing of both labor market and
capital market are listed in Eqs 50, 51, for which the supply meets the
demand.

Li=Ly+ Ly
I =1, +1
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According to Walrasian general equilibrium theory, the market-
clearing condition is

Y. =C+L+G (52)

3.2 Parameter calibration and estimation

In order to solve the model, static parameters values need to be
assigned. This study calibrates these values by referring to previous
literature and real economic data. The values of these parameters are
presented in Table 1. The robustness of the model was assessed by
systematically varying each parameter within a tolerable range.
There were no significant alterations in the outcomes. This
demonstrates the resilience and reliability of the model. In
addition, the estimation of dynamic parameters is realized by
Bayesian estimation using GDP of China from 2000 to 2020 as
the real variables (Table 2), refering to Amiri et al. (2021), Cao et al.
(2021), and Liu and He (2021). And we set the autoregressive
coefficients of the exogenous shock variables to a normal
distribution and the random disturbance terms to an Inv-Gamma
distribution, referring to Smets and Wouters (2007). The GDP data
are obtained from the National Bureau of Statistics of China.

4 Empirical results and discussion

The improved DSGE model can be used for policy simulation and
scenario analysis with the parameters. The model is first maintained at
the steady-state level in the following sections, after which an exogenous
policy shock is administered to the model and the impulse response
curves of each variable to the policy shock are obtained. We assume
three policy shock strengths of 1%, 5%, and 10%, respectively. In
Section 4.1 and Section 4.2, we simulate the impact of the carbon tax
and the green supporting factor shocks, and in Section 4.3, we compare
and explain the simulation results. The economic system’s impulse
reaction curves to the carbon tax shock are shown in Figures 4, 5, while
the financial stability’s impulse response curves to the green supporting
factor shock are shown in Figures 6, 7, respectively. The horizontal axis
indicates the lag period of the shock (100-quarter) and the vertical axis
indicates the deviation of the variable from the steady-state value. The
solid line indicates a 1% shock, the dashed line indicates a 5% shock,
and the dotted line indicates a 10% shock.

4.1 The impulse-response functions to
carbon tax

4.1.1 Impulse response analysis of the economic
system to the carbon tax
(1) Impulse response analysis of corporate profits to the carbon tax

The impulse responses of the economic system to carbon tax shocks
are shown in Figure 4. Following a positive carbon tax shock, PEs will
see a decline in profit, while NPEs will see an increase. The possible
explanation is that when the carbon tax rate rises for PEs, the marginal
cost of PEs rises in the short run. And market prices remain essentially
unchanged in the short run, so the profits of PEs fall and the profits of

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1295951

Meng et al. 10.3389/fenvs.2023.1295951

TABLE 1 Steady-state parameters calibration.

Parameter Description Value Source
B Discount factor 0.99 Economides and Xepapadeas (2018)
[ The inverse of the labor supply 0.6 Selected from a reasonable range of values in the literature (Hong et al.,

2018; Zhang et al., 2023)

9 The inverse of the elasticity of substitution of real money holdings 0.2 Cai et al. (2019)
[ Intertemporal elasticity of household consumption 0.85 Chu and Xu (2014)
o, The habit parameter of household 0.6 Selected from a reasonable range of values in the literature (Zhang et al.,

2023; Wang et al., 2024)

a Labor output elasticity 0.45 Selected from a reasonable range of values in the literature (Zhang et al,,
2009; Yan and Kang, 2020)

s Capital depreciation rate 0.025 Zhang and Zhang (2020)

X Extent of change in investment adjustment costs 8 Sun (2020)

1 Carbon emission intensity based on output 0.15 Wang and Chen (2021)

y The weight on polluting enterprises’ output in the total output 0.4 Selected from a reasonable range of values in the literature (Wang and

Chen, 2021; Carattini et al., 2023)

u Elasticity of substitution between output of polluting and non- 0.2 Authors” estimation
polluting enterprises

ki Risk weights of loans to polluting enterprise 100% According to China’s real economy

n The resources used up in managing bank capital 15% Selected from a reasonable range of values in the literature (Gerali et al,
2010; Liu and Li, 2022)

P Penalty intensity induced by deviations from capital adequacy 11.5 Gerali et al. (2010)
targets in the banking sector

7o Base interest 4.35% According to China’s real economy
a Sectoral interest rate adjustment rate 10% Dunz et al. (2021)
by GSF interest rate adjustment rate of polluting enterprise 0% Dunz et al. (2021)
b, GSF interest rate adjustment rate of non-polluting enterprise 5% Dunz et al. (2021)
CAR Minimum capital adequacy ratio 0.08 Basel Accord

Note: Pelli (2012) set u to be 0.513. However, considering the low substitutability between the outputs of polluting and non-polluting enterprises in China, this paper sets y to be 0.2.

