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Abstract: Driven by the “double carbon” goal, the sale of financial assets at reduced prices by firms
due to carbon emission constraints is bound to aggravate the uncertainty and volatility of carbon
trading among firms, and potentially create counterparty risk contagion. In view of this, this paper
considers the sensitivity of the transaction of corporate financial assets, the transaction price of car-
bon quotas, and corporate carbon performance; constructs a network model for the risk contagion
of carbon quota counterparties; theoretically discusses the risk formation and infection mechanism
of carbon quota counterparties; and calculates and simulates the evolutionary characteristics of the
risk contagion of carbon quota counterparties. The main research conclusions are as follows. (1) In
the interfirm debt network, the sensitivity to the price of selling the financial asset, the probability
of credit risk contagion of carbon quotas among firms, the cumulative proportion of assets sold, and
the proportion of rational investors in the financial market exert a decreasing phenomenon on the
risk of carbon quota counterparties. In addition, the corporate carbon performance shows a mar-
ginal increasing phenomenon. (2) When multiple factors intersect, the proportion of rational inves-
tors in the financial market has the greatest influence on the formation of the carbon quota counter-
party risk, whereas the effect of corporate carbon performance has the least. Corporate carbon risk
awareness has the greatest effect on the risk contagion of carbon quota counterparties, whereas the
trading price of the carbon quota has the least influence. In addition, the total score of the interfirm
assessment has a great impact on the trend and range of the risk contagion of carbon quota coun-
terparties. (3) Corporate carbon risk awareness and the carbon quota trading price have a margin-
ally decreasing effect on the risk contagion of carbon quota counterparties, and corporate carbon
performance and the total score of interfirm assessment have a marginally increasing effect. This
study has important theoretical and practical significance for preventing interfirm counterparty risk
contagion under the double carbon target.

Keywords: financial asset price reduction; counterparty risk; carbon quota trading; carbon
performance; complex network

1. Introduction

In recent years, with the development of the low-carbon economy, the carbon emis-
sion trading scheme, as the main measure to achieve emission reduction targets, has
achieved positive results in many countries [1]. Counterparty risk has become the main
risk faced by market participants and, with the proposal of the “dual carbon” goal, a new
counterparty risk contagion has been triggered, and the increasing complexity of carbon
trading risk contagion has attracted extensive attention from academic and practical cir-
cles [2—4]. Therefore, this paper studies the influence mechanism and evolution character-
istics of carbon trading risk contagion between firms.

At present, scholars have mainly studied the contagion of counterparty risk from the
perspective of traditional finance [5-12]. With the proposed goal of carbon peak and
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carbon neutrality, green finance has been considered the most important solution [13],
and new counterparty risks will be induced in the development of green finance. There-
fore, scholars began to study the problem of counterparty risk contagion from the per-
spective of green finance. At present, studies on green finance have mainly focused on
green credit. Ling [14] studied the effect of green credit policies on the investment deci-
sions of firms. They found that green credit policies tend to reduce the investment level
of polluting firms but improve their investment efficiency. Zhou [15] empirically analyzed
the relationship between bank green loans and credit risk and how China’s green finance
regulations contribute to the solvency of individual banks and the resilience of the finan-
cial system. They found that the correlation between the proportion of banks’ green loans
in their overall loan portfolio and their credit risk depends critically on the size and struc-
ture of state-owned holdings. However, there is less research on carbon trading, and the
only research focuses on the emission reduction benefits of carbon trading policies. Song
[16] used the difference-in-difference model to test whether the carbon trading systems
can improve energy efficiency through a quasi-natural experiment. However, ignoring
the impact of carbon counterparty risk contagion on firms, this paper studies the conta-
gion of carbon counterparty risk at the firm level from the perspective of green finance,
which is the first innovation point in this paper.

As the most important emission reduction strategy, carbon trading has always been
the focus of scholars’ research, and in recent years, research on carbon trading has mainly
focused on the emission reduction benefits of carbon trading and the factors of carbon
trading risks. Wang [17] conducted an empirical test based on the data of 30 provincial
samples in China from 2011 to 2020, using the dynamic spatial econometric model and
system GMM estimation method, and analyzed digital trade and carbon emissions; the
moderating effects of industrial agglomeration and carbon emissions trading mechanisms
on the effects of digital trade on carbon emission reduction are also covered. Zhou [18]
took Beijing as an example, while this paper selects six indexes, including macroeconomic
factors, energy market factors, climate environmental factors, and international market
factors—which affect carbon emission trading prices—and establishes an appropriate
VAR model for the analysis of carbon emission trading prices in Beijing. Few scholars
have studied carbon trading risk contagion. Dong [19] adopted a data-driven factor anal-
ysis strategy by introducing the Fuzzy Cognitive Maps (FCM) model to establish a carbon
market network and identify risk-related factors, and evaluated the carbon market’s risk
level and spillover effects. They found that five factors which influenced carbon market
risk emerged from the FCM, including OIL, COAL, SP500ENERGY, SPCLEANENERGY,
and GPR, and they also found a notable rise in risk spillover from GPR to EUA during the
Russia-Ukraine conflict and an escalation of total cross-market spillover during extreme
events. However, the impact of other financial market fluctuations on the carbon trading
market is often ignored, so this paper studies the risk contagion of carbon counterparties
between firms from the perspective of asset price reduction, which is the second innova-
tion point of this paper.

Complex networks can better describe the interrelation among various agents and
truly describe and simulate the complex risk contagion mechanism [20,21]. At present,
many counterparty risks have been analyzed with the help of complex networks, repre-
sentative of which are the following examples. Chen and He [22] proposed the network
model of credit risk contagion and studied the influence mechanism of investor behavior
and network structure on credit risk contagion. Chen [23] constructed the SIRS model of
counterparty credit risk contagion and analyzed the influence, mechanism, and evolution
characteristics of the counterparty credit network structure and its heterogeneity, coun-
terparty behavior preference, counterparty fitness, and regulatory rescue strategy on
counterparty credit risk contagion in the CRT market. On the basis of an epidemic model,
Wang [4] established its network model by considering investor behavior and information
disclosure strategy, and they analyzed the mechanism of counterparty credit risk conta-
gion. However, when the network model is constructed in this paper, the relationship
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among the nodes is related through the scoring system, which is different from previous
studies. The association of firms through the scoring system can more truly reflect the
relationship between various entities in the real trading market, as well as the phenome-
non that firms are more inclined to trade with large firms.

To sum up, from the perspective of green finance and on the basis of the asset sale,
this article analyzes the transmission mechanism of the carbon quota counterparty risk, a
network model of the risk contagion of carbon quota counterparties is constructed based
on complex network theory, and the evolutionary characteristics of the risk formation ef-
fect and contagion effect of carbon quota counterparty are analyzed by means of MATLAB
R2019a software numerical simulation. The contributions of this paper are as follows. (1)
This paper studies carbon quota counterparty risk from the perspective of green finance,
which is different from that of traditional finance. (2) From the perspective of green fi-
nance and on the basis of asset price reduction, this paper studies the evolution character-
istics of the risk contagion of carbon quota counterparties, which is different from the ex-
isting studies that only focus on the influence of carbon trading on firms, financial mar-
kets, and industry structure on the emission reduction efficiency. (3) Different from the
previous studies that used power law distribution to associate network nodes, this paper
uses an interfirm scoring system to associate interfirm network nodes, which makes the
counterparty credit network more consistent with reality and reduces the conclusion de-
viation caused by the deviation of the counterparty credit network from reality. (4) This
paper obtains novel conclusions with theoretical values. In the interfirm debt network, the
price sensitivity of firms to the sale of financial assets, the proportion of rational investors
in the financial market, the probability of credit risk contagion of the carbon quota among
firms, and the cumulative proportion of assets sold have a marginally decreasing phe-
nomenon on the formation of the carbon quota counterparty risk, whereas the corporate
carbon performance has a marginally increasing phenomenon. Corporate carbon risk
awareness and the carbon quota trading price have a marginally decreasing effect on the
risk contagion of carbon quota counterparties, whereas corporate carbon performance and
the total score of interfirm assessment have a marginally increasing effect. Under the
cross-effects of various factors, the proportion of rational investors in the financial market
has the greatest influence on the risk of carbon quota counterparties, whereas corporate
carbon performance has the least. Corporate carbon risk awareness has the greatest effect
on the risk contagion effect of carbon quota counterparties, whereas the trading price of
the carbon quota has the least influence on the risk contagion effect. The total score of
interfirm assessment has a great effect on the trend and range of the risk contagion of
carbon quota counterparties. (5) This study not only enriches the theoretical research re-
sults of carbon quota counterparty risk, but also provides practical suggestions for gov-
ernments and firms to prevent and control carbon quota counterparty risk contagion.

The rest of this paper is organized as follows. Section 2 constructs an interfirm debt
network model. Section 3 presents an interfirm model of the risk contagion of carbon
quota counterparties. Section 4 analyzes, theoretically, the formation and contagion mech-
anism of carbon quota counterparty risks. Section 5 analyzes the evolutionary character-
istics of the formation and contagion of carbon quota counterparty risks. Section 6 sum-
marizes the conclusions of this paper.

2. Interfirm Debt Network Model
2.1. Corporate Balance Sheets

Suppose there exist N firms in the interfirm market, and each firm’s assets consist
of carbon quota accounts receivables AY, trading financial assets AR, and cash C; and
the firm’s liabilities comprise carbon quota accounts payable LY and trading financial
liabilities LR . The owner’s equity of a firm is equal to assets minus liabilities (E=A-L).
The owner’s equity is also the capital buffer of the firm. When the loss of the firm is greater
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than the owner’s equity of the firm, the firm is insolvent ( E <0) and will default. The struc-
ture of the corporate capital sheet in this paper is shown in Table 1.

Table 1. Corporate balance sheet.

Assets A(t) Liabilities L(t)
Carbon quota accounts receivables AY;(t) Carbon quota accounts payables LY;(t)
Trading financial assets AR(t) Trading financial liabilities LR;(t)
Cash C(t) Owner’s equity E(t)

In the interfirm market, the changes in the balance sheet and the characteristics of the
interfirm network structure are affected by the carbon quota trading decisions among
firms. That is, firms make decisions on whether carbon quota trading occurs among firms
based on the carbon quota ratio in the balance sheet 4 (t) to the target ratio of corporate

carbon quotas #(0). If  (t)<y (0), then the firm will choose to sell the carbon quota and
increase carbon quota accounts receivables; otherwise, if  (t)> 4 (0), then the firm will

choose to purchase the carbon quota and increase the carbon quota accounts payable. Car-
bon quota ratio is expressed as the ratio of carbon quota accounts receivables to carbon
quota accounts payable, shown as follows:

m(t)=— ) 1)

2.2. Interfirm Debt Network

Firm networks with customer—supplier, licensee-licensor, and strategic alliances
have the characteristics of a scale-free network structure, and the degree distribution of
firm credit network follows the power law distribution [24-26]. On the basis of the above
research, this paper constructs an interfirm debt network model. The network model takes
the firm as the network node, the number of nodes in the interfirm market represents the
number of firms, and the interfirm debt network has N nodes.

By using the agent-based modeling (ABM) method of American finance to describe
the interfirm debt network, the firms are divided into large firms and small firms. Partic-
ularly, large firms are the first choice for seeking counterparties due to their large scale
and abundant assets, which are in a dominant position in the economy and have more
carbon emission indexes allocated by the state. The capital and technology of small firms
are weak, and the carbon emission index allocated by the country is less than that for large
firms. The edge of the interfirm debt network is abstracted from the carbon quota debt
relationship among firms, the degree of nodes is the number of other nodes connected to
the node in the network, and the degree distribution of the network is P (k).

The debt relation of the carbon quota among firms forms the debt network, which is
represented by the following adjacency matrix:

by . by biy
Q= bil bij biN (2)
le bNJ bNN

At that time, when b, =1, firm i is the creditor of firm j, and firm | is in the debt

of firm i. When bij =0, no debt relationship exists between firm i and |. Moreover, firms

will not have a debt relationship with themselves, thatis, b;=0. ZN:b.; and ibji represent
i1 j=1
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the number of debt firms and creditor firms of firm i, respectively. The default of inter-
firm debt affects the creditor through the adjacency matrix. When the creditor suffers
losses or goes bankrupt, the risk will be transmitted to the interfirm debt network.

