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Electricity generation relies heavily on fossil fuels in China, and this has posed great
challenges for sustainable development. In 2015, China launched a new series of
power reforms, aimed primarily at sustainable development and building a competitive
power market system, where an information disclosure system plays an important
role. This paper analyzes the effects of sensitive information disclosure, constructs
different information disclosure scenarios, and compares the market clearing results
under different scenarios. The results show that information transparency is conducive to
the promotion of market efficiency. However, some problems, especially collusion, arise
and inevitably bring negative impacts to the power market. Therefore, more attention
should be paid to the content and quality of data transparency to avoid manipulations
in the market. The data of power systems are complex and various, and thus big data
applications may be conducive to effective information disclosure and better market
regulation. Moreover, disclosure delay will help the electricity market become more
transparent by reducing the risk of collusion. Besides, the information’s scope and
contents, timing should also be taken into consideration. These findings may provide
some references for the sustainable development of the electricity industry and have
certain policy implications for policymakers.

Keywords: sustainable development, electricity market, information, disclosure rules, collusion risk

INTRODUCTION

With the increasing development of the economy, the demand for energy sources increases
continually (Song et al., 2020). Sustainable and green development has become a major concern
for all industries worldwide (Rane and Thakker, 2019). Environmental pollution brought about by
massive fossil energy burning has posed great challenges for sustainable development (Song et al.,
2019). In China, coal is the most important element of electricity production and consumption
in response to energy endowment characterized by “rich in coal, poor in oil, and little in gas.”
The energy structure of electric power causes many environmental issues; however, the cost
of clean power is much higher than that of thermal power, leading to difficulties in power
supply structure adjustment (Xie and Zhao, 2018; Khan, 2020). Increasingly strict environmental
supervision and energy policy adjustment have put forward requirements for sustainable electricity
supply, while traditional power networks have been unable to meet these requirements. In the
era of big data, with the attention of the national power sector, the power industry is also
developing toward informatization. With the continuous improvement of the power grid, the
degree of integration of cloud technology and other emerging technologies with the power industry
is continuously strengthened, and data in the power industry has also witnessed a substantial
growth. Big data applications bring opportunities and challenges for the sustainable development
of the power industry.
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In 2015, China launched a new round of power reforms,
aimed primarily at sustainable development of the electricity
industry and building an “open, orderly, competitive, and
complete” power market system (Song and Cui, 2016; Liu et al.,
2019). To facilitate the implementation of this reform, a series
of supplementary actions have been taken, for example the
construction of an electric power trading center and eight pilots
for electric power spot transaction. The spot market is an
important part of the electricity market system, which plays a
fundamental supporting role in coordinating market transactions
and ensuring system security. With the advent of electricity
spot trading, the transaction mode has been changed and
transaction frequency has increased substantially. Consequently,
the electricity information system has become a necessity for the
electricity market.

In 2020, the National Energy Administration released a draft
regulation entitled “Measures for Information Disclosure in the
Electricity Spot Market,” which stipulates the principles, methods,
and contents of information disclosure. The electricity market is
complex, where the information disclosure mechanism plays an
important role in promoting market efficiency (Jin et al., 2020).
Power generators, retailers, grid enterprises, and consumers are
important participants in the electricity market. Thus, these
players are also the main subjects for information disclosure. The
foundation of ensuring effectiveness and enhancing competition
in the electricity market depends on the fulfilling of obligations
and responsibilities of market participants. The information
disclosure mechanism is also of immense significance for market
fairness and transparency as it reduces information asymmetry.

Information will be updated when it flows into the market.
The participants will act on this new information and make
decisions with more accurate analysis and prediction. Thus, high
quality electricity information is the basis that forms effective
pricing mechanisms. It is believed that the advanced information
disclosure regime will be conducive to increasing transparency,
improving market competition, reducing transaction costs, and
ensuring electricity security (Healy and Palepu, 2001; Hooper
et al., 2009; Delmas et al., 2010; Niefer, 2014).

Fairness, justice, and openness are the basic principles of
the electricity market, whereas severe information asymmetry
lies in the power sector which hinders the establishment of an
effective electricity market. The effective operation and market
development need to maintain a certain degree of transparency
for the discovery of market inequities and inefficiencies. At
present, the information system has not been fully explored,
though research on this topic has gradually increased since the
new electricity reform. It is worth noting that ways in which the
information disclosure system could be perfected is still being
explored in China.