TABLE 2 Bayesian estimation results.

Parameter Distribution type Prior mean Posterior mean 90%cCl
Pa Normal 0.9 0.9896 [0.8832,0.9963]
Py Normal 0.9 0.9192 [0.8708,0.9886]
Prr Normal 0.9 0.8987 [0.8236,0.9638]
Pr, Normal 0.9 0.8996 [0.8368,0.9968]
e, Inv-gamma 0.06 0.0726 [0.0578,0.0777]
e, Inv-gamma 0.01 0.0074 [0.0049,0.0087]
ey, Inv-gamma 0.01 0.0181 [0.0112,0.0279]
£ET, Inv-gamma 0.01 0.011 [0.0078,0.0132]
&y Inv-gamma 0.01 0.0084 [0.0054,0.0143]
€, Inv-gamma 0.01 0.007 [0.0051,0.0092]
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FIGURE 4

Impulse response of a carbon tax to the economic system. (A) PE profit, (B) NPE profit, (C) PE output, (D) NPE output, (E) Total output, (F) PE labor
demand, (G) NPE labor demand, (H) Total labor demand, (I) Total household consumption.

NPE:s rise. However, both types of businesses will reach the steady-state
value in the long run. As the impact of carbon tax policy becomes more
pronounced, corporate profit is likely to become increasingly unstable.
The deviation may be attributed to the impact of tax disturbance on
market equilibrium. Furthermore, a 1% carbon tax shock will result in a
maximum 0.12% deviation from the steady-state value for PEs, while
the figure of NPEs is 0.19%.

(2) Impulse response analysis on corporate output to the carbon tax

As shown in Figure 4, with implementation of a carbon tax policy,
PEs are expected to experience an initial adverse impact on their
output, which is anticipated to diminish over successive simulation
periods. In the long term, the output of these enterprises is expected to
remain below the initial equilibrium level. In the short term, the
production of NPEs is expected to increase initially and subsequently
decrease, while remaining above the initial equilibrium level for an
extended period. The maximum negative deviation of the output of
PEs varies across different levels of policy impact. As the carbon tax
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policy’s impact intensifies, PEs’ output level will experience a peak
negative deviation ranging from 5.1% to 11.2%, and a long-term
negative deviation ranging from 2.1% to 2.8%. The findings suggest
that NPEs exhibit a peak positive deviation ranging from 0.8% to 2.6%
under varying intensity shock levels during the 10th phase. In the long
run, a new equilibrium is established, characterized by a positive
deviation range of 0.2%-0.4%.

Next, we consider the distinct consequences of a carbon tax
shock to the total output of society. On the one hand, lower profits
for PEs lead them to lower output, with a negative impact on total
output. On the other hand, rising profits of NPEs lead to an increase
in output, with a positive impact on total output. Overall, the carbon
tax has a far greater negative impact on the production of PEs than it
does on NPEs. The trend of total social output is essentially the same
as that of PEs, as can also be observed in Figure 4. In particular, after
a carbon tax shock, the overall social output will fall, and will
ultimately be less than the steady-state value.

(3) Impulse response analysis of labor demand to the carbon tax
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FIGURE 5

Impulse response of a carbon tax to the economic system. (A) PE lending rate, (B) NPE lending rate, (C) PE loan size, (D) NPE loan size, (E) Total loan
size, (F) Non-performing loan ratio, (G) Capital adequacy ratio.
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FIGURE 6

Impulse response of a carbon tax to the economic system. (A) PE profit, (B) NPE profit, (C) PE output, (D) NPE output, (E) Total output, (F) PE labor
demand, (G) NPE labor demand, (H) Total labor demand, (I) Wage, (J) Total household consumption