3. Construction of a Counterparty Risk Contagion Model for Carbon Quota Trading
among Firms

For a firm, when the owner’s equity E<0, the firm will default. Given that the
owner’s equity of the firm is equal to its assets minus its liabilities, then:

E, (1) = A - L (1) = (AY, (1) + AR () + C,(1) ~ (LY, (1) + LR, (1)) 3)

Given that the loss of assets is an important cause of firm bankruptcy, this paper
focuses on the influence of capital loss of firms due to asset reduction on the entire firm
system. The loss can be considered to be caused by the need to repay interfirm debts and
stabilize the liquidity of corporate assets. The loss is also influenced by other factors such
as investor sentiment, carbon trading, and carbon performance, which prompts the com-
pany to sell its financial assets at less than their value. Carbon performance refers to the
performance of corporate carbon management, that is, the comprehensive assessment of
the development and implementation of corporate carbon policies, carbon emission re-
duction targets, carbon management-related education, carbon management R&D capa-
bility, carbon emission intensity, and carbon disclosure degree [27]. The sale of financial
assets by firms affects the payment of carbon quota trading accounts among firms, thereby
forming interfirm carbon quota counterparty risk and triggering risk contagion through
the interfirm debt network. The contagion process is shown in Figure 1.

firms i sells assets at reduced prices suffered a loss § (1)

firm I defaults

firm I has creditors

No firm I causes aloss Q’(;] to creditor j

No

Yes

firm ; goes bankruptcy

end

Figure 1. Flowchart of credit risk formation process among carbon quota counterparties.
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3.1. Fire Sale of Firm Assets

In order to maintain the normal operation of the firm, the firm will choose to sell its
financial assets, and the market reprices the financial assets that are sold. The sensitivity
of firms to asset prices reflects the perception and reaction degrees of transaction subjects
to asset price changes [28]. Therefore, this paper constructs an asset pricing model based
on the differences in sensitivity of firms to asset prices. Moreover, in view of the fact that
the asset price sensitivity will affect the scale of the fire sale of firms, it will also affect the
repricing of assets in the financial market. The factors which affect the asset price sensi-
tivity are as follows. First, the proportion of rational investors: under the condition of
asymmetric information, investors in the financial market are divided into rational inves-
tors and uninformed emotional investors. The larger the proportion of rational investors
7 is, the more efficient the financial market will be [29-31]. At this point, the more sensi-
tive firms are more likely to be susceptible to the changes in the market price of their as-
sets. Second, the greater the credit risk contagion probability of carbon quota trading
among firms y is, the greater the effect on the ability and risk preference of firms to
withstand market price volatility risks will be and the more sensitive firms will be to mar-
ket prices [32,33]. Finally, high carbon performance can promote the improvement of
firms’ financial performances. The greater the corporate carbon performance j, is, the
lower the sensitivity of the asset prices of firms will be [34,35]. Therefore, the firm sensi-
tivity function 7 to asset prices can be set as follows:

1=y -y @

The demand function for asset price changes caused by supply and demand is an
exponential function [28]. The asset inverse demand function is used to determine the
price at which firm i sells a certain transactional financial asset at moment t. Then, after
asset reduction, the price AR of asset h sold atmoment t canbe expressed as follows:

O
Pty = Pno) (Qh ) = P ! ®)

h
i

where p,,, is the initial price of asset AR, g, (0<¢, <d,) denotes the cumulative pro-

portion of asset AR sold, and d, is the market capacity of an asset as a percentage of
the market’s absorbable assets.

Moreover, the loss of firm i caused by the price reduction of assets at moment t
through the price of assets can be expressed as §,(t).

S; (t) = th (p(h,o) - p(h,t)) (6)
h=1
Particularly, other current assets contain m types of assets.

3.2. Construction of the Relationship of Carbon Quota Debt among Firms

According to Section 3.1, the asset loss §(t) caused by firm i at moment t can be
known. When S, (t)>E(t), firm i goes bankrupt. When E, (t)-S,(t)<LY,(t+1), firm i
will not go bankrupt but will default due to its inability to pay off its carbon quota liabil-
ities. Then, in both cases, firm i will cause certain losses to the creditor with which it has
a carbon quota business contact. The process of establishing a carbon quota debt relation-
ship between firm i and its creditor is described as follows.

According to the score system, the firm evaluates the scale of its counterparty and its
relationship with the counterparty. In addition, the firm decides on the carbon quota trad-
ing among firms through the scale score F* and relationship score r°. It also selects a
more suitable counterparty to establish a new debt relationship and realizes the asset flow
and balance sheet update of the firm.
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(1) The scale score is calibrated by comparing the size of the firm with the average
size of existing counterparties. Firms are more inclined to establish interfirm market rela-
tions with large firms. Firm ] ’s scale evaluation of firm i at moment t canbe expressed

as follows:

> g A(t-1)I1,, (t-1)
> (1) )

F,* =log A (t)-

1, there is a connection between i and v at t moments.

L, (1) = {0, others ®)

(2) The relationship score describes a preference of whether to continue business with
the existing counterparties. The relationship evaluation of firms i and ] in period t

can be expressed as follows:

log L, (0),firm i and firm j have initialized debt

(-0~ ©)

0, others

(10)

ij

F ( 0)_ ij ( ) Icg Lij (t),ll I Iandl“mj haVe nerebt
> =
( ) U ( ) OtherS

where the memory decay functionis 0e(0,1).
(3) The total amount of carbon quota sold by firm i to firm j is determined ac-

cording to the total score system of the interfirm evaluation. The total evaluation score
determines the amount of carbon quota that the creditor will sell to the debt firm. The total
score between the firms i and j is expressed as follows:

Fi =vFf +(1-v)oFR] (11)
=2 (12)
A

where v is the weight of the relationship score.

Equations (7)—(12) describe how to establish a new debt relationship among firms,
and reflects the debt relationship, the flow of capital, and the daily financial and opera-
tional activities among firms.

3.3. Risk Contagion Process of Carbon Quota Counterparties

This paper mainly considers the influence of the government and firms on the estab-
lishment of carbon quota trading among firms to form a new debt relationship. The main
influencing factors include the following. First, the trading price of carbon quota P : un-
der the carbon tax—carbon trading hybrid policy, the higher the trading price of the carbon
quota is, the greater the substitution effect of a carbon tax on carbon emission trading and
the smaller the probability of establishing a carbon quota debt relationship among firms
will be [36,37]. Second, the carbon risk awareness « : carbon risk awareness refers to a
firm’s ability to proactively identify carbon-related risks and seriously consider their po-
tential consequences. The greater the carbon risk awareness is, the stronger the firm’s abil-
ity to identify carbon-related risks and the smaller the probability of establishing a carbon
quota debt relationship among firms will be [38]. Third, carbon performance 5 : the larger
the carbon performance is, the more carbon quota will be left and the higher the probabil-
ity of trading carbon quota will be [32,33,39]. Fourth, the interfirm assessment scores F;/

: the greater the interfirm assessment score is, the greater the probability of carbon quota
trading will be [40].
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Therefore, the probability of establishing a new debt relationship of carbon quota
among firms y , that is, the probability that defaulting firms transmit carbon quota coun-

terparty risk to creditor firms y , can be expressed as follows:

1
V= Y (13)
1+o0e P

(1) Scenario 1
If E(t)-S;(t)<0, then firm i defaults. Thatis, at moment t, the firm is unable to pay

off the debt, and forms a carbon quota counterparty risk.
This paper assumes that the defaulting firm causes the same loss to its creditor. The
loss Q,(t) caused by the defaulting firm i toitscreditor | canbe expressed as follows:

)= [(LY, () +LR (1)).(S; () -E ®)]

ij - N
-1

min

b (14)

n

]

If E;(t)-S;t)-Q;(t)<0 and E,(t)-S;(t)>0, then firm J defaults due to the risk con-
tagion of carbon quota counterparties. In this case, firm ] will continue to transmit the

carbon quota counterparty risk to its associated creditors until no new defaulting firm
exists.
(2) Scenario 2

If 0<E(t)-S;(t)<LY,(t+1), then firm | defaults due to its failure to repay carbon

quota liabilities in full. The loss caused by the defaulting firm | toits creditor j can be
expressed as follows:

LY () -(SO-E®)]
Qii (t)_ N (15)
S
j=1
(3) Scenario 3
If E()-S;(t)>0 and g,(t)<g,(t), then firm | maintains its liquidity by selling
its financial assets at a discount due to its insufficient liquidity. g;(t) represents the cur-
rent assets of the firm at moment t. g, (t) represents the threshold value of the current
assets of the firm at moment t, which can be expressed by 6A (t), where ¢ is the

threshold value of the liquidity of the firm and represents the influence of asset price re-
duction on the current assets of the firm. If E;(t)-S;(t)>0 and g, (t)>g|(t), then the

firm sells its financial assets at a reduced price for debt repayment and keeps its current
assets at no lower than the threshold. Then, the current assets required by firm i to repay

m
its debt can be expressed as th Py -
h=1

(4) Scenario 4

To solve the short-term liquidity problem of firms, firm | chooses to sell its financial
assets at a reduced price at moment t, resulting in losses S, (t).If E;(t)—S;(t)<0, then
firm | will be bankrupted and liquidated. When the bankrupt firm cannot repay the ac-
counts payable of the creditor, the creditor ] of the bankrupt firm will suffer losses
Q;(t).If E;(t)-S;(t)-Q;()<0 and E,(t)-S;(t) >0, then the firm will also go bankrupt,
thus forming default contagion among firms. Firm ] is bankrupted and liquidated,
causing losses Q; (t+1) to its creditors |. Similarly, when E(t+1)-S(t+1)-Q,;(t+1)<0
and E (t+1)-S,(t+1) >0, the firm | will go bankrupt. If new bankruptcies occur among
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creditors of the firm |, credit risk will continue to be passed on until the risk is completely
absorbed and no new bankruptcies will be formed. The credit risk contagion process
among carbon quota counterparties is shown in Figure 2.

firm i
No
Yes Yes
firm j goes bankruptcy firm i defaults
creditor lostQ, (1) ‘J
No E()-S,(1)-0,(1)<0

and E (t)=S,(t) >0

firm J goes bankruptcy

end

Figure 2. Flowchart of credit risk contagion process among carbon quota counterparties.

4. Analysis of the Mechanism of Carbon Quota Counterparty Risks

In the interfirm network, the loss caused by the fire sale of financial assets will not
only affect the formation of carbon quota counterparty risk among firms but also the size
of the credit risk. Suppose that the loss of assets of firms is used to measure the credit risk
of carbon quota counterparties among firms [41].

4.1. Analysis of the Mechanism of Risk Formation of Carbon Quota Counterparty Risks

Asset price reduction affects the solvency of firms, thereby causing a counterparty
risk of carbon quotas among firms, and the greater the difference between the current
price of assets sold in finance and the initial price, the greater the impact of selling at a
reduced price will be on firms. At the same time, the sensitivity and rationality of firms to
asset prices affect the decision of firms to sell assets at a reduced price and the scale of
assets sold, thereby affecting the losses caused by the sale of assets at a reduced price. In
addition, the counterparty risk of the carbon quota affects the related firms, which further
affects the solvency of firms and causes the risk of carbon quota counterparties among
firms. Thus, Theorem 1:

Theorem 1. The marginal utility of the loss S (t) caused by the price of financial assets sold py,
, the sensitivity of asset prices r, the proportion of rational investors t , and the possibility of
credit risk contagion in carbon quota trading among firms y all show a decreasing trend. The
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marginal utility of corporate carbon performance j on theloss S,(t) caused by the price reduction
of financial assets shows an increasing trend.