Information in the electric power market can be divided into
public information, open information, and private information.
However, the electricity markets in China are still in their
infancy, with an information disclosure system where basic
trading information and practical operating conditions are the
main focus. With the development and perfection of the market,
more information could do with transparency, such as the
bidding strategies used by power generators. However, sometimes

problems will arise when sensitive information becomes open, for
example, tacit collusion. That is, frequent interaction of bidders
will increase their chances of transmitting information, and this
interaction also gives them more opportunities to learn how to
cooperate, which is particularly likely to lead to tacit collusion
between power generators.

As mentioned above, it is widely recognized that the
information disclosure mechanism plays an important role in the
electricity market. However, the study on information disclosure
is not enough, especially for the extent and quality of optimal
market data transparency in the context of new electricity reform
in China. Based on the game theory, this paper mainly focuses
on the effects of disclosing sensitive information, taking power
generators’ bidding data as an example, at the early stage of
market liberalization. How to use big data to further perfect the
information disclosure mechanism has also been discussed in
the era of big data. These findings may help to provide some
references for further development of information disclosure
systems and electricity reform.

This paper is organized as follows. Section “Literature Review”
reviews the related literature. Section “Model Description”
presents model constructs. In section “Model Analysis,”
we analyze and compare the optimal bidding strategies of
power generators under different scenarios. Section “Further
Discussion” discusses how to further perfect the information
disclosure mechanism with the help of big data application.
Section “Conclusions and Policy Implications” concludes.

LITERATURE REVIEW

The electricity industry has the characteristic of a natural
monopoly, which reaps a good deal of benefits and also results
in operational inefficiency (Peng and Tao, 2018). The electricity
market reform in China can be traced to the 1980s, while progress
was very slow until 2002 (Wang and Chen, 2012). In the 2002
reform, the state grid company was split into five generation
enterprises and two grid enterprises to break the monopoly,
aimed at improving the generation efficiency and sustainable
development of the electricity industry (Meng et al., 2016; Zeng
et al., 2016; Deng et al., 2018). However, there still exists some
problems in the electricity sector, for example, the regulated
price and weak competition between two grid companies (Yu,
2012). For the further development of the electricity sector, China
launched a new round of electricity reforms in 2015, mainly
focusing on the retail market (Lin and Purra, 2019; Lin et al.,
2019). More participants are encouraged to take part in the
electricity market to introduce the competition mechanism into
the sell side (Peng and Tao, 2018). The essence of this new reform
is to form a competitive mechanism and thus to reduce electricity
costs for other industries and improve operational efficiency
(Yao et al., 2019).

With further introduction of a competition mechanism, the
electricity trading system in China has been gradually perfected
and market efficiency has improved considerably (Meng et al.,
2016; Li et al., 2017). Regional electric power transaction markets
have been established in some provinces, such as Zhejiang and
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Guangdong. In today’s marketization trend for power industries,
information flow becomes particularly important. To be more
specific, the information disclosure mechanism is essential to the
efficiency and fairness of the whole power market (Yang et al.,
2018). Markard and Holt (2003) find that critical information
disclosure will help to improve competition in the electricity
market by increasing consumer’s ability to choose electricity
offerings. Darudi et al. (2015) quantitatively measure the impacts
of the transparency of bidding data of generating enterprises
on unilateral exercises of market power and short-term market
price. Their results on an actual market (Alberta) indicate that
inappropriate bidding disclosure may allow power generators
to increase price significantly, which in turn increases end user
consumers’ expenses. Brown et al. (2018) examine the role
of information transparency in Alberta’s wholesale electricity
market and find that certain firms would respond to rival offer
changes with a lag by using data on the bidding behavior
of firms. Yang et al. (2018) review the information disclosure
mechanism of several typical electricity markets and stress that
timely and precise information should be disclosed to the market
participants through a centralized and authorized information
disclosure mechanism. Jin et al. (2020) investigate and compare
the power retailers’ information disclosure strategies under new
electricity reforms in China and find that information non-
transparency will inevitably result in market inefficiency.