As shown in Figure 4, in the short run, carbon tax policy reduces
PEs’ labor demand while increasing NPEs’. In the long term, the
carbon tax policy will have a diminishing effect on the labor demand
of the two types of businesses. When the carbon tax policy impact
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increases from 1% to 10%, PEs experience an immediate negative
response in labor demand ranging from 2.1% to 8%. However, this
effect gradually diminishes over time and eventually stabilizes
slightly below the initial level. In contrast, NPEs experience an
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size, (F) Non-performing loan ratio, (G) Capital adequacy ratio.

immediate reduction ranging from 1.5% to 5.5% as the intensity of
the carbon tax policy impact increases, within the first 20 simulation
periods. Following the 20th period, the upward shift in labor
demand for NPEs will escalate in proportion to the degree of
policy impact intensity. However, it will ultimately surpass the
initial equilibrium level only by a marginal amount. In terms of
response peak and ultimate equilibrium deviation, the labor demand
of PEs is more significantly affected by the implementation of a
carbon tax policy compared to NPEs.

Further considering the impact of the carbon tax shock on the
total labor demand. Figure 4 shows that the carbon tax policy
initially decreases the labor demand of both PEs and NPEs,
resulting in a 3.6%-13.5% decrease in total social labor demand.
In the long term, the total social labor demand returns to the steady-
state value. After a carbon tax shock, the PEs scale down their
production to reduce carbon emissions, and their labor demand
drops. In contrast, expansion of output by NPEs increases the
demand for labor factors. However, when the policy was first put
into effect, NPEs experienced a short-term negative reaction to labor
demand. This is mainly because the implementation of a carbon tax
policy leads to increased profits for NPEs (Figure 4), which in turn
increases their solvency, and banks tend to lower the interest rates on
loans provided to these enterprises, thereby reducing the cost of
capital. Consequently, NPEs experience an increased demand for
capital factors and a decreased demand for labor factors. However,
with the long-term adjustment of capital factor and labor factor
price, the final steady-state value of labor demand will revert to its
initial value.

(4) Impulse response analysis of household sector consumption to
the carbon tax
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As shown in Figure 4, when the intensity of carbon tax policy
increases from 1% to 10%, household consumption will have an
instantaneous negative response of 0.25%-1% and attain a maximum
negative deviation of 0.5%-2.3% in the ninth phase, which is less than
the initial steady-state value in the long run. In addition, the household
sector’s consumption level will decline in the short run, but the declining
state will not last for a long time. The specific reason is that after the
implementation of the carbon tax policy, the market demand for labor
factors will gradually recover (Figure 4), and the wage level will gradually
rise, which in turn will lead to a subsequent recovery of the household
consumption level. In the long term, however, the consumption level of
the household sector after the impact of the carbon tax policy is still
lower than the initial constant value. This is due to the crowding-out
effect of the tax policy, which reduces the family’s standard of living.

4.1.2 Impulse response analysis of the financial

stability to the carbon tax

(1) Impulse response analysis of bank sector lending rates to the
carbon tax

Figure 5 demonstrates the impulse responses of the financial
system to the carbon tax shock. For NPEs, the impact of carbon tax
policy on their loan interest rate is negative. Under the impact
intensity of 1%-10%, the loan interest rate will deviate negatively by
0.18%-0.67%. The effect of the carbon tax policy on the loan interest
rate of PEs is positive, and significantly greater than that of NPEs.
Under the same level of carbon tax, the absolute deviation range of
loan interest rates for PEs is approximately three times that of NPEs.
The influence of carbon tax policy on the loan interest rate of two
types of businesses decreases progressively as the simulation period
lengthens. Long-term, however, as a result of the carbon tax policy,
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the loan interest rate for PEs will be higher than the original steady-
state value, while that for NPEs will be lower. In general, the impact
of carbon tax policy on the loan interest rate of PEs is greater than
that of NPEs.

The implementation of a carbon tax policy results in a reduction
in profits for PEs, increases the default risk, and causes a
corresponding rise in loan interest rates from the banking sector
to such enterprises. The increase in profitability of NPEs is expected
to coincide with a reduction in the default risk of such enterprises.
This trend is likely to prompt a decrease in the interest rate extended
to NPEs by the banking sector. Generally speaking, a carbon tax
policy results in a greater increase in the interest rates extended to
PEs compared to the decrease in interest rates to NPEs.
Consequently, it results in an elevation of the interest rate
associated with bank loans, thereby promoting financial stability.