Proof.
Zi(ft)) :-“Zi; el "
azi 7(7t) :; qf’/;(h,m e <0 (17)
aSaiEt) :_hz":; anp(h,o);;y/ -v’) ef%h% <0 (18)
& ;t) 3 qthm,o;](f “M e g (19)
a8, (1) _ Z Uy “VPph o) o {2':{ (1-y) 2 —'/’] (20)
oy = P ‘¢

On the basis of Equations (16)—(20), the sale financial asset prices p,,,, the firm asset
price sensitivity 7, the proportion 7z of rational investors, and the possibility of credit

risk contagion in carbon quota trading among firms is the monotonically decreasing func-
tion of loss §,(t) on sale firm financial assets. According to Equation (20), to determine

P (1-y) 2- F (1-y) 9-
whether M—Z—W is equal to 0, assume that f(y/):”(PW)—ZW:O. The three cases
T T
P+8F}7 <0
where the deterministic formula A= p(p +8Fifr) exists are JP+8 Fir=0 . When
P+8F 7 >0

a5, (t
P+8Fr <0, thatis, A<0,If f(y) hasnorealrootand f(y)<0.then # >0. At this
oy
time, the loss S, (t) caused by the fire sale of financial assets is a monotonically increas-
ing function regarding the corporate carbon performance ,.When P+8F/z =0, thatis,
A=0, f(y) has a real root and solves for ¥ =3. Moreover, if y €(0,1) and f(y)<O0,
then %5i(1) >0, at this time, the loss S, (t) caused by the fire sale of financial assets is a
oy
monotonically increasing function regarding the corporate carbon performance 5 . When

P+8F/r>0 , that is, A>0 , f(y) has two real roots and solves for

_4Fijo—P+\/m>1. If ye(01) and

AF;r-P—.[P(P+8F/7)
= <0 7 WZ =
4Fijz‘r

v, = 4FijZT

0
f(y)<0, then 6_n <0; at this time, the loss S, (t) caused by the fire sale of financial as-
4

sets is a monotonically increasing function regarding the corporate carbon performance
» - Therefore, Theorem 1 is proved. o

According to Theorem 1, effectively controlling the price of the financial assets sold,
the carbon performance, and the probability of risk contagion in carbon quota trading
among firms, and improving the price sensitivity of firm assets and the proportion of ra-
tional investors, can effectively reduce the losses caused by asset price reductions, and
reduce the counterparty risks of firms.
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4.2. Analysis of the Mechanism of Risk Contagion of Carbon Quota Counterparties

The higher the awareness of the carbon risk is, the stronger the company’s ability to
deal with carbon-related risks will be in the future, reducing the contagion of carbon coun-
terparty risks. A firm’s evaluation of counterparties affects the firm’s decision-making re-
garding carbon trading, and the firm’s evaluation of the counterparty reflects the willing-
ness of the firm to bear the risk of carbon allowance trading, thereby affecting the price of
carbon trading. At the same time, since carbon performance reflects a series of measures
taken by firms for emission reduction, a high carbon performance reflects the degree of
correlation of the carbon trading of firms to a certain extent, which may affect the risk
contagion channel of carbon quota counterparties, and then affect the risk contagion of
carbon quota counterparties. Thus, Theorem 2 and Theorem 3:

Theorem 2. The marginal utility of carbon risk awareness o on the credit risk contagion proba-
bility of the carbon quota among firms is decreasing and convex. When F} >0, the marginal util-

ity of carbon quota trading price P on the probability of credit risk contagion of carbon quota
shows a decreasing trend. When F <0, the marginal utility of carbon quota trading price P on

the probability of credit risk contagion of carbon quota y shows an increasing trend.

Proof.
A=Y
51/, g InP Y
a_ = _ﬁ < 0 (21)
" fiar?)
) -
o % 2e P’
oo’ oy (22)
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According to Equations (21) and (22), the probability of credit risk contagion of the
carbon quota among firms  is a monotonically decreasing concave function regarding
_ , WY <o >0
carbon risk awareness o . Equation (23) shows that ) P

Y L 0,F <0
oP !
probability of credit risk contagion of the carbon quota among firms y , is a monoton-

. When F/ >0, the

ically decreasing function regarding the trading price P of the carbon quota. When
F; <0, the probability of credit risk contagion of the carbon quota among firms y is a

monotonically increasing function regarding the trading price P of the carbon quota.
Therefore, Theorem 2 is proved. o

Theorem 3. When Fj >0, the marginal utility of carbon performance » on the probability of
credit risk contagion of the carbon quota among firms  is increasing and concave; when
InPlIna <F <0, the marginal utility of carbon performance y on the probability of credit risk
contagion of the carbon quota among firms  is decreasing and concave. When
-10<F/ <InPlna, in the interval (y,,1), the marginal utility of carbon performance y on the

probability of credit risk contagion of the carbon quota among firms y is increasing and convex.
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In the interval (0, y, ), the marginal utility of carbon performance y on the probability of credit
risk contagion of the carbon quota among firms y is increasing and concave. The marginal utility
of interfirm assessment score F} on the probability of credit risk contagion of the carbon quota

among firms y is increasing and concave.

Proof.
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Let f(y)=ae™" -1 and f‘(y):_alipe w" . When Ff>0, f(y)<0, then f(y)
n
2

takes the maximum value of f_(y)<0 at =0 on the interval of ye(0,1), E;—l/§<0.
4

g e
52,// —20,F 20
When F/ =0, f(y)=a-1<0, —;<0.According to Equations (24) and (25), or
o W o <0
L coF
oy

; therefore, when F} >0, the probability of credit risk contagion of the carbon quota
among firms y is a monotonically increasing convex function regarding carbon perfor-
mance y . When F'<0 and f'(y)>0, then f(y) takes the maximum value of

F,JZ
f(l):ozeiﬁ -1 at y=1 on the interval of y<(0,1), and there exists two situations:

{f(l)go’ nPNe<F <0 When InPina<F7 <0 and f(y)<t(1)<0, then az—l/;<0. At this
f(1)>0, -10<F <InPlna dy

time, the credit risk contagion probability of the carbon quota among firms y is a mon-
otonically decreasing convex function regarding carbon performance } . When
-10<F/ <InPIna, f(y) hasaunique zero point y,;thus, f(y)>0 ontheintervalof (0,y,)
. Then, the probability of credit risk contagion of the carbon quota among firms y isa
monotonically decreasing concave function regarding carbon performance 7 . When
f(y)<0 on the interval of (y,,1), the credit risk contagion probability of the carbon quota
among firms y is a monotonically decreasing convex function regarding carbon perfor-
mance / . In conclusion, the monotonicity and convexity of the probability of credit risk
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contagion of the carbon quota among firms y on carbon performance 7 can be proven
to be related to the interfirm assessment scores.

i ij

Similarly, let f(lzijz):aefﬁﬁf -1, f'(FZ):—a#efﬁﬁf,andf'(FIjZ)<0.Then, f(F;)

7
takes the maximum value of f(-10)=ce "" -1 at F;=-10 on the interval of [-10,10],

2

and ye(01). At this time, f(-10)<0 and a—‘i/z<0. Therefore, the credit risk contagion
i

probability of the carbon quota among firms y is a monotonically increasing convex

function of the evaluation score F; among firms. Therefore, Theorem 3 is proved. o

According to Theorems 2 and 3, to effectively control the risk contagion of carbon
quota trading among firms, firms should improve their awareness of carbon risks and
carbon performance, focus on screening and evaluating the assets and credits of carbon
quota counterparties while improving their carbon performance, cooperate with the gov-
ernment’s macro adjustment of trading price carbon allowances, and choose an appropri-
ate carbon trading strategy.

5. Simulation Analysis

On the basis of the risk contagion research model of carbon quota counterparties, a
numerical simulation analysis of the evolution characteristics of the risk contagion of car-
bon quota counterparties is conducted based on the asset discount using MATLAB R2019a
software. The baseline value of the parameters is determined according to the literature
[21,28-31,36,37,40,42,43]. Suppose that the scale of firm asset losses is used to measure the
credit risk of carbon quota counterparties among firms [41]. The specific benchmark val-
ues of each parameter are shown in Table 2.

Table 2. Benchmark values of parameters.

Benchmark
Parameter Description enchmar Range of Variation
Value

N Total number of firms 300 Positive integer
k Business degree 5 [1.10]

0 Memory decay function 0.1 (0.1)

. Weight of the relatiF)nship scores in the overall 05 (01)

rating system
Py Market prices of class h assets at moment t 50 (0, P(n,m]
Pnoy Initial market price the class h assets 50 [40,100]

T Proportion of rational investors 0.5 (0.2)

m Types of marketable financial asset 10 Positive integer
w Probability of credit risk cor}tagion of carbon 04 (0)

quota among firms
v Corporate carbon performance 0.3 (0.1)
n Price sensitivity of the firm to the sale of financial 05 (0.)
assets

ay Cumulative proportion of class h assets sold 0.01 (0,d,)

d, Market to class h asset market capacity 0.02 (0.1)

P Trading price of carbon quota 40 [30,60]

a Corporate carbon risk awareness 0.4 (0.1)

F, Total score of interfirm assessment 5 (-10,10)
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5.1. Formation Effect of Carbon Quota Counterparty Risk

The effects of the following evolutionary characteristics with different parameter val-
ues on the counterparty risk evolution are determined via simulation: the formation effect
of the carbon quota counterparty risk, the proportion of rational investors through finan-
cial markets 7 , the probability of credit risk contagion of the carbon quotas among firms
w , the corporate carbon performance j , the price sensitivity of the firm to the sale of

financial assets 77, the cumulative proportion of class h assets sold @,, and the initial
market price of class h assets p, -

Figure 3 depicts the correlation between the size of the carbon quota counterparty
risk and the proportion of rational investors in the financial market, the probability of
credit risk contagion of carbon quota among firms, the corporate carbon performance, and
the price sensitivity of firms to the sale of financial assets. Figure 3 also verifies the con-
clusion of Theorem 1. According to Figure 3a—d, the carbon quota counterparty risk in the
interfirm debt network presents a decreasing marginal feature with the increase in the
proportion of rational investors in the financial market 7, the probability of credit risk
contagion of the carbon quota among firms y and the sensitivity of firms to the price of

financial assets sold 77, and an increasing marginal feature with the increase in the cor-
porate carbon performance ; . Moreover, when the proportion of rational investors =

is less than 0.2 and the credit risk contagion probability of the carbon quotas among firms
w isless than 0.1, or when the sensitivity of firms to the price of financial assets sold 7

is less than 0.2, the carbon quota counterparty risk accelerates in the interfirm debt net-
work. Otherwise, when the value exceeds the threshold, the variation range of the carbon
quota counterparty risk becomes smaller in the interfirm debt network. Thus, the strategy
of information disclosure, the credit risk contagion probability of carbon quotas among
firms, and the price sensitivity of firms to the sale of financial assets considerably affect
the formation of carbon quotas between counterparty risks in the market. If the effective
prevention and management of carbon quota trading risks are to be achieved, then the
government should be encouraged to market information, and firms should be reasona-
ble, avoid blindly following, and adhere to the sensitivity of asset prices to reduce unnec-
essary losses. As shown in Figure 3c, the carbon quota counterparty risk shows a margin-
ally increasing feature with the increase in the carbon performance p in the interfirm

debt network. Moreover, the variation range of the carbon quota counterparty risk is ac-
celerated in the interfirm debt network; however, the overall variation range of the carbon
quota counterparty risk is not obvious. Thus, the carbon performance in the interfirm net-
work significantly improves financial performance, helps firms reduce costs, and in-
creases the cost of firm technology; however, evidently, firm investment in new technol-
ogy costs less than the benefits that the new technology will bring. As a result, the influ-
ence of the corporate carbon performance on the risks caused by firms is not obvious, and
the overall change in the carbon quota counterparty risk is also not evident.
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Figure 3. Single effect of different influencing factors on carbon quota counterparty risk. (a) the ef-
fect of the proportion of rational investors on carbon quota counterparty risk; (b) the effect of the
probability of credit risk contagion of the carbon quota among firms on carbon quota counterparty
risk; (c) the effect of the corporate carbon performance on carbon quota counterparty risk; (d) the
effect of the sensitivity of firms to the price of financial assets sold on carbon quota counterparty
risk.

Moreover, as shown in Figure 3, the influence of the proportion of rational investors
7 in the financial market, the probability of credit risk contagion of the carbon quota
among firms y , the corporate carbon performance » and the sensitivity of firms to the

price of financial assets sold 7; on the formation of the carbon quota counterparty risk

are mainly reflected in the change in the size of the losses suffered by firms due to asset
price reductions in the interfirm debt networks. Conversely, the risk of carbon quota coun-
terparties shows a gradual trend of extinction in interfirm debt networks. Thus, the single
influencing factor of credit risk in carbon quota trading cannot play a leading role in the
formation of carbon quota counterparty risk in the firm debt network. If the strategy of
preventing and controlling the carbon quota counterparty risk is based on a single influ-
encing factor, then it can easily cause deviation and has a limited effect.

Figure 4 depicts the correlation between the size of the carbon quota counterparty
risk and the price sensitivity of financial assets. When the initial market price of the class
h assets p,, and the cumulative proportion of class N assetssold g, interact with the
price sensitivity to the selling of financial assets 7; , the carbon quota counterparty risk in
the interfirm debt network increases with the increase of the initial market price of the
asset and the cumulative proportion of class N assets sold. However, generally, the car-
bon quota counterparty risk decreases with the increase in the firm’s sensitivity to the
price of the financial assets sold. From Figure 4a,b, it can be seen that the initial market
price of the financial assets and the cumulative proportion of the assets sold interact with
sensitivity to selling the financial asset price in the interfirm debt network, and that the
changes in the initial market price of the financial assets sold and the cumulative propor-
tion of assets sold do not have significant effects on the carbon quota counterparty risk.
This finding indicates that, when the government and firms develop strategies to prevent
and control the risks of carbon quota trading, the government’s macro-control of the car-
bon quota price in the market can prevent and defuse the carbon quota counterparty risks
to a certain extent, although it will not be evident. The change in the cumulative propor-
tion of assets sold by firms is more evident than the effect of regulating the price of the
carbon quota. Moreover, firms reduce the sale of financial assets, decrease the saturation
of assets in the market, and adjust the relationship between supply and demand in the
market to a certain extent. Therefore, firms reduce the cumulative proportion of assets
sold, which has a certain effect on preventing and mitigating carbon quota counterparty
risks.
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Figure 4. The interaction between different influencing factors and the price sensitivity to selling
financial assets on carbon quota counterparty risk. (a) the interaction between the initial market

price of the class h assets and the price sensitivity to selling financial assets on carbon quota coun-

terparty risk; (b) the interaction between the cumulative proportion of class h assets sold and the
price sensitivity to selling financial assets on carbon quota counterparty risk.