Some literature has also focused on information disclosure
and environmental performance and finds that mandatory
information disclosure may be a vital component for improving
the utilization of clean energy. For example, as stressed by
Boardman and Palmer (2007), electricity labels which provide
information about the source and the electricity environmental
effects are unique opportunities for consumers to transfer
suppliers to more sustainable sources of electricity. Delmas et al.
(2010) find that mandatory information disclosure programs
in the electricity market will achieve the targeted goals, which
lead to a reduction in the average proportion of fossil fuels
and increasing utilization of clean fuels. Bae and Yu (2018)
examine the relationship between mandatory disclosure and
states’ adoption of renewable energy policy, and they stress that
mandatory disclosure on fuel fix and greenhouse gas emissions
have significantly positive effects.

In the previous research, it is widely recognized that
information disclosure mechanisms play an important role
in operational efficiency in the electricity market. However,
information disclosure in some literature is sometimes referred
to as environmental disclosure and few studies have discussed
the extent and quality of optimal market data transparency
of China’s information disclosure mechanism under their new
electricity reforms. The information disclosure system is still in
its infancy, and thus this paper mainly focuses on the effects
of disclosing sensitive information, taking power generators’
bidding strategies for example, which are considered as private
information within the existing disclosure rules. Moreover, we
also discuss the feedback of “private information becoming open,”
and the way to perfect the information disclosure system with the
help of big data applications, in order to promote the sustainable
development of information disclosure and the whole industry.

MODEL DESCRIPTION

The electricity market is as complex as the product is
intangible. With the development of power markets and
electricity reformation, the information disclosure system will
be perfected. We adopt the game model that is often applied
to the analysis of market participants’ behavior. We assume
that there are two power generators in this market: firm 1 and
firm 2. The production cost of firm i (i ∈ {1, 2}) is assumed as
Ci = ai + bqi+0.5ciq2

i (a similar assumption could be seen in Liu
et al., 2019), where qi is the product quantity of firm i, ai is the
fixed costs, b and ci are parameters related to the variable cost.

According to the trading rules, the power generator quotes
the quantity and related prices to the trading center. However,
the consumers only declare their needs. We assume the market
demand is p = D− λ(q1 + q2), where D is the basic electricity
demand and λ is the sensitivity to the price. The pricing strategy
of firm i is assumed as qi = βi(pi − b), where βi is the parameter
for optimal pricing strategy. The market will be cleared in terms
of power generators’ bidding strategies and electricity demand.
After that, the market clearing price is decided and requirements
for firm i will be settled finally, which is qi = βi(P − b). When the
electricity market clears, there is Q = q1 + q2.

The revenue of firm i is πi(qi) = Pqi − Ci(qi), where P is
clearing pricing and Ci is production cost. What should be noted
is that power producers will decide their bidding strategies in
response to their rivals’ behavior. Under different information
disclosure mechanisms, the information obtained by power
producers is different, so the optimal bidding strategies also
differ, leading to various market clearing results. The notations
of variables are as shown in Table 1.

MODEL ANALYSIS

To compare bidding strategies of power generators under
different cases, we first formulate basic models with and without
full private information disclosure.

Information Disclosed (ID)
According to the trading rules, the trading center announces the
demand and requests each power generator to make a quotation.
It is assumed that private information is fully disclosed in this
scenario. The power generator formulates a quotation strategy

TABLE 1 | The notations of variables.

Notations Definition

P Market clearing price

q Production quantity

a Fixed costs

b Parameters related to the variable cost

c Wholesale price of the distributor

βi Parameter for optimal pricing strategy

D Basis of the electricity demand

λ Sensitivity to the price.
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in response to electricity demand and market information. After
the quotation, the market clearing price will be decided with
the balance of electricity supply and demand. Finally, the power
generators charge the market clearing prices and are settled with
respect to its quotation strategy.

When formulating bidding strategies, power generators will
determine optimal policy based on different market conditions,
comprehensively considering market information and the
behavior of competitors. That is, as the market is becoming
transparent, the power generators will choose to act on this new
information. Under this case, the pricing strategies of firm 1 and
firm 2 can be shown as q1 = β1(p− b) and q2 = β2(p− b). And
thus, we can obtain the market clearing price, which is a function
of power generators’ pricing parameters.

P =
D+ λβ1b+ λβ2b
λβ1 + λβ2 + 1

(1)

According to Eq. (1), the demand for firm 1 can be shown as
follows.

q1 = β1
D− λb

λβ1 + λβ2 + 1
(2)

And then, we can have the profit of firm 1.

max π1
β1

= (β1 − 0.5c1β
2
1)(

D− λb
λβ1 + λβ2 + 1

)2
− a1 (3)

The first order derivatives of πm with respective to β1 is expressed
as follows.