(2) Impulse response analysis of loan size of bank sector to the
carbon tax

As shown in Figure 5, following a carbon tax shock, the deviation of
loan size is negative for PEs. It decays as the number of simulation
periods increases, and their output will be lower than the steady-state
value in the long term. The loan size of NPEs will respond positively to
the impact of carbon tax policy and will deviate positively from the
original steady-state value in the long term. At the time of policy
implementation, PEs will have a negative deviation peak between 5.5%
and 14.9%, while NPEs will have a positive deviation peak between 2.6%
and 6.9%. This demonstrates the asymmetric effect of the carbon tax on
loan size for both types of enterprises, with a greater impact on PEs.

PEs’ default rate may rise as a result of their declining
profitability once the carbon tax policy is in effect. As a result,
the banking industry might increase its interest rate on these
businesses in response, causing PEs to reduce their borrowing.
Meanwhile, the rise in profits observed among the NPEs will lead
to a corresponding decline in their default rate. The banking sector
will reduce the lending rate applicable to these enterprises. This, in
turn, encourages NPEs to increase their borrowing. Overall, the
implementation of a CT generally leads to a reduction in the lending
size of banks, so contributing to an increase in financial stability.

(3) Impulse response analysis of the non-performing loan (NPL)
ratio of the banking sector to the carbon tax

As shown in Figure 5, in the short term, the NPL ratio of the
banking sector is positively affected by a carbon tax policy, but in the
long term, it is insignificant. The larger the impact of the carbon tax
policy, the greater the fluctuations in the nonperforming loan ratio.
As the impact of policy intensity increases, the profit deviation
amplitude of the enterprise sector will fluctuate more, and the
corporate default rate will be affected by its own profit variations,
causing the bank’s NPL ratio to fluctuate more as well. In addition,
when the impact of carbon tax policy increases from 1% to 5%, the
NPL ratio of banks will immediately generate a positive deviation of
0.1%-0.18%, but the positive response gradually declines and
returns to the initial equilibrium after the 20th period. However,
when the impact of carbon tax policy is 10%, the NPL ratio of banks
will generate a positive deviation of 0.34%, and a negative deviation
within the range of 0%-0.1% will persist after the 20th period.
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After the implementation of a carbon tax policy, it will initially
have a direct impact on the profits and default risk of polluter
enterprises, and an increase in the NPL ratio of banks. However, as
time passes, the influence of carbon tax policy on the NPL ratio will
quickly revert to its initial equilibrium value by adjusting the ratio of
loans to NPEs to loans to PEs, as well as by enterprises adjusting
their own business conditions. In general, a carbon tax policy would
have negative short-term effects on financial stability, but these
effects would diminish over time.

(4) Impulse response analysis of the banking sector’s capital
adequacy ratio (CAR) to the carbon tax

As shown in Figure 5, following the carbon tax shock, the
deviation of CAR is positive, and stays at a higher level than the
steady-state value in the long term. The level of CAR in the banking
sector will climax in the 10th phase, with positive deviations ranging
from 1.5% to 3%. A new equilibrium is attained over time, with a
positive deviation ranging from 0.2% to 0.7%. However, the degree
of deviation from the CAR increases with increasing policy intensity
shocks until the 39th quarter and decreases with increasing policy
shocks after the 39th quarter.

The CAR is influenced by a bank’s capital and loan size.
Consequently, after the implementation of a carbon tax policy,
the decrease in bank loan size will result in an increase in CAR.
However, the decrease in loan size will also be accompanied by a
decrease in bank profits, which in turn causes a decrease in the
bank’s own capital. Prior to the 10th period, the rate of decline of the
bank’s own capital is slower than that of the bank’s loan scale,
causing the CAR to increase. After attaining the peak of positive
deviation in the 10th phase, the CAR shows a gradual decline, but
remained above the initial steady-state value. In general, the policy
regarding the carbon tax will increase banks’ CAR, thereby
enhancing financial stability.

