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In the background of the Internet economy, a new type of intellectual 
property, namely, network intellectual property, has been born. It is 
based on the traditional intellectual property rights such as copyright and 
industrial property, and broadens the intellectual property rights in the 
network environment to include areas such as databases, multimedia, 
electronic copyrights and computer software. This not only greatly enriches 
the scope of intellectual property rights, but also intensifies the risk of 
intellectual property infringement. In the context of the network economy, 
intellectual property protection faces new challenges and requirements. 
It has also attracted great attention from countries and international 
intellectual property organisations. They have conducted in-depth studies 
on the problems faced by intellectual property rights in the era of network 
economy and actively sought effective solutions to establish a complete 
and systematic intellectual property rights protection system to alleviate 
the pressure on intellectual property rights protection brought about by 
the complexity of the situation. In the context of network economy, IP 
protection faces new challenges and requirements. This has also attracted 
great attention from national and international IP organisations. They 
have conducted in-depth studies on the problems faced by IP in the era 
of network economy and actively sought effective solutions to establish a 
complete and systematic IP protection system to alleviate the pressure of IP 
protection brought about by complex situations.
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1.Introduction

The leading force for social advancement lies in reform 
and innovation, and the core mode of operation of the mod-
ern scientific and technological revolution is embodied in the 
research and development and construction of intellectual 
property rights, while the main mode of transaction of the 
modern market economy is embodied in the trading and 
exchange of intellectual property rights in the context of 
globalisation.At the heart of the IP system is the exclusive 
right of the creator, which has had a significant impact on the 
knowledge economy, driving the geometric progression of 
the knowledge widespread dissemination and growth. It has 

also incentivised competitors to go beyond existing technol-
ogies to develop new fields at a higher level, and promoted 
the transformation of advanced technological achievements, 
thereby contributing to the development of social productiv-
ity. Therefore, the innovativeness of science and technology 
plays a decisive role in its progress, and this role is reflected 
in the fierce competition for IP development strategies in the 
context of the knowledge economy.

2.Overview of intellectual property rights on 
the Internet

Internet intellectual property (IP) is the results and 
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rights and interests in various fields based on the con-
stantly updated and applied Internet, which are created by 
the enterprises and individuals on the network platform 
through their own wisdom under the limitations of rele-
vant laws and regulations. Specifically, it can be under-
stood from three aspects: 

2.1 Internet property rights

This right and interest is virtual and includes a series 
of virtual commodities developed based on Internet tech-
nology, such as equipment, currencies and props related 
to online games. In fact, these products belong to a kind 
of service, and they are acquired by the Internet operator 
together with the organisation responsible for producing 
and researching the online game, so both teams own the 
corresponding rights and interests.

2.2 E-book property rights

The rights and interests of the subject who transforms 
the traditional IP through the Internet platform, and the 
most typical example is the copyright of the author who 
creates the e-book.

2.3 Other copyrights involving the Internet

Creators use part or all of the Internet technology when 
making and innovating products and works. These products 
or works, such as software, are not physical entities, and they 
need to rely on the Internet to survive. Thus, creators’ IP is 
also built on the proper functioning of the Internet. In fact, 
the coverage of Internet IP is extremely broad, including not 
only all kinds of physical and virtual information, products, 
works as well as services in the real world and on network 
platforms. The Internet is not only an environment, but also a 
technology and platform, etc [1]. Therefore, with the continuous 
development of the Internet, the related IP content will 
become richer and more complex.

3. The Positive Implications of Intellectual 
Property Protection on the Internet

To create a legal environment for fair competition 
and to improve China’s innovative power. In general, the 
maintenance of network IP is quite challenging, this is 
due to the complexity of network information, a little bit 
of small things may cause the whole situation to change, 
so the relevant laws and regulations are difficult to clarify, 
and even so far have not been formally implemented. At 
present, the problems of sharing information posted by 
others privately without their permission or even stealing 
their technology, which exist on the Internet, have still not 
been effectively solved. These difficulties will not only 