Figure 5 depicts the correlation between the size of the carbon quota counterparty
risk and the probability of credit risk contagion of the carbon quota among firms when
the proportion of rational investors in the financial market, the cumulative proportion of
class N assets sold, and the corporate carbon performance interact with the probability
of the risk contagion of the carbon quota counterparties among firms. According to Figure
5a—c, it can be seen that the carbon quota counterparty risk decreases with the increase in
the proportion of rational investors in financial markets, and increases with the increase
in the cumulative proportion of assets sold and the corporate carbon performance in the
firm debt network. However, with the increase in the probability of contagion of the car-
bon quota counterparty risk between firms, the risk of carbon quota counterparty risk
increases and shows the characteristics of marginal decline. In the firm debt network,
when the financial market proportion of rational investors 7 , the cumulative proportion

of class N assets sold ,, and the corporate carbon performance; interact with the con-
tagion probability y of the carbon credit counterparty risk, the interactions of corporate

carbon performance and the contagion probability of the carbon quota counterparty risk
on the risk of carbon quota counterparties are more obvious. However, in general, the
changes in the proportion of assets sold, the proportion of rational investors in the finan-
cial market, and the corporate carbon performance do not have obvious effects on the risk
of carbon quota counterparties. Hence, corporate carbon performance has a significantly
positive incentive for firms to improve their financial performance, and a high-carbon
performance can help firms to reduce financing costs, reduce losses, and hedge risks to a
certain extent. These findings are consistent with the analysis in Figure 3c.
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Figure 5. The interaction between different influencing factors and the probability of credit risk con-
tagion of the carbon quota among firms on carbon quota counterparty risk. (a) the interaction be-
tween the proportion of rational investors and the probability of credit risk contagion of the carbon
quota among firms on carbon quota counterparty risk. (b) the interaction between the cumulative
proportion of class h assets sold and the probability of credit risk contagion of the carbon quota
among firms on carbon quota counterparty risk; (c) the interaction between the corporate carbon
performance and the probability of credit risk contagion of the carbon quota among firms on carbon
quota counterparty risk.

Figure 6 depicts the correlation between the size of the carbon quota counterparty
risk and corporate carbon performance when the proportion of rational investors in the
financial market, the cumulative proportion of class fIl assets sold, and the probability of
credit risk contagion of the carbon quota among firms interact with the corporate carbon
performance. When the financial market proportion of rational investors 7 , the cumula-
tive proportion of class N assets sold ¢,, and the contagion probability of the carbon
quota counterparty risk y interact with corporate carbon performance y, in the inter-

firm debt network, the risk of carbon quota counterparties decreases with the increase in
the proportion of rational investors and the probability of contagion of carbon quota coun-
terparties, and increases with the cumulative proportion of assets sold. According to Fig-
ure 6a—c, it can be seen that the risk of carbon quota counterparties shows marginally in-
creasing characteristics with the increase in corporate carbon performance. In addition,
the smaller the proportion of the rational investors in the financial market and the conta-
gion probability of carbon quota counterparty risk among firms is, the larger the variation
range of the carbon quota counterparty risk in the interfirm debt network will be. The
smaller the cumulative proportion of assets sold is, the smaller the variation range of the
carbon quota counterparty risk in the interfirm debt network will be. Thus, the larger the
risk contagion probability of the carbon quota counterparty among firms and the propor-
tion of rational investors in the financial market are, the more sensitive firms will be to
asset prices and in the selection of and decision-making regarding counterparties. And
the greater the degree of information disclosure is, the more transparent the information
of the counterparties will be. The effects of counterparties on the formation of carbon
quota counterparty risk in the interfirm debt network are gradually reduced. Therefore,
when the proportion of rational investors in the financial market and the risk contagion
probability of the carbon quota counterparty among firms is large, the formation of carbon
quota counterparty risk in the interfirm debt network is less affected by the corporate car-
bon performance.
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Figure 6. The interaction between different influencing factors and corporate carbon performance
on carbon quota counterparty risk. (a) the interaction between the proportion of rational investors
and the corporate carbon performance on carbon quota counterparty risk. (b) the interaction be-
tween the cumulative proportion of class h assets sold and the corporate carbon performance on
carbon quota counterparty risk; (c) the interaction between the probability of credit risk contagion
of the carbon quota among firms and the corporate carbon performance on carbon quota counter-
party risk.

Figure 7 depicts the correlation between the size of the carbon quota counterparty
risk and the proportion of rational investors in the financial market when the corporate
carbon performance, the cumulative proportion of class h assets sold, and the contagion
probability of the carbon quota counterparty risk among firms interact with the propor-
tion of rational investors in the financial market. When the corporate carbon performance
7 , the cumulative proportion of class h assets sold {, and the contagion probability of
carbon quota counterparty risk between firms y interact with the proportion of rational

investors in the financial market, the risk of carbon quota counterparties increases with
the increase in corporate carbon performance, the cumulative proportion of assets sold,
and the probability of contagion of the carbon quota counterparties among firms. Accord-
ing to Figure 7a—c, it can be seen that the risk of carbon quota counterparties shows a
marginal decline with the increase in the proportion of rational investors in the financial
market. Furthermore, when the corporate carbon performance, cumulative proportion of
assets sold, and contagion probability of carbon quota counterparty risk among firms are
kept at a small state, they interact with the proportion of rational investors in the financial
market. If the proportion of rational investors in the financial market is less than 0.1, then
the risk of carbon quota counterparties among firms will not change with the proportion
of rational investors in the financial market. Generally, the counterparty risk of carbon
quota trading among firms is greatly affected by the proportion of rational investors in
the financial market. This finding indicates that, in the initial stage of credit events, the
disclosure degree of information about credit events tends to be consistent for the coun-
terparties in financial markets, and the degree of market information circulation and dis-
closure, as well as investor sentiment, have greater effects on the risk of carbon quota
counterparties. At the same time, the proportion of rational investors in the financial mar-
ket has a greater influence on the risk of carbon quota counterparties among firms, and
the government can implement strategies based on the information disclosure degree and
investor sentiment to prevent and resolve the carbon quota counterparty risks among
firms, and these strategies will work more effectively.
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Figure 7. The effects of interaction between different influencing factors and the proportion of ra-
tional investors on carbon quota counterparty risk. (a) the interaction between the corporate carbon
performance and the proportion of rational investors on carbon quota counterparty risk. (b) the
interaction between the cumulative proportion of class h assets sold and the proportion of rational
investors on carbon quota counterparty risk; (c) the interaction between the probability of credit risk
contagion of the carbon quota among firms and the proportion of rational investors on carbon quota
counterparty risk.

In sum, Figures 4-7 verify Theorem 1. The figures indicate that, in the interfirm debt
network, the proportion of rational investors in the financial market has the greatest in-
fluence on the formation of the carbon quota counterparty risk, followed by the influence
of the sensitivity of firms to the sale of financial assets on the formation of the carbon quota
counterparty risk; corporate carbon performance has the least influence on the formation
of the carbon quota counterparty risk. Thus, information disclosure and investor senti-
ment are crucial to firms in trading, and the more complete the information held by the
firm is, the more rationally the state will be maintained, and, thus, the decisions made by
the firm can avoid losses caused by the risks. However, the positive incentive effect of
carbon performance on corporate financial performance will make firms fall into the illu-
sion of good financial condition, but it will only temporarily cause insensitivity of firms
to the price of selling financial assets. Nevertheless, corporate carbon performance gener-
ally has a positive effect on corporate financial performance, and the losses caused to firms
are negligible.

5.2. Risk Contagion Effect of Carbon Quota Counterparties

In order to describe the evolution characteristics of the risk contagion effect of carbon
quota counterparties, the evolution characteristics of the risk contagion effect of carbon
quota counterparties are simulated by different parameter values of the carbon risk
awareness « , carbon quota trading price P, corporate carbon performance j , and to-

tal score of interfirm assessment F; .

Figure 8 depicts the correlation between the risk contagion probability of carbon
quota counterparties and the corporate carbon risk awareness, the trading price of carbon
quota, the corporate carbon performance, and the total score of interfirm assessment. It
also verifies some of the conclusions of Theorems 2 and 3. As shown in Figure 8a,b, the
risk contagion probability of the carbon quota counterparty in the interfirm debt network
shows a decreasing marginal feature with the increase in the carbon risk awareness «
and carbon quota trading price P . Asshown in Figure 8c,d, the risk contagion probabil-
ity of the carbon quota counterparty in the interfirm debt network shows a marginally
increasing feature with the increase in the carbon performance » and the total score of

interfirm assessment F; . The analysis of Figure 8 shows that the probability of the risk

contagion of carbon quota counterparties does not start from 0, and the variation range of
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the carbon quota counterparty risk in the interfirm debt network does not change signifi-
cantly. Hence, the influencing factors of the credit risk contagion of single carbon quota
transactions cannot play a leading role in the influence of the risk contagion of carbon
quota counterparties in the interfirm debt network. Moreover, if the strategy of preventing
and controlling the risk contagion of carbon quota counterparties is based on a single in-
fluencing factor, then it can easily cause deviation and has a limited effect.
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Figure 8. Single effect of different influencing factors on the risk contagion effect of carbon quota
counterparties. (a) the effect of the corporate carbon risk awareness on the risk contagion effect of
carbon quota counterparties; (b) the effect of the carbon quota trading price on the risk contagion
effect of carbon quota counterparties; (c) the effect of the corporate carbon performance on the risk
contagion effect of carbon quota counterparties; (d) the effect of the total score of interfirm assess-
ment on the risk contagion effect of carbon quota counterparties.

Figure 9 depicts the correlation between the risk contagion probability of carbon
quota counterparties and the corporate carbon risk awareness when the trading price of
the carbon quota, the total score of the interfirm assessment, and the corporate carbon
performance interact with the corporate carbon risk awareness. Figure 9 also verifies part
of the conclusion of Theorem 2. According to Figure 9, when the trading price of the car-
bon quota P, the total score of the interfirm assessment F/, and the corporate carbon
performance y interact with the corporate carbon risk awareness « , the risk contagion
probability of the carbon quota counterparties in the interfirm debt network presents a
decreasing marginal feature with the increase in the corporate carbon risk awareness. Fig-
ure 9a shows that the higher the trading price of the carbon quota is, the higher the risk
contagion probability of the carbon quota counterparties will be when the trading price
of the carbon quota P intersects with corporate carbon risk awareness « . However, in
the interfirm debt network, the risk contagion probability of the carbon quota counterpar-
ties is not significantly affected by the trading price of carbon quota. Figure 9b,c shows
that, when the total score of the interfirm assessment F; and the corporate carbon per-

formance y interact with the corporate carbon risk awareness « , the higher the total

score of interfirm assessment and the higher the corporate carbon performance are, the
higher the contagion probability of carbon quota counterparties risk will be. The conta-
gion of the carbon quota counterparties risk changes with the increase in the total score of
the interfirm assessment in the debt interfirm network. Thus, a single influencing factor
in the debt interfirm network has little impact on the risk contagion effect of carbon quota
counterparties. However, with the intersection of the corporate carbon performance and
the total score of interfirm assessment, the correlation of debt, such as carbon quotas be-
tween firms, has increased, which has a greater effect on the risk contagion of carbon
quota counterparties. Conversely, the trading price of the carbon quota is affected by the
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market supply and demand, and the influence of its change on the risk contagion of car-
bon quota counterparties tends to be consistent.
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Figure 9. The interaction between different influencing factors and corporate carbon risk awareness
on the risk contagion effect of carbon quota counterparties. (a) the interaction between the carbon
quota trading price and the corporate carbon risk awareness on the risk contagion effect of carbon
quota counterparties; (b) the interaction between the total score of the interfirm assessment and the
corporate carbon risk awareness on the risk contagion effect of carbon quota counterparties; (c) the
interaction between the corporate carbon performance and the corporate carbon risk awareness on
the risk contagion effect of carbon quota counterparties.