4.2 The impulse-response functions to a
green supporting factor

4.2.1 Impulse response analysis of the economic

system to the green supporting factor

(1) Impulse response analysis of corporate sector profit to the green
supporting factor

As shown in Figure 6, following a green supporting factor shock,
the deviation of profit is negative for PEs and positive for NPEs in
the short term, but profits of both types of enterprises will reach the
steady-state value in the long term. Specifically, PEs generate
negative deviation peaks ranging from 0.03% to 0.19%, whereas
NPEs maintain deviations ranging from 0.04% to 0.19%. Under the
same impact intensity of the green supporting factor policy, both
types deviate from the peak value at the same time and remain at
approximately the 10th stage under various impact intensities.
Figure 6 also demonstrates that the profit change of PEs initially
decreases, then increases, and eventually returns to its initial
equilibrium level, while for NPEs, some of the effects will be
delayed, but in the long term, the profits of NPEs will return to
their initial steady-state value.
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The green supporting factor will directly affect the loan interest
rate of NPEs, which will lead to the decrease of capital factor price
and the marginal cost of enterprises. Therefore, the profit of NPEs
rises. In contrast, PEs are unable to adjust in time in the short term,
resulting in their marginal costs being higher than the market price,
which makes profits fall. However, in the long term, enterprises can
adjust their factor input levels, and both types of enterprises” profit
deviations gradually return to their original steady-state values.

(2) Impulse response analysis of enterprise sector output to the
green supporting factor

As shown in Figure 6, upon implementation of a green
supporting factor policy, PEs’ output will experience a short-term
decline followed by a subsequent rise, ultimately returning to their
original steady-state value in the long term. The output of NPEs will
experience an initial increase followed by a subsequent decrease,
ultimately settling at a long-term equilibrium point higher than the
initial steady-state value. As the green supporting factor policy
impact rises from 1% to 10%, there is a negative deviation peak
of the output of PEs, ranging from 0.05% to 0.16%. The reaction of
NPEs is adverse, ranging from 0.16% to 0.47%. Overall, the impact of
green supporting factor policy on the output of PEs is comparatively
weaker than that on NPEs.

Further consider the impact of the green supporting factor shock
on the total output of society. It is evident from Figure 6 that the
impact can be segmented into two distinct phases. During the initial
phase, the influence of the green supporting factor policy is more
significant on NPEs. Consequently, the short-term response of the
overall social output is generally in line with that of NPEs. In the
long term, PEs” output reverts to the steady state, whereas NPEs’
output surpasses the initial steady state. Consequently, the overall
output of society slightly exceeds the initial equilibrium level.

(3) Impulse response analysis of enterprise sector labor demand to
the green supporting factor

As shown in Figure 6, following a green supporting factor shock,
there will be an initial increase in labor demand for PEs, followed by
a subsequent decline in the short term. The peak of this trend is
projected to occur during the 10th period. NPEs are expected to
experience an immediate reduction in labor demand as a result of
the implementation of a green supporting factor policy. However,
over time, the labor demand is anticipated to gradually return to its
original equilibrium level. As the magnitude of the green supporting
factor policy intensifies from 1% to 10%, there is an increase in the
favorable deviation of the labor demand of polluters from 0.07% to
0.3%. However, in the long term, the demand is expected to revert to
its original stable level. The kurtosis of labor demand in NPEs has
experienced an increase in negative deviation, rising from 0.08% to
0.35%. The observed shock response can be attributed to the impact
of the green supporting factor policy on the capital price, which
subsequently influences the demand for capital factors of the two
types of enterprises.

Further consider the effect of a green supporting factor shock on
total labor demand. It can be seen from Figure 6, the initial decline in
labor demand for NPEs is greater than the rise for PEs. In the long
term, the total social labor demand returns to its steady-state value.
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(4) Impulse response analysis of household sector consumption to
the green supporting factor

As shown in Figure 6, following the green supporting factor
shock, the wage tends to fall and then rise in the short term, and
returns to the steady-state value in the long term. When the green
supporting factor policy impact increases from 1% to 10%, the wage
level of the household sector will initially experience an
instantaneous negative deviation of 0.01%-0.04%, reach a
maximum negative deviation of 0.02%-0.07% in the fourth period.

Furthermore, the adoption of the green supporting factor policy
will result in a short-term reduction in social labor demand. As the
labor supply cannot be promptly adjusted, there will be a decrease in
the price of labor factors and a subsequent reduction in family
income, ultimately resulting in a decline in household consumption.
Therefore, the household sector’s consumption level is generally
consistent with the trend of wage levels, albeit exhibiting a slower
decline compared to household wages.