bring corresponding harm to individuals and the coun-
try, but also have a far-reaching impact on the country’s 
innovation ability. The wide openness and freedom of 
the Internet has led to the breeding and proliferation of 
problems such as piracy and plagiarism, and has made it 
less expensive to deal with. Especially when faced with 
high costs but not fully realised results, the cost of infring-
ing intellectual property rights and imposing penalties 
becomes negligible, which will seriously dampen the 
creators’ spirit and enthusiasm for innovation. Therefore, 
strengthening the protection of intellectual property rights 
on the Internet and cracking down on the infringement of 
others’ intellectual property rights through authoritative le-
gal means is a necessary condition for building a fair and 
healthy competitive environment on the Internet, as well 
as a necessary way to motivate enterprises and individuals 
to make sustained efforts and actively innovate. Promote 
the normative development of Internet operation and in-
dustry. Due to the defects of network services, it provides 
a good platform for IP violators. Therefore, enhancing the 
protection of network IP must rely on the optimisation and 
standardisation of network services, which will positively 
contribute to the overall progress of the network industry. 
First of all, strengthening the protection of network IP 
means that we need to regulate the Internet in all aspects 
at all levels, including legislation, judiciary and law en-
forcement, so that there are clear rules and legal bases for 
website operation operations, and that the development 
of website operations and the Internet industry can be 
restricted to a legal scope, thus reducing the incidence 
of IP infringement. From another perspective, analysing 
the negative incidents that have occurred on the Internet, 
including intellectual property infringement, can help us 
understand some of the specific problems that may arise 
in Internet operations. This helps website operators and 
Internet development entities to solve problems as early as 
possible according to relevant technical specifications and 
legal regulations, to improve the level of network opera-
tion and to promote the standardised development of the 
Internet industry.

4. Current Problems in Intellectual Property 
Protection

In the stage of planned economy, China did not estab-
lish the system of IP. However, with the advancement of 
reform and opening up, in order to meet the needs of eco-
nomic growth, China gradually learnt and introduced IP 
management institutions and legal systems from abroad, 
which enabled China to make obvious progress in the 
management and protection of IP. However, since China’s 
IP system was only just established in the early 1980s, 
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it still need to further improve the relevant system and 
management system. The penalties for IP violations were 
not strong enough. The problem of IP violation occurred 
frequently in the society. This was mainly because, due to 
the relatively low compensation standard set up by the le-
gal system of IP, it was impossible to punish it effectively. 
Due to territorial protectionism, the enforcement was not 
sufficient in all territories, leading to a simpler problem. 
The courts at the bottom were unable to deal with pat-
ent-related cases due to the IP’s regulatory authority and 
the state of the economy. At the same time, because IP 
regulations were not robust, there were some protections 
in the enforcement process that were contrary to our na-
tional environment, which had not been adopted by our 
domestic companies. 

5. Lacking Anti-monopoly Measures to Main-
tain Fair Competition in IP

The purpose of the IP system is to safeguard the specif-
ic rights and interests of IP holders, to authorise and dis-
close their technology in order to promote the execution of 
technological achievements and further innovations. The 
protection system of IP is a two-way street; on the one 
hand, appropriate protection can benefit IP owners, and on 
the other hand, over-protection may lead to technological 
monopoly [2]. However, China’s patent legal system has 
not yet formulated an anti-monopoly patent law, and there 
are no anti-monopoly restriction clauses implemented in 
the relevant legal system. In the face of global companies 
or large consortiums of enterprises using IP to control the 
global market, China has not taken the appropriate legal 
means to protect the development of domestic enterprises 
and the rights and interests of consumers. 

6. Lacking Coordination and Early Warning 
Mechanisms in IP Organisations 

The management and protection of IP involves all 
areas of the economy and society, including innovation, 
maintenance and use. However, due to human resource 
constraints, there is insufficient communication between 
IP management and enterprises, resulting in asymmetric 
information. From one perspective, companies are often at 
their wits’ end when they suffer from trade mark infringe-
ment or technical difficulties. In another perspective, due 
to the shortage of human resources in IP management 
organisations, it is difficult for them to have a comprehen-
sive grasp of the company’s specific situation, which is 
unfavourable to the mediation and disposal of the corre-
sponding matters. The failure of enterprises to pay enough 
attention to and take effective ways to deal with some 

international IP disputes has led to time delays or mishan-
dling, which in turn has brought losses to enterprises. The 
lack of national funds for patent protection has led to a 
serious shortage of talents for IP application. Often, local 
IP management organisations face a shortage of manpow-
er, funds and equipment due to restrictions imposed by 
national regulations. As financial management adopts two 
lines of income and two lines of expenditure, patent ap-
plication and examination fees need to be submitted to the 
central government. In practice, the funds for administra-
tive patent enforcement, which the IPO is responsible for 
administering, are borne by local finances. Local finances 
are constrained by the fact that central revenues and local 
expenditures are not at the same level. As a result, local 
governments regard IP departments as general admin-
istrative organisations and provide only the necessary 
administrative funds, unable to guarantee the expenditure 
of specialised costs for administrative enforcement. Al-
though some localities have paid sufficient attention to IP 
protection and implemented short-term ad hoc measures, 
such as regularly allocating a portion of funds for patent 
administrative enforcement, this has not built a systematic 
mechanism.