Figure 10 depicts the correlation between the risk contagion probability of carbon
quota counterparties and the corporate carbon performance when the trading price of the
carbon quota, the total score of the interfirm assessment, and the corporate carbon risk
awareness interact with corporate carbon performance. Figure 10a,b verifies the conclu-
sion of Theorem 2. As shown in Figure 10a,c, when the trading price of the carbon quota
P and the corporate risk consciousness ¢ interact with the corporate carbon perfor-
mance p in the debt interfirm network, the risk contagion probability of carbon quota
counterparties shows a marginal incremental characteristic in the increase in the corporate
carbon performance. The higher the trading price of the carbon quota and the carbon risk
awareness are, the lower the risk contagion probability of the carbon quota counterparties
will be. Moreover, in the debt interfirm network, the risk contagion probability of the car-
bon quota counterparties does not change significantly because of the influence of the
carbon quota trading price and carbon risk awareness. Figure 10b shows that, when the
total score of interfirm assessment F/ interacts with the corporate carbon performance

» and the total score of the interfirm assessment is less than 0, the risk contagion proba-

bility of the carbon quota counterparties in the debt interfirm network presents a decreas-
ing marginal feature with the increase in the corporate carbon performance. When the
total score of the interfirm assessment is greater than 0, in the debt interfirm network, the
risk contagion probability of the carbon quota counterparties shows an increasing mar-
ginal feature with the increase in the corporate carbon performance. Moreover, a positive
or negative total score of the interfirm assessment will change the trend in the risk conta-
gion of carbon quota counterparties in the debt interfirm network. In addition, when the
total score of the interfirm assessment is lower, the change range of the probability of the
risk contagion of carbon quota counterparties in the debt interfirm network will accelerate
with the change in corporate carbon performance. Thus, when firms trade with firms with
small assets and low correlation degrees, firms are more likely to have credit events due
to the lack of understanding of counterparties information and the small size of counter-
parties assets. Given that small-scale firms do not have a strong capital base, firms that
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trade with them are less resistant to risks. As a result, the risk contagion of the carbon
quota counterparties in the debt interfirm network is intensified.
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Figure 10. The interaction between different influencing factors and corporate carbon performance
on the risk contagion effect of carbon quota counterparties. (a) the interaction between the carbon
quota trading price and the corporate carbon performance on the risk contagion effect of carbon
quota counterparties; (b) the interaction between the total score of the interfirm assessment and the
corporate carbon performance on the risk contagion effect of carbon quota counterparties; (c) the
interaction between the corporate carbon risk awareness and the corporate carbon performance on
the risk contagion effect of carbon quota counterparties.

Figure 11 depicts the correlation between the risk contagion probability of carbon
quota counterparties and the trading price of the carbon quota when the corporate carbon
performance, the total score of the interfirm assessment, and the corporate carbon risk
awareness interact with the trading price of the carbon quota. Figure 11a,b verifies Theo-
rem 2. As shown in Figure 11a,c, when the corporate carbon performance y and corpo-

rate carbon risk awareness @ interact with the trading price of the carbon quota P, the
risk contagion probability of the carbon quota counterparties in the debt interfirm net-
work presents a decreasing marginal feature with the increase in the trading price of the
carbon quota. The higher the corporate carbon performance is, the higher the risk conta-
gion probability of carbon quota counterparties will be. Further, the higher the carbon risk
awareness is, the lower the risk contagion probability of carbon quota counterparties in
the debt interfirm network will be. Figure 11b shows that, when the total score of the in-
terfirm assessment F/ interacts with the trading price of the carbon quota P, and the

total score of interfirm assessment is less than 0, the risk contagion probability of the car-
bon quota counterparties in the debt interfirm network presents an increasing marginal
feature with the increase in the trading price of the carbon quota. When the total score of
the interfirm assessment is greater than 0, in the debt interfirm network, the risk contagion
probability of the carbon quota counterparties shows a decreasing marginal feature with
the increase in the carbon quota trading price. Moreover, when the corporate carbon per-
formance, the total score of the interfirm assessment, and the corporate carbon risk aware-
ness interact with the carbon quota trading price, the change trend in the probability of
the risk contagion of carbon quota counterparties in the debt interfirm network does not
change significantly with the change in the carbon quota trading price. Thus, the trading
price of the carbon quota is influenced by the market supply and demand, and its price is
always fluctuating around a fixed value. Therefore, the intersection of the corporate car-
bon performance, the total score of the interfirm assessment, the corporate carbon risk
awareness, and the trading price of the carbon quota tend to be consistent with the influ-
ence of the risk contagion of carbon quota counterparties.
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Figure 11. The interaction between different influencing factors and the trading price of carbon
quota on the risk contagion effect of carbon quota counterparties. (a) the interaction between the
corporate carbon performance and the carbon quota trading price on the risk contagion effect of
carbon quota counterparties; (b) the interaction between the total score of the interfirm assessment
and the carbon quota trading price on the risk contagion effect of carbon quota counterparties; (c)
the interaction between the corporate carbon risk awareness and the carbon quota trading price on
the risk contagion effect of carbon quota counterparties.

Figure 12 depicts the correlation between the risk contagion probability of carbon
quota counterparties and the total score of the interfirm assessment when the corporate
carbon performance, the trading price of the carbon quota, and the corporate carbon risk
awareness interact with the total score of the interfirm assessment. It also validates Theo-
rem 3. As shown in Figure 12a, when the corporate carbon performance » interacts with

the total score of the interfirm assessment F, the risk contagion probability of the carbon

quota counterparties in the debt interfirm network shows an increasing marginal feature
with the increase in the total score of the interfirm assessment. Moreover, when the cor-
porate carbon performance is 0.3, the probability of contagion of the carbon quota coun-
terparties risk does not change with the change curve of the total score of the interfirm
assessment. When the corporate carbon performance is greater than 0.3, the risk contagion
probability of the carbon quota counterparties changes significantly with the change curve
of the total score of interfirm assessment. When the total score of the interfirm assessment
is 0, it indicates the inflection point of the change curve, and the curve of the probability
of risk contagion of carbon quota counterparties becomes increasingly significant with the
increase in the corporate carbon performance. Thus, the corporate carbon performance
has a significantly positive incentive effect on the occurrence of carbon quota trading, in-
novation and invention, and other emission reduction measures of firms. When the cor-
porate carbon performance is small, the possibility of carbon quota transactions between
firms is also small, so the influence of the debt correlation between firms is insignificant.
Thus, when the corporate carbon performance and the total score of the interfirm assess-
ment is small and intersecting, the curve of change in the probability of risk contagion of
carbon quota counterparties is not significantly bumpy.
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Figure 12. The interaction between different influencing factors and the total score of interfirm as-
sessment on the risk contagion effect of carbon quota counterparties. (a) the interaction between the
corporate carbon performance and the total score of interfirm assessment on the risk contagion effect
of carbon quota counterparties; (b) the interaction between the carbon quota trading price and the
total score of interfirm assessment on the risk contagion effect of carbon quota counterparties; (c)
the interaction between the corporate carbon risk awareness and the total score of interfirm assess-
ment on the risk contagion effect of carbon quota counterparties.

Figure 12b,c shows that, when the trading price of the carbon quota P and the total
score of the interfirm assessment F/ interact with each other, the probability of the risk

contagion of carbon quota counterparties in the debt interfirm network shows an increas-
ing marginal feature with the increase in the total score of the interfirm assessment. When
the corporate carbon risk awareness ¢ and the total score of the interfirm assessment F/

interact with each other, the risk contagion probability of carbon quota counterparties in
the debt interfirm network shows a marginally increasing feature with the increase in the
total score of interfirm assessment, and the greater the carbon risk awareness is, the
smaller the risk contagion probability of the carbon quota counterparties will be. Moreo-
ver, with the increase in the carbon quota price, the starting point of the change curve of
the risk contagion probability of carbon quota counterparties and the total score of the
interfirm assessment increases slightly, and the change curve of the change range de-
creases slightly. However, generally, the probability of the risk contagion of the carbon
quota counterparties in the debt interfirm network does not change significantly with the
change curve of the total score of the interfirm assessment. With the increase in the corpo-
rate carbon risk awareness, the starting point floating degree of the change curve of the
contagion probability of the carbon quota counterparties risk with the change in the cor-
porate carbon risk awareness is larger. However, in general, in the debt interfirm network,
the change curve of the contagion probability of the carbon quota counterparties risk and
the corporate carbon risk awareness has a significant upward shift, but no significant
changes are observed in the trends. Thus, regulating the market price of the carbon quota
alone by the government is insufficient, and firms must improve their awareness of car-
bon risk and their capacity to resist risks. Therefore, the strategy of preventing and con-
trolling the risk contagion of carbon quota counterparties based on multiple factors is
more effective.

Figures 8-12 verify Theorems 2 and 3. The findings show that a single factor cannot
explain the risk formation and contagion effects of the carbon quota counterparties. In-
stead, studying the risk formation and contagion effects of the carbon quota counterpar-
ties risk by examining the cross-interaction of multiple factors is more significant and in
line with the actual financial market and trading environment.
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5.3. Carbon Quota Counterparty Risk Contagion Effect Based on Carbon Trading Data and
Corporate Carbon Emission Intensity

In order to better verify the network model of the counterparty risk contagion of the
carbon quota, this part of this paper uses the average daily transaction price of carbon
emission allowances from 2019 to 2022 of the Beijing Green Exchange and the data of more
than 230 chemical firms, and simulates the evolution characteristics of counterparty risk
contagion effects through different parameter values of the carbon quota trading price P
and corporate carbon performance j .

Figure 13 depicts the correlation between the risk contagion probability of carbon
quota counterparties and the corporate carbon performance under the interaction be-
tween the corporate carbon performance and carbon quota trading price in 2018-2019.
Figure 13 better verifies Theorem 3. From Figure 13, under the interaction between the
corporate carbon performance and carbon quota trading price, the risk contagion proba-
bility of carbon quota counterparties in the debt interfirm network shows a marginally
increasing characteristic with the increase in the corporate carbon performance. This is
consistent with the results in Figures 8 and 10. Furthermore, Figure 13a,b shows that the
higher the trading price of the carbon quota is, the lower the probability of contagion of
counterparty risks of the carbon quota will be. In 2018, the corporate carbon performance
was generally high, which had a greater impact on the risk contagion of carbon quota
counterparties. This is because, in 2018, in the early stage of the development of low-car-
bon green emission reduction, firms could obtain greater emission reduction benefits
through the implementation of emission reduction strategies, and, in 2019, with the intro-
duction and popularization of green emission reduction policies, the marginal benefits of
green emission reduction strategies in firms decreased, so the carbon performance of firms
gradually decreases with the popularity of green emission reduction strategies, and the
impact on the risk contagion of carbon quota counterparties also decreases.
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Figure 13. The interaction between the corporate carbon performance and the price of carbon quota
trading from 2018 to 2022 on the risk contagion effect of carbon quota counterparties. (a) the inter-
action between the corporate carbon performance in 2018 and the price of carbon quota trading from
2018 to 2022 on the risk contagion effect of carbon quota counterparties. (b) the interaction between
the corporate carbon performance in 2019 and the price of carbon quota trading from 2018 to 2022
on the risk contagion effect of carbon quota counterparties.

Figure 14 depicts the correlation between the risk contagion probability of the carbon
quota counterparties and the price of carbon quota trading from 2019 to 2022 under the
interaction between the trading price of the carbon quota and the corporate carbon per-
formance. Figure 14 better verifies Theorem 2. Figure 14 shows that, under the interaction
between the corporate carbon performance and carbon quota trading price, the risk
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contagion probability of the carbon quota counterparties in the debt interfirm network
shows a marginally decreasing characteristic with the increase in the carbon quota trading
price. This is consistent with the results shown in Figures 8 and 11. Furthermore, Figure
14 shows that the interaction between the carbon quota trading price and the corporate
carbon performance in 2018 had a great impact on the risk contagion effect of carbon quota
counterparties, but there is no obvious change trend. Conversely, the interaction between
carbon quotas and the corporate carbon performance in 2019 had a more obvious marginal
diminishing impact on the change trend of counterparties risks of the carbon quota be-
tween firms. This shows that, under the “dual carbon” goal, in the early stage of green
and low-carbon development, the low-carbon emission reduction behavior of firms can
bring greater benefits, stimulate carbon trading behavior between firms, increase the risk
contagion channel of carbon counterparties between firms, and aggravate the contagion
of risks, but with the development of green and low-carbon, low-carbon emission reduc-
tion of firms has become a common behavior, so the benefits brought by this behavior to
firms show marginal decreasing characteristics, thereby reducing the risk contagion of
carbon quota counterparties. This is consistent with the results of Figure 13. Therefore, for
the current general understanding of green and low-carbon firms, the impact of the carbon
performance carbon quota trading price on the risk contagion of carbon quota counter-
parties in 2019 is of more significance as a reference.
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Figure 14. The interaction between the price of carbon quota trading and the corporate carbon per-
formance from 2018 to 2019 on the risk contagion effect of carbon quota counterparties. (a) the in-
teraction between the price of carbon quota trading in 2022 and the corporate carbon performance
from 2018 to 2019 on the risk contagion effect of carbon quota counterparties. (b) the interaction
between the price of carbon quota trading in 2021 and the corporate carbon performance from 2018
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to 2019 on the risk contagion effect of carbon quota counterparties. (c) the interaction between the
price of carbon quota trading in 2020 and the corporate carbon performance from 2018 to 2019 on
the risk contagion effect of carbon quota counterparties. (d) the interaction between the price of
carbon quota trading in 2019 and the corporate carbon performance from 2018 to 2019 on the risk
contagion effect of carbon quota counterparties.