4.2.2 Impulse response analysis of financial stability

on green supporting factor

(1) Impulse response analysis of bank sector loan interest rates to
the green supporting factor

As shown in Figure 7, following the green supporting factor
shock, the loan interest rate of polluting businesses will rise initially,
then reduce, and remain slightly above the steady level in the long
run, while for NPEs. The deviation of bank sector loan interest rates
is negative, and in the long term, interest rates will be lower than the
steady-state value. The green supporting factor policy shock on
NPEs is more severe than that on PEs.

From Eqs 40, 41, it is known that the interest rate of corporate
loans is affected by the risk weight of enterprises and the default rate.
Analyzing the above impulse response results, it can be seen that on
the one hand, when the green supporting factor policy is
implemented, the risk weight of NPEs decreases. On the other
hand, from Figure 6, it is known that the profit of NPEs first
rises and then falls, then the default first falls and then rises.
Therefore, the implementation of green supporting factor policy
will make the lending rate of NPEs fall first and then rise. On the
contrary, for PEs, the profit of enterprises decreases and then
increases, and defaults first rise and then fall, which leads to the
increase and then decrease of loan interest rate. Typically, the
implementation of a green supporting factor policy results in a
greater reduction of loan interest rates for NPEs compared to the
increase in interest rates for PEs. Hence, the implementation of a
green supporting factor policy results in a reduction in the aggregate
lending rate, which may not be favorable for maintaining financial
stability.

(2) Impulse response analysis of bank sector loan size on the green
supporting factor

As shown in Figure 7, green supporting factor policy has a
negative effect on the loan scale of PEs, with a short-term trend of
decreasing, followed by an increase, and a long-term return to the
steady-state value. The loan scale of NPEs exhibits a positive
response, with a short-term trend of first increasing and then
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decreasing, and a long-term trend of exceeding the initial stable
level. When the impact intensity of the green supporting factor
policy ranges from 1% to 10%, PEs produce a negative deviation
peak in the range of 0.2%-0.6%, whereas NPEs produce a positive
deviation peak in the range of 0.6%-1.8%. This indicates that the
loan size effect of the two types of enterprises is asymmetrical, and
that the green supporting factor policy has a greater impact
on NPEs.

As shown in Figure 7, the implementation of a green supporting
factor policy reduces the risk weight of NPEs, allowing banks with
the same quantity of capital to extend more loans to these businesses.
Long-term, green supporting factor policy will increase banks’ loan
scale, thereby weakening the financial system’s stability.

(3) Impulse response analysis of bank sector non-performing loan
(NPL) ratio to the green supporting factor.

As shown in Figure 7, following the introduction of the policy,
the NPL ratio will immediately exhibit a positive effect, but in the
short term, the overall trajectory will decline and then rise.
Specifically, the fluctuation range of the NPL ratio increases
proportionally as green supporting factor policy intensifies. The
negative deviation degree of NPL ratio increased in the first
20 periods as green supporting factor policy intensity increased.
However, after the 20th period, the increase in shock intensity led to
a rise in the positive deviation degree of the NPL ratio. In the long
run, the NPL ratio of banks will return to the original stable level.

As shown in Figure 7, the loan scale of NPEs increases and the
default the short the
implementation of a policy. Loans to polluting businesses have
decreased, and default rates have increased. The proportion of

rate decreases in term  following

total bank loans comprised of loans to PEs is small. As a
consequence, the NPL ratio in the banking sector tends to
decrease first. In the long term, however, the NPL ratio will
revert to a stable level. In general, the green supporting factor
policy will cause the NPLs of banks to decrease, then rise, and
then revert to a stable level, thereby affecting the financial stability.

(4) Impulse response analysis of the banking sector’s capital
adequacy ratio (CAR) on the green supporting factor

As shown in Figure 7, the CAR has an instantaneous weak
positive effect on the green supporting factor policy, but the overall
trend is to fall and then rise, and in the long term, CAR will be lower
than the steady-state value. In particular, as the impact of policy
intensity increases from 1% to 10%, the CAR of the banking sector
will form a negative deviation peak between 0.12% and 0.7% in the
17th period, with the negative deviation remaining between 0% and
0.13% in the long term.