∂π1

∂β1
=

(D− λb)2

(λβ1 + λβ2 + 1)3 (−λβ1 + λβ2 + 1− λc1β1β2 − c1β1)

With some algebra, we can obtain the optimal pricing parameter
for firm 1.

β1 =
1+ λβ2

λ+ λc1β2 + c1
(4)

Similarly, the optimal pricing parameter for firm 2 is shown as
Eq. 5.

β2 =
1+ λβ1

λ+ λc2β1 + c2
(5)

Based on the analysis above, we find that the optimal pricing
strategies of power generation enterprises will meet the condition
of Eqs. 4, 5. By solving these two equations, the market clearing
prices and quantity can be settled. We will carry out simulation
analysis to prove this in the following part. Also, we have ∂P

∂βi
> 0,

∂qi
∂βi

< 0; this indicates that the higher optimal pricing parameter,
the higher the market clearing price and the lower the production
quantity, leading to low market efficiency.

No Information Disclosed (NID)
According to the pricing strategies of the power generators, the
relationship between the market clearing electricity price and the
quotation strategy can be obtained. However, the assumption of
full information disclosure cannot be satisfied in reality. When
the information is missing or the decision-making cost is too
high, the power generation company will ignore the influence of

the competitors. Therefore, we assume private information is not
disclosed in this part and discuss the consequences. In this case,
the optimal pricing parameter only concerns cost parameters and
price sensitivity. Hence, the pricing strategies for firm 1 and 2 are
shown as follows.

β1 =
1

λ+ c1
(6)

β2 =
1

λ+ c2
(7)

Accordingly, we can obtain the market clearing price and
production quantity.

P =
D+ λβ1b+ λβ2b
λβ1 + λβ2 + 1

(8)

q1 = β1
D− λb

λβ1 + λβ2 + 1
(9)

q2 = β2
D− λb

λβ1 + λβ2 + 1
(10)

Where β1 and β2 satisfy Eqs. 6, 7. Through comparison, we
can find that the market efficiency and social welfare have been
improved by information disclosure, with lower market clearing
price and higher production quantity.

The electricity market is similar to the ordinary trading market
to some extent, but it has certain particularities at the same
time. The entire market constitutes a system network of electrical
information trading. The importance of information is also
apparent. The key information mainly includes electricity supply
and demand, grid congestion, electricity price, load, etc. The
player in the market will act on the information disclosed by other
participants. Effective disclosure of the private information plays
a key role in improving market efficiency, reducing transaction
costs, and increasing electricity quantity.

Information Disclosed With Collusion
(IDC)
Collusion means that there is an explicit or implicit non-
competitive agreement between rivals to increase bid prices for
higher market prices (Esmaeili Aliabadi et al., 2016). In the
repeated quotation market, power generators have the motivation
to form a tacit collusion in order to avoid “price wars.” The
supplier can gain more with a high enough market clearing price,
though they end up selling less (Palacio, 2020). Disclosure of
quotation information will exacerbate the risk of collusion. Under
the case of tacit collusion, the total profits of firm 1 and firm 2 can
be shown as follows.

max π
β1,β2

= (β1 − 0.5c1β
2
1)

(
D− λb

λβ1 + λβ2 + 1

)2
− a1

+ (β2 − 0.5c2β
2
2)(

D− λb
λβ1 + λβ2 + 1

)2
− a2 (11)

Frontiers in Energy Research | www.frontiersin.org 4 March 2021 | Volume 9 | Article 655006

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/
https://www.frontiersin.org/journals/energy-research#articles


fenrg-09-655006 March 10, 2021 Time: 16:45 # 5

Jin et al. Information Disclosure in Electricity Market

We can obtain the first order derivatives of π with respective to
β1 and β2 which are shown as follows.

∂π

∂β1
=

(D− λb)2

(λβ1 + λβ2 + 1)3

(−λβ1 + λβ2 + 1− c1λβ1β2 − c1β1 + λc2β
2
2)

∂π

∂β2
=

(D− λb)2

(λβ1 + λβ2 + 1)3

(−λβ2 + λβ1 + 1− c2λβ1β2 − c2β2 + λc1β
2
1)

Using algebra, the optimal bidding strategy parameters of power
generators can be calculated. The optimal bidding strategies
would satisfy the following formula at equilibrium.