7. Exploration of the Analysis of the Solution 
Measures for the Protection of Intellectual 
Property Rights in the Era of Digital Economy

With regard to the infringement of intellectual prop-
erty rights on the Internet, the Government of China has 
attached great importance to the issue and formulated a 
series of laws and regulations to safeguard intellectual 
property rights on the Internet, and has already achieved 
some effectiveness. For example, on the basis of the Cop-
yright Law of the People’s Republic of China in 2001, the 
Measures for the Administrative Protection of Copyright 
on the Internet in 2005, and the Regulations on the Protec-
tion of the Right to Information Network Dissemination 
in 2006, the Tort Liability Section of the Civil Code has 
also provided the latest answers to IP-related issues. The 
establishment and implementation of all these laws and 
regulations have, to a certain extent, exerted their corre-
sponding influence. At present, China still needs to active-
ly promote the relevant legislative work in the legislative 
field, and is committed to constructing a comprehensive 
Internet intellectual property protection system, as well as 
formulating and improving the relevant legal system. First 
and foremost, the legislative department needs to exhaus-
tively stipulate the relevant penalty rules for IP infringe-
ment in the network environment, clarify the categories of 
infringement, and effectively distinguish infringement be-
haviours according to the current judicial practice, so as to 
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increase the amount of punitive damages. Next, the legis-
lature needs to learn from foreign legislation and continue 
to improve the international copyright protection, the use 
of copyright arising from the downloading and viewing 
of copyrighted works, and the reproduction rights arising 
from the digitisation of works, etc., and make clear de-
lineation of the relevant categories. Provide a path for the 
enforcement of the law. In the end, the staff in the legisla-
tive department need to actively refresh their IP legislative 
thinking to ensure that the legislative task of IP can be 
smoothly promoted and the current regulations adjusted 
according to the new changes in the Internet environment. 
In order to deal with the differences between the actual 
judicial operation and the situation in our country, or the 
more difficult problems encountered in the judicial opera-
tion, we need to modify the relevant laws and regulations, 
and we also need to interpret these principles with the 
help of the announcement of the judicial branch, so that 
the task of IP protection under the Internet environment 
can be closely integrated with the judicial operation in our 
country [3].

The original database function is to store and process 
information, collect some information and then process 
it according to a certain system to ensure that it is in or-
ders[4]. Although databases are also essentially a class 
of data products, their main advantage is that they have 
a greater investment in research and development and a 
lower estimated cost. Due to its unique attributes, database 
infringement is common. Especially in the network envi-
ronment, the transmission of information is very fast, and 
the release and collection of information show open qual-
ities; however, the interaction, transmission and storage 
of data are global and cross-regional in nature, so the IP 
protection of databases has gained great attention from all 
parties in the society[5]. We should attach great importance 
to the task of protecting databases, as it is a key resource 
whose easily copied qualities often give rise to corre-
sponding infringing behaviours. However, in the process 
of protection, reasonable regulations should be followed. 
If we simply protect the database without disclosing all 
the information in the database, the sharing function of 
the database will be hindered, and the phenomenon of 
database exclusivity will occur. Therefore, whether the 
protection is carried out blindly or avoided selectively, the 
compliance rights and interests of data creation may suffer 
losses, which may have a negative effect on the normal 
flow of information.

The first and foremost task of strengthening the pro-
tection of network intellectual property rights and the in-
novation of detection technology is to enhance the ability 
to examine data transmission to the Internet, so as to curb 

infringement at the source and take preventive measures. 
Next, technical support is provided for the enforcement 
tasks of judicial departments and network regulators, so 
as to effectively eliminate the infringement of network 
intellectual property rights, improve the enforcement ca-
pacity, shorten the time and reduce the cost of defending 
rights, and promote the protection of intellectual property 
rights. Technical means play a key role in the manage-
ment of Internet data resources and the protection of IP. 
There are various forms of network infringement and var-
ious technological crimes, therefore, both organisations 
providing data services and relevant management depart-
ments should make full use of data technology to protect 
themselves. For example, through the use of technologies 
such as firewalls, anti-copying, limiting the frequency of 
use, digital watermarking, encryption of information, and 
identity authentication, we can avoid illegal access to, 
misappropriation of, copying of, and tampering with cop-
yrighted works[6].