Figures 13 and 14 verify Theorems 2 and 3. The findings show the impact of the in-
teraction between the corporate carbon performance and carbon trading price on the risk
contagion of carbon quota counterparties. With the development of green and low-carbon,
the carbon performance of firms and the impact on the risk contagion of carbon counter-
parties is gradually decreasing.

5.4. Robustness Analysis

To test the robustness of factors which affect counterparties risk formation and con-
tagion in carbon quota trading, this article performs a sensitivity analysis of the parame-
ters (Tables 3-7). The variation trend of the same parameter is basically the same under
different values, indicating strong robustness.

Table 3. Sensitivity analysis of the initial market price of class h asset, the price sensitivity of the
firm to the sale of financial assets, and the cumulative proportion of class h assets sold on the

evolution characteristics of firm carbon quota counterparties formation.

n

oo 01 02 03 04 05 06 07 08 09 10 [xpectation  Varance
,=0.005
40.0 0.098 0.049 0.033 0.025 0.020 0.017 0.014 0.012 0.011 0010  0.029 0.001
43.0 0.105 0.053 0.036 0.027 0.021 0.018 0.015 0.013 0.012 0.011 0.031 0.001
46.0 0.112 0.057 0.038 0.029 0.023 0.019 0.016 0.014 0.013 0.011 0.033 0.001
49.0 0.119 0.060 0.040 0.030 0.024 0.020 0.017 0015 0.014 0.012  0.035 0.001
52.0 0.127 0.064 0.043 0.032 0.026 0.022 0.019 0016 0.014 0.013  0.038 0.001
55.0 0.134 0.068 0.045 0.034 0.027 0.023 0.020 0.017 0.015 0.014  0.040 0.001
58.0 0.141 0.072 0.048 0.036 0.029 0.024 0.021 0018 0.016 0.014  0.042 0.002
61.0 0.149 0.075 0.050 0.038 0.030 0.025 0.022 0.019 0.017 0.015  0.044 0.002
64.0 0.156 0.079 0.053 0.040 0.032 0.027 0.023 0.020 0.018 0.016  0.046 0.002
67.0 0.163 0.083 0.055 0.042 0.033 0.028 0.024 0.021 0.019 0.017  0.048 0.002
70.0 0.171 0.086 0.058 0.043 0.035 0.029 0.025 0.022 0.019 0.017  0.051 0.002
73.0 0.178 0.090 0.060 0.045 0.036 0.030 0.026 0.023 0.020 0.018  0.053 0.002
76.0 0.185 0.094 0.063 0.047 0.038 0.032 0.027 0.024 0.021 0.019  0.055 0.003
79.0 0.193 0.098 0.065 0.049 0.039 0.033 0.028 0.025 0.022 0.020  0.057 0.003
82.0 0200 0.101 0.068 0.051 0.041 0.034 0.029 0.026 0.023 0.020  0.059 0.003
85.0 0.207 0.105 0.070 0.053 0.042 0.035 0.030 0.026 0.024 0.021 0.061 0.003
88.0 0215 0.109 0.073 0.055 0.044 0.037 0.031 0.027 0.024 0022  0.064 0.004
91.0 0222 0.112 0.075 0.057 0.045 0.038 0.032 0.028 0.025 0.023  0.066 0.004
94.0 0229 0.116 0.078 0.058 0.047 0.039 0.033 0.029 0.026 0.023  0.068 0.004
97.0 0237 0.120 0.080 0.060 0.048 0.040 0.035 0.030 0.027 0.024  0.070 0.004
100.0 0244 0.123 0.083 0.062 0.050 0.041 0.036 0.031 0.028 0.025  0.072 0.005
Expectation 0171 0.086 0.058 0.043 0.035 0.029 0.025 0.022 0.019 0.017
Variance 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
q,=0.01
40.0 0381 0.195 0.131 0.099 0.079 0.066 0.057 0.050 0.044 0.040  0.114 0.011
43.0 0409 0210 0.141 0.106 0.085 0.071 0.061 0.053 0.048 0.043  0.123 0.013
46.0 0438 0224 0.151 0.114 0.091 0.076 0.065 0.057 0.051 0.046  0.131 0.015
49.0 0466 0239 0.161 0.121 0.097 0.081 0.070 0.061 0.054 0.049  0.140 0.017
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52.0 0.495 0.254 0.170 0.128 0.103 0.086 0.074 0.065 0.057 0.052 0.148 0.019
55.0 0.523 0.268 0.180 0.136 0.109 0.091 0.078 0.068 0.061 0.055 0.157 0.021
58.0 0.552 0.283 0.190 0.143 0.115 0.096 0.082 0.072 0.064 0.058 0.165 0.023
61.0 0.580 0.298 0.200 0.151 0.121 0.101 0.087 0.076 0.067 0.061 0.174 0.026
64.0 0.609 0.312 0.210 0.158 0.127 0.106 0.091 0.080 0.071 0.064 0.183 0.028
67.0 0.638 0.327 0.220 0.165 0.133 0.111 0.095 0.083 0.074 0.067 0.191 0.031
70.0 0.666 0.341 0.229 0.173 0.139 0.116 0.099 0.087 0.077 0.070 0.200 0.034
73.0 0.695 0.356 0.239 0.180 0.145 0.121 0.104 0.091 0.081 0.073 0.208 0.037
76.0 0.723 0.371 0.249 0.188 0.150 0.126 0.108 0.094 0.084 0.076 0.217 0.040
79.0 0.752 0.385 0.259 0.195 0.156 0.131 0.112 0.098 0.087 0.079 0.225 0.043
82.0 0.780 0.400 0.269 0.202 0.162 0.136 0.116 0.102 0.091 0.082 0.234 0.046
85.0 0.809 0.415 0.279 0.210 0.168 0.140 0.121 0.106 0.094 0.085 0.243 0.050
88.0 0.837 0.429 0.288 0.217 0.174 0.145 0.125 0.109 0.097 0.088 0.251 0.054
91.0 0.866 0.444 0.298 0.225 0.180 0.150 0.129 0.113 0.101 0.091 0.260 0.057
94.0 0.895 0.458 0.308 0.232 0.186 0.155 0.133 0.117 0.104 0.094 0.268 0.061
97.0 0.923 0473 0.318 0.239 0.192 0.160 0.138 0.120 0.107 0.097 0.277 0.065
100.0 0.952 0.488 0.328 0.247 0.198 0.165 0.142 0.124 0.110 0.100 0.285 0.069
Expectation 0.666 0.341 0.229 0.173 0.139 0.116 0.099 0.087 0.077 0.070
Variance 0.031 0.008 0.004 0.002 0.001 0.001 0.001 0.001 0.000 0.000
4,=0.015
40.0 0.836 0.434 0.293 0.221 0.177 0.148 0.127 0.111 0.099 0.089 0.254 0.053
43.0 0.898 0.466 0315 0.237 0.191 0.159 0.137 0.120 0.107 0.096 0.273 0.061
46.0 0.961 0.499 0.337 0.254 0.204 0.170 0.146 0.128 0.114 0.103 0.292 0.070
49.0 1.024 0.531 0.358 0.271 0.217 0.181 0.156 0.137 0.121 0.109 0.311 0.080
52.0 1.086 0.564 0.380 0.287 0.231 0.193 0.165 0.145 0.129 0.116 0.330 0.090
55.0 1.149 0.596 0.402 0.304 0.244 0.204 0.175 0.153 0.136 0.123 0.349 0.100
58.0 1.212 0.629 0.424 0.320 0.257 0.215 0.184 0.162 0.144 0.130 0.368 0.112
61.0 1.275 0.661 0.446 0.337 0.270 0.226 0.194 0.170 0.151 0.136 0.387 0.123
64.0 1.337 0.694 0.468 0.353 0.284 0.237 0.204 0.178 0.159 0.143 0.406 0.136
67.0 1.400 0.726 0.490 0.370 0.297 0.248 0.213 0.187 0.166 0.150 0.425 0.149
70.0 1.463 0.759 0.512 0.386 0.310 0.259 0.223 0.195 0.174 0.156 0.444 0.163
73.0 1.525 0.791 0.534 0.403 0.324 0.270 0.232 0.203 0.181 0.163 0.463 0.177
76.0 1.588 0.824 0.556 0.420 0.337 0.281 0.242 0.212 0.188 0.170 0.482 0.192
79.0 1.651 0.856 0.578 0.436 0.350 0.293 0.251 0.220 0.196 0.176 0.501 0.207
82.0 1.713 0.889 0.600 0.453 0.364 0.304 0.261 0.228 0.203 0.183 0.520 0.223
85.0 1.776 0.921 0.622 0.469 0.377 0.315 0.270 0.237 0.211 0.190 0.539 0.240
88.0 1.839 0.954 0.644 0.486 0.390 0.326 0.280 0.245 0.218 0.197 0.558 0.257
91.0 1.901 0.986 0.666 0.502 0.403 0.337 0.289 0.254 0.226 0.203 0.577 0.275
94.0 1.964 1.019 0.688 0.519 0.417 0.348 0.299 0.262 0.233 0.210 0.596 0.293
97.0 2.027 1.051 0.710 0.536 0.430 0.359 0.308 0.270 0.240 0.217 0.615 0.312
100.0 2.089 1.084 0.732 0.552 0.443 0.370 0.318 0.279 0.248 0.223 0.634 0.332
Expectation 1.463 0.759 0.512 0.386 0.310 0.259 0.223 0.195 0.174 0.156
Variance 0.151 0.041 0.019 0.011 0.007 0.005 0.004 0.003 0.002 0.002
Table 4. Sensitivity analysis of the carbon performance, the proportion of rational investors in the
market, and the cumulative proportion of class h assets sold on the evolution characteristics of firm
carbon quota counterparties formation.
T . .
4 01 02 03 04 05 06 07 08 09 10 |pectation Variance
q,=0.005 w=0.4
0.1 0.0563 0.032 0.027 0.025 0.024 0.023 0.022 0.022 0.022 0.021 0.027 0.000
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0.2 0.140 0.053 0.038 0.032 0.029 0.027 0.026 0.025 0.024 0.024 0.042 0.001
0.3 0.363 0.086 0.053 0.041 0.035 0.032 0.030 0.028 0.027 0.026 0.072 0.011
0.4 0.868 0.140 W 0.053 0.043 0.038 0.034 0.032 0.030 0.029 0.134 0.068
0.5 1.716 0.227 0.101 0.067 0.053 0.045 0.040 0.036 0.034 0.032 0.235 0.274
0.6 2.393 0363 0.140 0.086 0.064 0.053 0.046 0.041 0.038 0.035 0.326 0.537
0.7 2,500 0570 0.194 0.110 0.078 0.062 0.053 0.046 0.042 0.039 0.369 0.586
0.8 2,500 0.868 0.266 0.140 0.095 0.073 0.061 0.053 0.047 0.043 0.415 0.600
0.9 2500 1.263 0.363 0.179 0.115 0.086 0.070 0.059 0.053 0.048 0.473 0.644
1.0 2500 1.716 0.492 0.227 0.140 0.101 0.080 0.067 0.059 0.053 0.543 0.731
Expectation 1.553 0.532 0.175 0.096 0.068 0.054 0.046 0.041 0.038 0.035
Variance 1.161 0.334 0.024 0.005 0.002 0.001 0.000 0.000 0.000 0.000
q,=0.01 =04
0.1 0.208 0.127 0.108 0.099 0.095 0.091 0.089 0.088 0.087 0.086 0.108 0.001
0.2 0.545 0.208 0.150 0.127 0.115 0.108 0.103 0.099 0.097 0.095 0.165 0.019
0.3 1.347 0.338 0.208 0.163 0.140 0.127 0.118 0.112 0.108 0.104 0.277 0.146
0.4 2.870 0545 0.288 0.208 0.171 0.150 0.136 0.127 0.120 0.115 0.473 0.726
0.5 4508 0.867 0.397 0.265 0.208 0.177 0.157 0.144 0.134 0.127 0.698 1.842
0.6 4991 1.347 0545 0.338 0.253 0.208 0.181 0.163 0.150 0.140 0.832 2.270
0.7 5.000 2.020 0.744 0430 0.307 0.245 0.208 0.184 0.167 0.155 0.946 2.350
0.8 5.000 2.870 1.007 0.545 0.372 0.288 0.239 0.208 0.186 0.171 1.089 2.564
0.9 5.000 3.775 1.347 0.689 0.451 0.338 0.275 0.235 0.208 0.189 1.251 2.936
1.0 5.000 4.508 1.773 0.867 0.545 0.397 0.316 0.265 0.232 0.208 1.411 3.337
Expectation 3.447 1.660 0.657 0373 0266 0213 0.182 0.163 0.149 0.139
Variance 4.090 2484 0.314 0.066 0.023 0.011 0.006 0.004 0.002 0.002
q,=0.015 y=0.4
0.1 0.463 0.284 0.241 0.222 0.212 0.205 0.200 0.197 0.194 0.192 0.241 0.007
0.2 1.193 0.463 0.335 0.284 0.258 0.241 0.230 0.222 0.216 0.212 0.365 0.090
0.3 2816 0.748 0463 0.363 0314 0.284 0.265 0.251 0.241 0.234 0.598 0.632
0.4 5414 1.193 0.638 0463 0.381 0.335 0.305 0.284 0.269 0.258 0.954 2.536
0.5 7269 1863 0.875 0.589 0.463 0.394 0351 0.321 0.300 0.284 1.271 4.670
0.6 7499 2816 1.193 0.748 0.561 0.463 0403 0.363 0.335 0.314 1.469 5.066
0.7 7500 4.049 1.610 0946 0.680 0.544 0463 0410 0.373 0.346 1.692 5.433
0.8 7500 5414 2147 1.193 0.822 0.638 0.531 0.463 0416 0.381 1.951 6.161
0.9 7500 6.591 2816 1.495 0991 0.748 0.610 0.522 0.463 0.420 2.216 7.038
1.0 7500 7.269 3.612 1.863 1.193 0.875 0.699 0.589 0.515 0.463 2.458 7.633
Expectation 5.465 3.069 1.393 0.817 0.587 0473 0406 0362 0.332 0.310
Variance 8.250 6.830 1.306 0.304 0.109 0.051 0.028 0.017 0.012 0.008
Table 5. Sensitivity analysis of the corporate carbon performance, the proportion of rational inves-
tors in the market, and the probability of credit risk contagion of carbon quota among firms on the
evolution characteristics of corporate carbon quota counterparties risk formation.
T . .