β1(λ+ λc1β2 + c1) = 1− λβ2 + λc2β
2
2 (12)

β2(λ+ λc2β1 + c2) = 1− λβ1 + λc1β
2
1 (13)

Information Disclosed With Time Delay
When it comes to the case that private information is
disclosed with time delay, the power market efficiency will be
improved inevitably. Disclosure delay combines the advantages
of information disclosed and no information disclosed while
improving the market transparency and avoiding the possibility
of tacit collusion at the same time. It can be inferred from the
ID and NID cases that when private information in the power
market is disclosed with time delay, power generators cannot
fully predict their rivals’ behavior but can make their decisions
based on the historical information which partially reflects the
market conditions. Therefore, we can draw the conclusion that
market efficiency will be greatly improved with disclosure delay.
We will explore how to prove this using model analysis in our
future research.

Simulation and Comparison
We assume that the production cost for power generators is as
shown in Table 2. The demand function is p = 500− 0.05Q.
Based on market demand and production costs, Table 3 presents
market clearing results under different scenarios. Case 1 shows
the scenario with complete information disclosure, while case 2
is the scenario when the information is missing and the power
generation company neglects the strategy of rival enterprises. In
addition, case 3 presents the scenario when there are collusions
among bidders in the electricity market.

By comparing, it is found that the clearing price is highest
under case 3, while the quantity is the lowest. Information
disclosure will make things better, resulting in a lower price and
higher quantity compared with case 2. In the case of collusion,
the profit of the manufacturer is greatly improved compared to

TABLE 2 | Cost parameters of power generators.

Firm C b a

1 0.21 150 1,000

2 0.24 150 900

TABLE 3 | Market clearing results under different scenarios.

Case 1 Case2 Case3

Price 215.14 217.06 243.22

Quantity Firm 1 258.03 257.91 265.90

Firm 2 231.22 231.23 221.94

Sum 489.24 489.15 487.84

Revenue Firm 1 881.77 931.05 1636.3

Firm 2 769.66 813.97 1382.8

Sum 1651.4 1745.0 3019.1

the case without collusion, thus there is a good reason to believe
that the power generation enterprises have strong collusion
motivations. However, the collusion between power generators
will result in the loss of social welfare and market inefficiency,
i.e., a higher price and lower quantity.

As mentioned above, the essence of electricity industry reform
is to reduce the energy costs for manufacturing and other
industries by introducing competition into this sector. Moreover,
the government has taken many measures to lower electricity
prices in recent years and will continue to explore ways to achieve
this goal (Yang and Faruqui, 2019). We find that the disclosure of
some sensitive information will improve the market operational
efficiency. However, some problems arise at the same time.
Collusion among players will inevitably have negative impacts on
fairness and efficiency.

Currently, the construction of the spot market is still at
an early stage, thus the required information which needs to
be disclosed is just basic information. With the progress of
marketization, there must be a better way to solve this dilemma.
Disclosure delay may help turn the electricity market into a more
transparent one by reducing the collusion risk. In addition to
the principles, methods, and contents of information disclosed,
timing also should be taken into consideration.

FURTHER DISCUSSION

As China’s economy steps into a new normal phase, its growth
has slowed down in recent years. The electricity industry, a
national fundamental industry, is of vital importance to the
sustainable development of the national economy. The essence
of China’s electricity reform is to improve operational efficiency
by introducing a competition mechanism, thus reducing energy
costs for other industries and finally boosting the economic
activities. To facilitate the implementation of the new reform
in 2015, a series of supplementary actions have been taken,
where the construction of an information disclosure system is of
vital importance.

Market information is necessary for players in the electricity
trading market to make decisions. A large amount of data will
be generated during power generation and consumption. An
adequate disclosure principle is essential to the perfection of
market mechanisms. Market operation is efficient only when the
decisions of participants are made with complete information.
Missing information or information asymmetry will lead to
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resource misallocation and market inefficiency, which do great
harm to both the developing market and future market. Under
the current system, the power grid enterprises are the main
links between power producers and end-consumers, which makes
the transaction price unable to reflect the market demand and
transmit effective signals to power generation enterprises and
investors correctly. The formation mechanism of the electricity
price and the corresponding process are hidden from consumers,
which leads to information asymmetry and is closely related to
resource allocation. Failure of information transmission would
increase the risk in market transactions, posing a big obstacle
to the construction of an “open, competitive, and orderly”
electricity market.