Relying on the functions of the legal department or 
DOJ alone is not enough to achieve effective management 
of intellectual property rights; the key lies in establishing 
a system of universal participation and the concept of re-
specting and protecting intellectual property rights in all 
aspects from a social perspective. If the public’s respect 
for intellectual property rights is higher, then more people 
in the society will be active in the protection of intellectual 
property rights. However, at present, China’s intellectual 
property law-making process is relatively backward, and 
many members of the public are unfamiliar with it, which 
makes it impossible for them to seek redress through 
judicial channels when they encounter infringing behav-
iours. In addition, many producers do not pay enough 
attention to the protection of intellectual property rights 
due to the lack of relevant legal knowledge, resulting in 
the infringement of others’ intellectual property rights in 
the production process. Therefore, China’s government 
needs to increase online publicity[7]. Through the creation 
of WeChat public number or official microblogging, etc., 
the intellectual property management department and the 
judicial department can regularly publicise intellectual 
property laws and regulations to ensure that the relevant 
legal knowledge is effectively disseminated. In addition, 
relevant agencies can use online media to publicise inci-
dents of intellectual property infringement in the online 
environment, so as to achieve its preventive and educa-
tional role[8].

8. Conclusion

In the current rapid advances in the Internet back-
ground, the creation of a standardised, effective and fair 
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IP protection system has become a key issue that needs to 
be faced in theoretical research and practical operation, IP 
protection system not only plays a key role in strengthen-
ing the maintenance and application of IP, but also has a 
profound impact on the process of China’s scientific and 
technological innovation, industrial innovation, and cul-
tural innovation, IP protection system plays a key role in 
enhancing the creation, protection and application of IP, 
and also has close links with China’s scientific and tech-
nological development, industrial renewal and cultural 
development, etc. IP protection system plays a key role in 
enhancing the creation, protection and application of IP, 
and also has close links with China’s scientific and techno-
logical development, industrial renewal and cultural pro-
gress. The IP protection system plays a key role not only 
in enhancing the creation, protection and application of 
IP, but also has a close connection with our country’s sci-
entific and technological development, industrial renewal, 
and cultural advancement and other fields. If IP cannot be 
properly protected from the perspective of the Internet, 
then it will certainly weaken the innovation enthusiasm 
of our public and adversely affect the development plan 
of our innovation path. Therefore, we need to improve 
the legal system of IP according to the IP infringement in 
the Internet environment in order to provide guidance for 
the conduct of judicial practice. At the same time, we also 
need to focus on the construction of a team of professional 
lawyers, enhance the effect of legal propaganda, create an 
excellent environment for all people to comply with the 
law, and promote the continuous reduction of IP infringe-
ment on the Internet.
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The optimization of organizational structure can promote the scientific 
development of enterprises and improve the efficiency of the leadership of 
corporate headquarters. Therefore, in the process of enterprise development, 
it should constantly play an important role in the organizational structure 
according to its own actual situation, and strengthen the effectiveness 
and practicality of strategic deployment in the process of enhancing the 
leadership of the headquarters, and play a good role in the communication 
of ideas, information transmission and spiritual implementation of the 
corporate headquarters. It can be seen that in the process of improving the 
leadership of corporate headquarters, the idea of corporate headquarters 
should be optimized and the organizational structure model should be 
adjusted based on the perspective of organizational structure. Based on 
the organizational structure, this paper explores the leadership promotion 
strategy of corporate headquarters, aiming to provide reference for the 
research of relevant personnel.
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1. Introduction

For enterprises, the headquarters is the core of the devel-
opment of large enterprise groups, so the leadership strength 
of the headquarters has positive significance for the strategic 
layout and development of enterprises. Therefore, on the 
basis of the structural adjustment of big cities and regions, 
in order to promote the economic level of enterprises, we 
should keep pace with The Times and continuously improve 
the leadership of corporate headquarters according to the 
needs of social development, so as to enhance the competi-
tiveness of enterprises themselves.