After the implementation of a green supporting factor policy,
the risk weight of NPEs will diminish, and the CAR will rise,
assuming their own capital and loan scale remain unchanged.
Nonetheless, the bank will enhance the loan amount, and the
CAR will decrease significantly. After the 15th period, the bank’s
loan scale decreased, which in turn leads to a rebound in CAR,
but overall it is still below the steady-state value. In general, the
green supporting factor policy will lower the CAR of banks,
thereby decreasing financial stability.
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4.3 Discussion

The findings of the impulse response analysis suggest that there
is a common trade-off between promoting economic growth and
protecting the environment, as observed in the context of policies
aimed at climate change mitigation. Table 3 summarizes the six
indicators’ changes in the enterprises, households, and banking
sector in response to a CT or GSF shock.

(1) Impulse response analysis on the economic system

The two climate change policies have opposing effects on the
economic system. The CT policy reduces total social production,
while the GSF policy increases it. It can be concluded that the CT
policy’s positive effect on NPEs is not enough to offset its negative effect
on PEs. The implementation of an elevated CT is expected to result in
an escalation of production costs for PEs, thereby leading to a
subsequent enhancement in the prices of final goods produced by
such firms. This phenomenon exacerbates the reduction in household
consumption, which is likely to result in a corresponding decrease in
output. These results are in line with previous research by Liu et al,
Fischer and Springborn (2011), Meng et al. (2013), Battiston et al.
(2017), Zhang and Zhang (2020), Xu and Wei (2022). Nevertheless,
inconsistencies exist in the results presented by Economides and
Kepapadeas (2018). It was agreed that the introduction of the CT
policy would lead to a decrease in energy demand, resulting in a
reduction in the use of fossil fuels. The initial reduction in fossil fuel
usage hurts output, but in the long term, it has a positive effect on the
economy’s productivity, resulting in higher output levels. The long-term
effects of the GSF policy on PEs are found to be insignificant, while its
positive impact on NPEs results in an overall increase in social output.
The finding contradicts the conclusion reached by Dunz et al. (2021).

Both the CT and GSF have a short-term impact of reducing
labor demand, but in the long run, they restore it to its original
steady-state level. Nonetheless, the lasting impacts of these factors
on household consumption exhibit dissimilarities. It is anticipated
that the adoption of GSF policy will yield a decline in the aggregate
need for the social labor force, thereby causing a subsequent
reduction in the wage level of the household sector. This has a
temporary impact on the level of consumption, but its effects are not
expected to be long-lasting. The implementation of a CT policy may
potentially cause a decrease in the welfare of the household sector as
aresult of the crowding-out effect, leading to a subsequent reduction
in consumption levels.

(2) Impulse response analysis on the financial stability

The two climate change policies have opposing effects on
lending rates in the financial sector. The implementation of a
GSF policy reduces the interest rate for NPEs while increasing
the interest rate for PEs. The overall effect on NPEs is bigger
than that of the PEs. Therefore, a GSF policy results in a decline
in the overall lending rate, which is detrimental to financial stability.
On the contrary, a CT policy is expected to result in a rise in loan
interest rates, thereby promoting financial stability.

In terms of the scale of bank loans, a GSF policy reduces the risk
weight of NPEs, and causes an expansion of loan volume, which may
have adverse effects on financial stability. Conversely, a CT policy is
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TABLE 3 The results of the long- and short-term effects of exogenous shocks on economic and financial system.

Indicators

Total enterprise output

Corporate labor demand

Household consumption

The loan size of banking sector

The non-performing loan rate of banking sector

The capital adequacy rate of banking sector

Time ) GSF
Short-term ! T
Long-term | n
Short-term l 1
Long-term ~ ~
Short-term l l
Long-term U ~
Short-term l T
Long-term [ i
Short-term T 17
Long-term ~ ~
Short-term T l
Long-term f Il

Note: | indicates decline, T indicates rise. | T stands for down and then up. || indicates below the initial steady. f indicates above the initial steady. ~ indicates return to the initial steady state.

expected to reduce the loan scale, thereby promoting financial
stability.

The differential effects of the two climate adaptation policies on
the NPL ratio of the banking sector are observed in the short term,
their long-term  impact The
implementation of a GSF policy is expected to result in a

while remains  consistent.
temporary decrease followed by an increase in NPL within the
banking sector. However, in the long run, the policy is anticipated to
stabilize the level of NPL. The implementation of a CT policy is
expected to result in a temporary rise in the NPL ratio of the banking
industry, with a subsequent return to a steady state in the future,
which is consistent with the findings of Bouchet and Le Guenedal
(2020), Li et al. (2022). The aforementioned suggests that both
policies will yield unfavorable outcomes on financial stability in the
near future, as observed through the NPL ratio. However, the impact
of these policies is not deemed substantial in the long run.