If the information disclosed is incomplete, for example,
information on the bidding strategies of rivals, then the
decision of power generators will not conform to the actual
situation, leading to higher market clearing prices and lower
production quantity, i.e., low social welfare. Information cost
is a major component of transaction cost which includes the
negotiation cost paid by the market participants due to the
lack of relevant information. Meanwhile, effective information is
also conducive for regulatory agencies to reduce corresponding
supervision costs.

Information unfairness is an obstacle to ensure the efficiency
of the electricity market. For example, a power generator can
obtain more information on supply, demand, price, and so on
to make its own decisions better. To sum up, the development
and perfection of the information disclosure mechanism has a
long-term impact on market efficiency and fairness. Therefore, it
is of great significance for the power market to perfect the current
information disclosure mechanism and improve the quality of
circulating information.

The power trading center platform and data service website
are the main platforms for power information disclosure.
However, the data of the power system is various and complex.
Different sources would make it more difficult for market
participants to obtain useful information. Thus, a unified
platform of information disclosure is needed. Moreover, big data
mining may be conducive to effective information disclosure and
better regulation.

Information can be divided into public information,
open information, and private information with the current
information disclosure rules. Private information is required
to be disclosed to specific players and regulators. Based on
the analysis above, we find that the disclosure of some private
information or sensitive information will improve the market
operational efficiency. On the other hand, the disclosure of
private information will also create some problems, for example,
collusion of generators’ quotations. Therefore, how to deal with
this private information is a problem that needs to be solved.
Information disclosure delay may be a better way to solve
this dilemma, which can refine information in the market and
reduce collusion risk at the same time. It should be stressed here
that electricity spot system and information disclosure system
are still in their infancy. Consequently, the improvement of
the electricity market and information disclosure timing are
worthy of our focus.

CONCLUSION AND POLICY
IMPLICATIONS

In recent years, China’s power industry has been moving
toward informatization and stepping into the “big data
era.” Power industry data is experiencing blowout growth.
The importance of data in the power industry has become
increasingly prominent. Based on the game theory, this paper
analyzes the effects of sensitive information disclosure and
compares the market clear results under different scenarios.
The results show that information transparency is conducive
to the promotion of market efficiency, i.e., lower market
clearing prices and higher production quantity. However, some
problems, for example, collusion, arise and will inevitably
have negative impacts. More attention should be paid to the
content and quality of data transparency to avoid manipulations
in the market. What’s more, disclosure delay may help
make the electricity market more transparent by reducing
the collusion risk. In addition to the scope and contents
of information disclosed, timing also should be taken into
consideration. These findings may provide some references for
the future development of information disclosure systems and
electricity reforms.

In summary, information transparency has a long-term
positive impact on market efficiency and fairness by reducing
information asymmetry. Therefore, improving the current
information disclosure mechanism is of great significance to
the power market. The power trading center platform and data
service website are the main platforms for power information
disclosure. Various sources may lead to difficulty in accessing
information. Thus, a unified platform of information disclosure
is urgently needed. And the main information disclosed by
electric power generation companies mainly includes basic
information, such as company name, equity status, unit
number, capacity, power generation business license, energy
consumption level, etc. The data of power systems are complex
and various; big data technology can effectively collect and
process massive amounts of power data and display them in
a centralized manner, so as to explore the value of the data
and provide guidance for related work. Therefore, big data
applications will be useful for effective information disclosure and
better regulation.

The theory of information disclosure is based on mature
markets, but China’s power market is still in its infancy.
In the initial stage, this market faces various unexpected
risks, thus, the smooth operation is currently the primary
goal. The basic electricity information may be enough as
some participants would unreasonably use the sensitive or
private information to form a conspiracy, damaging market
efficiency. To reduce operational risks caused by system
weakness, the information disclosed should meet the present
stage’s need. With the development and perfection of the
market, information disclosure by all market players must
be complete. For some sensitive information, disclosure delay
may be a better way to solve this dilemma, which can
refine market information and reduce collusion risk at the
same time.
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