4 01 02 03 04 05 06 07 08 09 10 pectation Varance
q,=0.01 y=0.2
0.1 0.364 0.224 0.190 0.175 0.167 0.161 0.158 0.155 0.153 0.151 0.190 0.004
0.2 0928 0364 0.263 0.224 0.203 0.190 0.181 0.175 0.170 0.167 0.287 0.054
0.3 2138 0.585 0.364 0.286 0.247 0.224 0.209 0.198 0.190 0.184 0.462 0.361
0.4 3.903 0.928 0500 0.364 0300 0.263 0.240 0.224 0.212 0.203 0.714 1.304
0.5 4919 1435 0.684 0462 0364 0310 0.276 0.253 0.236 0.224 0.916 2.113
0.6 5.000 2.138 0.928 0.585 0.441 0.364 0.317 0.286 0.263 0.247 1.057 2.249
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0.7 5.000 3.007 1.245 0.739 0.533 0.427 0.364 0.322 0.293 0.272 1.220 2.457
0.8 5.000 3.903 1.648 0.928 0.643 0.500 0.417 0.364 0.327 0.300 1.403 2.810
0.9 5.000 4.590 2.138 1.158 0.773 0.585 0.478 0.410 0.364 0.330 1.583 3.168
1.0 5.000 4919 2705 1435 0928 0.684 0.547 0.462 0.405 0.364 1.745 3.363
Expectation 3.725 2209 1.066 0.636 0.460 0.371 0319 0.285 0.261 0.244
Variance 3.470 3.194 0.733 0.180 0.065 0.031 0.017 0.011 0.007 0.005
q,=0.01 y=0.4
0.1 0.208 0.127 0.108 0.099 0.095 0.091 0.089 0.088 0.087 0.086 0.108 0.001
0.2 0.545 0.208 0.150 0.127 0.115 0.108 0.103 0.099 0.097 0.095 0.165 0.019
0.3 1.347 0.338 0.208 0.163 0.140 0.127 0.118 0.112 0.108 0.104 0.277 0.146
0.4 2.870 0.545 0.288 0.208 0.171 0.150 0.136 0.127 0.120 0.115 0.473 0.726
0.5 4508 0.867 0.397 0.265 0.208 0.177 0.157 0.144 0.134 0.127 0.698 1.842
0.6 4991 1.347 0.545 0.338 0.253 0.208 0.181 0.163 0.150 0.140 0.832 2.270
0.7 5.000 2.020 0.744 0.430 0.307 0.245 0.208 0.184 0.167 0.155 0.946 2.350
0.8 5.000 2.870 1.007 0545 0.372 0.288 0.239 0.208 0.186 0.171 1.089 2.564
0.9 5.000 3.775 1.347 0.689 0451 0.338 0.275 0.235 0.208 0.189 1.251 2.936
1.0 5.000 4.508 1.773 0.867 0.545 0.397 0.316 0.265 0.232 0.208 1.411 3.337
Expectation 3.447 1.660 0.657 0.373 0.266 0213 0.182 0.163 0.149 0.139
Variance 4.090 2484 0314 0.066 0.023 0.011 0.006 0.004 0.002 0.002
q,=0.01 y=0.6
0.1 0.159 0.097 0.082 0.076 0.072 0.070 0.068 0.067 0.066 0.065 0.082 0.001
0.2 0.421 0.159 0.115 0.097 0.088 0.082 0.079 0.076 0.074 0.072 0.126 0.011
0.3 1.063 0.260 0.159 0.124 0.107 0.097 0.091 0.086 0.082 0.080 0.215 0.092
0.4 2390 0.421 0.221 0.159 0.131 0.115 0.104 0.097 0.092 0.088 0.382 0.508
0.5 4146 0.675 0305 0.204 0.159 0.135 0.120 0.110 0.103 0.097 0.605 1.578
0.6 4959 1.063 0.421 0.260 0.194 0.159 0.138 0.124 0.115 0.107 0.754 2.267
0.7 5.000 1.629 0.578 0.331 0.236 0.188 0.159 0.141 0.128 0.118 0.851 2.336
0.8 5.000 2.390 0.787 0.421 0.286 0.221 0.183 0.159 0.143 0.131 0.972 2.476
0.9 5.000 3.288 1.063 0.534 0.347 0.260 0.211 0.180 0.159 0.144 1.119 2.780
1.0 5.000 4.146 1419 0.675 0421 0305 0.242 0.204 0.178 0.159 1.275 3.203
Expectation 3.314 1413 0.515 0.288 0.204 0.163 0.140 0.124 0.114 0.106
Variance 4334 2.030 0.201 0.040 0.014 0.006 0.003 0.002 0.001 0.001
Table 6. Sensitivity analysis of the corporate carbon performance, corporate carbon risk awareness,
and carbon quota trading price in the carbon trading market on the evolution characteristics of the
risk contagion of corporate carbon quota counterparties.
a . .
4 01 02 03 04 05 06 07 08 09 10 | —pectation Varance
P=40 F/=5
0.1 0.920 0.851 0.792 0.741 0.696 0.656 0.621 0.589 0.560 0.534 0.696 0.017
0.2 0.929 0868 0.814 0.766 0.724 0.686 0.652 0.621 0.593 0.567 0.722 0.015
0.3 0.938 0.882 0.833 0.790 0.750 0.715 0.682 0.652 0.625 0.600 0.747 0.013
0.4 0.945 0.896 0.851 0.811 0.775 0.741 0.711 0.683 0.656 0.632 0.770 0.011
0.5 0.952 0908 0.868 0.831 0.798 0.766 0.738 0.711 0.686 0.663 0.792 0.009
0.6 0.958 0919 0.883 0.849 0.819 0.790 0.763 0.738 0.715 0.693 0.813 0.008
0.7 0.963 0928 0.896 0.866 0.838 0.811 0.787 0.763 0.742 0.721 0.831 0.007
0.8 0.967 0937 0.908 0.881 0.855 0.831 0.809 0.787 0.767 0.747 0.849 0.005
0.9 0971 0944 0919 0.894 0.871 0.850 0.829 0.809 0.790 0.772 0.865 0.004
1.0 0.975 0951 0928 0.907 0.886 0.866 0.847 0.829 0.812 0.795 0.880 0.004
Expectation 0.952 0.908 0.869 0.834 0.801 0.771 0.744 0.718 0.695 0.673
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Variance 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.007 0.008
P=50 F'=5
0.1 0919 0.850 0.791 0.740 0.694 0.654 0.619 0.587 0.558 0.532 0.694 0.017
0.2 0928 0.866 0.811 0.763 0.721 0.683 0.648 0.617 0.589 0.564 0.719 0.015
0.3 0936 0.880 0.830 0.786 0.746 0.710 0.677 0.647 0.620 0.595 0.743 0.013
0.4 0943 0.893 0.848 0.807 0.769 0.735 0.704 0.676 0.649 0.625 0.765 0.011
0.5 0950 0.905 0.863 0.826 0.791 0.759 0.730 0.703 0.678 0.655 0.786 0.010
0.6 0956 0915 0.878 0.843 0.812 0.782 0.755 0.729 0.705 0.683 0.806 0.008
0.7 0961 0924 0.891 0.859 0.830 0.803 0.778 0.754 0.731 0.710 0.824 0.007
0.8 0965 0933 0903 0.874 0.848 0.822 0.799 0.777 0.755 0.735 0.841 0.006
0.9 0969 0940 0913 0.888 0.863 0.840 0.819 0.798 0.778 0.760 0.857 0.005
1.0 0973 0947 0923 0900 0.878 0.857 0.837 0.818 0.800 0.782 0.871 0.004
Expectation 0.950 0.905 0.865 0.829 0.795 0.765 0.737 0.711 0.686 0.664
Variance 0.000 0.001 0.002 0.003 0.004 0.005 0.005 0.006 0.007 0.007
P=60 F =5
0.1 0919 0.850 0.790 0.739 0.693 0.653 0.617 0.585 0.557 0.530 0.693 0.017
0.2 0927 0.865 0.810 0.761 0.719 0.680 0.646 0.615 0.587 0.561 0.717 0.015
0.3 0935 0.878 0.828 0.783 0.743 0.706 0.673 0.643 0.616 0.591 0.740 0.013
0.4 0942 0.891 0.845 0.803 0.765 0.731 0.700 0.671 0.644 0.620 0.761 0.012
0.5 0948 0902 0.860 0.822 0.786 0.754 0.725 0.697 0.672 0.648 0.781 0.010
0.6 0954 0912 0.874 0.839 0.806 0.776 0.748 0.722 0.698 0.675 0.801 0.009
0.7 0959 0922 0.887 0.855 0.825 0.797 0.771 0.746 0.723 0.702 0.818 0.007
0.8 0964 0930 0.899 0.869 0.842 0.816 0.791 0.769 0.747 0.727 0.835 0.006
0.9 0.968 0938 0909 0.882 0.857 0.833 0.811 0.790 0.769 0.750 0.851 0.005
1.0 0971 0944 0919 0.894 0.872 0.850 0.829 0.809 0.790 0.772 0.865 0.004
Expectation 0.949 0.903 0.862 0.825 0.791 0.760 0.731 0.705 0.680 0.658
Variance 0.000 0.001 0.002 0.003 0.004 0.004 0.005 0.006 0.006 0.007
Table 7. Sensitivity analysis of corporate carbon performance, corporate carbon risk awareness, and
total score of interfirm assessment on the evolution characteristics of the risk contagion of corporate
carbon quota counterparties.
a . .
d 01 02 03 04 05 06 07 08 09 10 | pectation Varance
P=40 Ff=-8
0.1 0.890 0.801 0.729 0.668 0.617 0.573 0.535 0.502 0.472 0.446 0.623 0.020
0.2 0.866 0.764 0.684 0.618 0.564 0.519 0481 0.448 0.419 0.393 0.576 0.022
0.3 0.839 0.723 0.635 0.566 0.511 0.465 0.427 0.395 0.367 0.343 0.527 0.024
0.4 0.808 0.677 0.583 0512 0457 0412 0375 0.344 0318 0.296 0.478 0.025
0.5 0.772 0.628 0.530 0.458 0.403 0.360 0.326 0.297 0.273 0.253 0.430 0.026
0.6 0.731 0576 0476 0405 0353 0312 0.280 0.254 0.232 0.214 0.383 0.025
0.7 0.687 0.523 0422 0354 0305 0.268 0.238 0.215 0.196 0.180 0.339 0.024
0.8 0.638 0.469 0370 0306 0.261 0.227 0201 0.181 0.164 0.150 0.297 0.022
0.9 0.587 0415 0321 0262 0.221 0.191 0.169 0.151 0.136 0.124 0.258 0.019
1.0 0533 0364 0276 0222 0186 0.160 0.140 0.125 0.113 0.103 0.222 0.017
Expectation 0.735 0.594 0.503 0.437 0.388 0.349 0.317 0.291 0.269 0.250
Variance 0.015 0.023 0.024 0.023 0.022 0.020 0.018 0.017 0.015 0.014
P=40 F/=-5
0.1 0.897 0.814 0.744 0.686 0.636 0.593 0.593 0.522 0.492 0.466 0.644 0.018
0.2 0.884 0.792 0.718 0.656 0.604 0.560 0.560 0.488 0.459 0.433 0.615 0.020
0.3 0.869 0.769 0.689 0.625 0.571 0.526 0.526 0.454 0.425 0.400 0.586 0.021
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0.4 0.853 0.744 0.660 0.592 0.538 0.492 0.492 0421 0.393 0.368 0.555 0.022
0.5 0.835 0.717 0.629 0.559 0.504 0.458 0.458 0.388 0.361 0.337 0.525 0.024
0.6 0816 0.689 0596 0.526 0470 0425 0425 0.357 0330 0.307 0.494 0.024
0.7 0.795 0.659 0.563 0492 0436 0.392 0392 0326 0301 0.279 0.464 0.025
0.8 0.772 0.628 0.530 0.458 0.403 0.360 0.360 0.297 0.273 0.253 0.434 0.025
0.9 0.747 0596 0496 0425 0371 0.330 0.330 0.270 0.247 0.228 0.404 0.025
1.0 0.721 0.563 0.462 0392 0.340 0.301 0.301 0.244 0.223 0.205 0.375 0.024
Expectation 0.819 0.697 0.609 0.541 0487 0444 0444 0377 0350 0.327
Variance 0.004 0.007 0.009 0.010 0.010 0.010 0.010 0.009 0.008 0.008
P=40 F/=5
0.1 0920 0.851 0.792 0.741 0.696 0.656 0.621 0.589 0.560 0.534 0.696 0.015
0.2 0929 0.868 0.814 0.766 0.724 0.686 0.652 0.621 0.593 0.567 0.722 0.013
0.3 0938 0.882 0.833 0.790 0.750 0.715 0.682 0.652 0.625 0.600 0.747 0.011
0.4 0945 0.896 0.851 0.811 0.775 0.741 0.711 0.683 0.656 0.632 0.770 0.010
0.5 0952 0908 0.868 0.831 0.798 0.766 0.738 0.711 0.686 0.663 0.792 0.008
0.6 0958 0919 0.883 0.849 0.819 0.790 0.763 0.738 0.715 0.693 0.813 0.007
0.7 0963 0.928 0.896 0.866 0.838 0.811 0.787 0.763 0.742 0.721 0.831 0.006
0.8 0967 0937 0908 0.881 0.855 0.831 0.809 0.787 0.767 0.747 0.849 0.005
0.9 0971 0944 0919 0.894 0.871 0.850 0.829 0.809 0.790 0.772 0.865 0.004
1.0 0975 0951 0928 0.907 0.886 0.866 0.847 0.829 0.812 0.795 0.880 0.003
Expectation 0.952 0.908 0.869 0.834 0.801 0.771 0.744 0.718 0.695 0.673
Variance 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.007 0.008
P=40 F/=8
0.1 0925 0861 0.805 0.756 0.713 0.674 0.640 0.608 0.580 0.554 0.712 0.014
0.2 0.939 0.885 0.837 0.794 0.755 0.720 0.688 0.659 0.632 0.607 0.752 0.011
0.3 0.950 0906 0.865 0.827 0.793 0.762 0.732 0.706 0.680 0.657 0.788 0.009
0.4 0960 0923 0.888 0.856 0.826 0.799 0.773 0.748 0.726 0.704 0.820 0.007
0.5 0967 0937 0908 0.881 0.855 0.831 0.809 0.787 0.767 0.747 0.849 0.005
0.6 0974 0948 0.925 0.902 0.880 0.860 0.840 0.821 0.803 0.786 0.874 0.004
0.7 0979 0958 0938 0.919 0.901 0.884 0.867 0.851 0.835 0.820 0.895 0.003
0.8 0983 0966 0950 0.934 0919 0904 0.890 0.876 0.863 0.850 0.914 0.002
0.9 0986 0972 0959 0946 0.934 0921 0910 0.898 0.887 0.876 0.929 0.001
1.0 0989 0978 0967 0.956 0.946 0.936 0.926 0916 0.907 0.897 0.942 0.001
Expectation 0.965 0.933 0904 0.877 0.852 0.829 0.807 0.787 0.768 0.750
Variance 0.000 0.002 0.003 0.005 0.006 0.008 0.009 0.011 0.012 0.014