The impact of the two climate change policies on the CAR of the
banking sector is diametrically opposed. The implementation of a
GSEF policy has been observed to have a negative impact on the CAR
of the banking sector, thereby posing a threat to financial stability,
which is similar to the findings of Thomi and Gibhardt (2019) and
Dunz et al. (2021). The implementation of a CT policy is expected to
result in a rise in the CAR, thereby promoting financial stability.
This result is supported by Xing et al. (2024), who argued that brown
through  the
implementation of a CT policy, which in turn contributes to
financial stability.

capital accumulation can be discouraged

5 Conclusion and policy implications
5.1 Conclusion

This study develops an improved dynamic stochastic
general equilibrium (DSGE) model to analyze how climate

Frontiers in Environmental Science

change policies like carbon tax (CT) and green supporting
factor (GSF) impact China’s real economy and financial
stability. The model incorporates households, enterprises
(polluting and non-polluting), government, and banking
sector. It examines the transmission channels of the policies
through credit market and risk spillovers between real economy
and banking sector.
The key findings are:

« Higher intensity of both CT and GSF policies leads to greater
fluctuations in financial stability indicators like interest rates,
loan size, non-performing loans, and capital adequacy ratio.

o In the long run, carbon tax improves financial stability by
increasing interest rates and capital adequacy ratio of banks,
while reducing loan size. Green supporting factor reduces
financial stability by lowering interest rates and capital
adequacy ratio, and expanding loan size.

« In the short run, both carbon tax and green supporting factor
have negative impact on financial stability, but the effects
diminish over time.

o CT and GSF reduce corporate profits, output, and loans for
polluting enterprises but increase them for non-polluting
enterprises. This incentivizes the growth of non-polluting
enterprises while limiting polluting enterprises.

o Implementing CT and GSF together can balance their
opposing effects on economic output and financial stability.
Starting with lower intensity policies reduces transition risks.

The paper makes valuable contributions by bringing together
climate policies, adaptation, and financial stability; using an
improved DSGE model incorporating the banking sector; and
analyzing heterogeneous impacts on polluting versus non-
polluting enterprises. The findings offer important implications
for designing rational climate policies and facilitating green
transition while maintaining financial stability.
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5.2 Policy implications

The findings have significant implications for the design of
climate policies and the facilitation of green transition, while also
ensuring financial stability. The implementation of these policies
should be carried out by financial institutions, specifically banks, and
should align with the pollution levels of individual firms.

o Gradually phase in carbon taxes, starting with a low tax rate on
the most emissions-intensive sectors. Slowly increase the rate
and expand taxable sectors annually to ease the disturbance of
climate change policies on output and finance stability.

» Implement GSF by initially reducing risk weights for NPEs’
loans. Expand eligible sectors and incrementally decrease risk
weights to a small scale annually. Use GSF to support
emissions-reducing technology adoption and process
improvements in polluting firms. Help PEs with their green
transition to lower carbon approaches.

o Employ preferential interest rates and enhanced lending
facilities from policy banks and development finance
institutions to provide accessible financing for green
activities by NPEs.

o Create a green economic activity taxonomy to prevent misuse
of preferential policies. Increase climate disclosures and stress
testing.

o Coordinate fiscal, monetary, financial, and industrial policies
for coherent, reinforced effects on emissions mitigation and

climate risk management while supporting stability.

There are some limitations of the study. Firstly, it only examines the
examination of carbon tax and green supporting factor policies due to a
lack of data. Analysis might be done on additional policy options such
as the introduction of carbon trading programs. Furthermore, this study
employs a restricted number of economic agents and markets in its
modeling approach. The inclusion of other institutions, such as equity
and bond markets, has the potential to offer further valuable
perspectives. It is important to acknowledge that static parameters
derived from existing literature may not align perfectly with the specific
characteristics of China’s economy. Enhancing the empirical estimation
process has the potential to enhance the accuracy of the fit. Finally, our
study exclusively concentrates on the banking sector, other financial
institutions may be contemplated in subsequent research.
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