The sensitivity analysis in Table 3 further validates Theorem 1. It shows that the
higher the initial market price of the class h asset is, the higher the carbon quota counter-
parties risk and the greater the volatility of the carbon quota counterparties risk will be,
and the latter is more sensitive to the initial market price of the asset. The higher the sen-
sitivity of a firm to the price of financial assets sold is, the lower the risk of carbon quota
counterparties and the smaller the volatility of the risk of carbon quota counterparties will
be, is the latter being less sensitive to the price sensitivity of a firm to the price of financial
assets sold. Thus, when the sensitivity of the firm to the price of selling financial assets
increases to a certain extent, the marginal benefit of the firm’s sensitivity to the price of
selling financial assets to the risk of the carbon quota counterparties does not change sig-
nificantly, which is consistent with the analysis in Figure 5.

Theorem 1 is further verified by the sensitivity analyses in Tables 4 and 5. The find-
ings indicate that the higher the corporate carbon performance is, the greater the carbon
quota counterparties risk and the larger the degree of fluctuation of the carbon quota
counterparties risk will be, with the latter being more sensitive to the corporate carbon
performance. The larger the proportion of rational investors in the market is, the smaller
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the risk of carbon quota counterparties will be, the smaller the degree of fluctuation of
carbon quota counterparties risk will be, and the less the sensitivity to the proportion of
rational investors in the market will be. The higher the contagion probability of credit risk
contagion of the carbon quota among firms is, the smaller the carbon quota counterparties
risk will be. When the proportion of rational investors in the market is small, the carbon
quota counterparties risk is more sensitive to the proportion of rational investors in the
market, and the degree of fluctuation is larger, which is consistent with the analysis in
Figure 7.

Theorems 2 and 3 are further verified by the sensitivity analyses in Tables 6 and 7.
The findings show that the higher the corporate carbon risk awareness is, the lower the
risk contagion probability of carbon quota counterparties will be. However, the volatility
of the carbon quota counterparties risk is not obvious, indicating that the risk contagion
probability of carbon quota counterparties is not significantly sensitive to the corporate
carbon risk awareness; this is because the factors which influence the risk of carbon quota
counterparties are complex and changeable, and the most important influencing factors
are policy uncertainty and the volatility of carbon asset trading prices, etc., while corpo-
rate carbon risk awareness mainly plays a role in avoiding corporate carbon counterpar-
ties risk, in addition to carbon risk awareness, carbon performance, financial performance,
and other factors which also affect corporate the carbon quota counterparties risk; the sin-
gle factor of firms has no significant impact on carbon quota counterparties risk, Which is
consistent with the analysis in Figure 9. When the corporate carbon performance is more
than 0, the greater the corporate carbon performance is, the greater the risk contagion
probability of the carbon quota counterparties will be, and the smaller the volatility of the
risk contagion of carbon quota counterparties and its sensitivity to the corporate carbon
performance will be, which is consistent with the analyses in Figures 10 and 12a. At the
same time, Tables 5 and 6 reflect that the change in the carbon quota trading price does
not make the probability of the risk contagion of carbon quota counterparties fluctuate
greatly, but the probability of the risk contagion of carbon quota counterparties is more
sensitive to the positive or negative total score of the interfirm assessment. These findings
are consistent with the analyses in Figures 9-12.

6. Conclusions

On the basis of the perspective of green finance, this paper analyzes the contagion
mechanism of the carbon quota counterparties risk, constructs a network contagion model
of the carbon quota counterparties risk with the help of complex network theory, and then
simulates and analyzes the evolution characteristics of the formation and contagion effects
of the carbon quota counterparties risk. Through theoretical analysis and simulation, the
following main conclusions are obtained:

(1) In terms of carbon quota counterparties risk, in the interfirm debt network, the
risk of carbon quota counterparties decreases with the increase in the price sensitivity of
firms to the sale of financial assets, the proportion of rational investors in financial mar-
kets, the probability of credit risk contagion of carbon quotas among firms, and the cumu-
lative proportion of assets sold. The rational investors in financial markets have the great-
est effect on the risk of carbon quota counterparties, followed by the price sensitivity of
firms to the sale of financial assets. The risk of carbon quota counterparties increases with
the increase in the corporate carbon performance, but its range of change is the smallest.
Therefore, for the government and other relevant regulatory authorities, the formulation
of counterparties risk prevention and control strategies for carbon quotas should focus on
controlling the information liquidity of the financial market, such as disclosing relevant
news through information sharing platforms and official media and reducing the impact
of information asymmetry in the market, so as to achieve the purpose of increasing the
proportion of rational investors in the financial market and enhancing the sensitivity of
firms to asset sale prices, and to effectively regulate the counterparties risk of carbon quo-
tas. For firms, formulating a counterparties risk prevention and control strategy for carbon
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allowances involves adopting multi-channel, multi-dimensional, and multi-party infor-
mation collection methods, classifying information according to the relevance of the in-
formation, and adding different attention to grasp and analyze market information, which
can effectively increase the rational decision-making of firms and enhance the sensitivity
of selling asset prices.

(2) In terms of carbon quota counterparties risk contagion, in the interfirm debt net-
work, the risk contagion probability of the carbon quota counterparties decreases with the
increase in carbon risk awareness and the trading price of carbon quota, and increases
with the increase in the corporate carbon performance and the total score of interfirm as-
sessment. The trading price of the carbon quota has the least influence on the risk conta-
gion probability of carbon quota counterparties. The corporate carbon risk awareness has
the greatest effect on the risk contagion probability of carbon quota counterparties. When
the total score of the interfirm assessment interacts with the carbon performance, the trad-
ing price of the carbon quota, and carbon risk awareness, it will not only change the trend
of the risk contagion probability of the carbon quota counterparties but also its range.
With the development of green and low-carbon, the impact of carbon performance change
on the risk contagion of carbon quota counterparties between firms becomes smaller.
Therefore, for the government and other relevant regulatory authorities, the strategy of
“one focus, two supervision” should be adopted when formulating strategies to prevent
and control the risk contagion of carbon quota counterparties, that is, focusing on culti-
vating firms’ awareness of carbon risks, such as strengthening green and low-carbon pub-
licity, increasing support for green projects, and establishing green and low-carbon typical
firms, as well as supervising the carbon trading price in the carbon trading market and
adjusting the carbon trading price in a timely manner through relevant carbon policies
such as quota ratios and carbon subsidies; at the same time, it supervises the carbon per-
formance of firms, formulates differentiated preferential policies according to carbon per-
formance, and encourages firms to reduce green emissions. For firms, when formulating
strategies to prevent and control the risk contagion of carbon quota counterparties, they
can adopt the prevention and control strategy of “one focus and one assessment,” that is,
identifying relevant knowledge and information about carbon risks through multiple in-
formation channels, absorbing and cultivating carbon talents at the same time, and coop-
erating with universities to carry out the training of carbon risk talents, focusing on im-
proving firms’ awareness of carbon risks, as well as strengthening the evaluation of car-
bon counterparties, setting up “asset-credit” dual-dimensional assessment of carbon
counterparties, and selecting firms with strong assets, high credit, and close business of
firms to cooperate.

The conclusions of this paper not only enrich the research results of interfirm debt
network and carbon quota risk contagion but also provide a theoretical reference for the
government and firms to formulate strategies to prevent and defuse carbon quota coun-
terparty risk and prevent and control the risk contagion of carbon quota counterparties.
However, this research has focused on carbon trading counterparty risk, carbon quota
only from carbon trading price, and the influence of the carbon tax on carbon trading. It
does not fully consider the effects of mixed policies on carbon trading and carbon taxes
on corporate behavior, carbon performance, carbon risk awareness, and other factors,
which will be the focus of future research.
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