2. Overview of Organizational Structure

The organizational structure of the enterprise is the 
method of classifying and combining the various parts of 
the enterprise according to the work flow, business activ-
ities and geographical distribution, and the division and 
reporting of authority and responsibility. The difference of 
organizational structure leads to the problems and differ-
ences of information circulation, knowledge sharing and 
relationship coordination among enterprises. Enterprise 
architecture is a key link for enterprise information trans-
mission, enhancing enterprise awareness, controlling en-
terprise behavior, and improving enterprise performance [1].

mailto:kvbian@gmail.com
http://doi.org/10.26549/jfr.v8i1.16473
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3. Increase the Meaning of Leadership

Talent is the key to prosperity. The 20th report put for-
ward the strategy of strengthening the country by talents, 
insisting that talents are the first resource. For enterprises, 
in the process of operation and management, the impor-
tance of talent management should be emphasized. To 
improve the leadership level of enterprises can not only 
effectively improve their core competitiveness, but also 
promote the planning of new patterns of enterprises, so 
that enterprises can occupy a favorable position in the 
fierce market competition [2]. Improving the leadership of 
the corporate headquarters can promote the high-quality 
development of the enterprise, actively adjust its structure 
in the face of risks and challenges, and bravely and active-
ly seize opportunities in the management process, promote 
the reform of the leadership structure organization, and 
improve the development system of the enterprise accord-
ing to the leadership development ladder model (Figure 1), 
so as to meet the development needs of the enterprise at 
different stages.

4. Leadership Promotion Strategies of Cor-
porate Headquarters from the Perspective of 
Organizational Structure

Objectives and strategies are the core content of organ-
izational structure design, and in the actual development 
process, static organization and dynamic behavior should 
be adjusted to promote the realization of the established 
goals. Meanwhile, when the enterprise is large, it can also 
be divided into different regional organizations or business 
divisions (Table 1), so as to promote the highly special-
ized operation and management of enterprise sub-units[3]. 
For different industries, different strengths of enterprises, 
and the focus of enterprise development, structural adjust-
ment should be properly carried out to promote the op-
eration of each structure to better enhance the leadership 
of the headquarters, so in the design of the organizational 
structure of the headquarters group, attention should be 
paid to the rapid flow of information to ensure the scien-
tific organizational structure, so that the overall operation 
efficiency of the enterprise can be improved.

Figure 1: Ladder model of leadership development.

Table 1: Enterprise organizational structure model and improvement direction.

Organizational 
Structure Model

Functional + Regional
Functional + 
Divisional

Functional + Regional + 
Divisional

Functional + Regional 
+ Matrix

Functional + Divisional 
+ Matrix

Primary design variable
Objectives and strategic 

authority levels

Objectives and 
strategic authority 

levels

Organization size 
specialization

Formalizing the 
hierarchy of authority

Efficiency and 
effectiveness of the 

external environment

Main feature

The setting of regional 
subsidiary departments 
is basically the same as 
that of the headquarters

The organizational 
structure design 

matches the 
enterprise strategy

Coordination and 
matching between 

specialized departments 
and regional departments

Teamwork at the end 
of the business chain

Cross-boundary 
coordination and 

cooperation within and 
outside the organization

To improve the 
headquarters 

leadership as the goal 
of the direction of 

improvement

Clearly define the terms 
of reference of each 

functional department;
Establish a horizontal 

communication platform

Business division 
of labor;

Establish bottom-
up feedback 
mechanisms

Enhance the 
professionalization and 

regularization of leading 
departments;

Strengthen horizontal 
collaboration

Establishing a 
temporary liaison 

department;
Develop team system 
document template

Unifying organizational 
objectives;

Additional industry 
research office or related 

full-time positions

http://doi.org/10.26549/jfr.v8i1.16473
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4.1 Combine the Ideological Structure Dimension

In the process of improving the leadership ability of 
the headquarters and strengthening the work functions 
of the staff, management communication training should 
be carried out constantly based on the strategic devel-
opment goals and needs of the enterprise, to strengthen 
the professionalism of the staff, and to properly organize 
internal and external relations and capabilities[4]. At the 
same time, according to the forefront development trend 
of the industry, clarify the current enterprise development 
environment, introduce and develop the strategic policy to 
promote the development of enterprises, so as to promote 
the transformation and upgrading of enterprises in the new 
era.

4.2 Combine Functional and Regional Structure

First, the authority of the headquarters and various 
functional departments is clearly defined in the organi-
zational structure. In order to improve the guiding role 
of the group headquarters in the work of middle-level 
leaders and strengthen the leadership of the headquarters, 
it is possible to set up a liaison department of lower-level 
agencies with clear authority in the headquarters. The 
head of the department can be a senior manager with more 
corporate information, and a special person can be set up 
to transfer daily information to the headquarters. At the 
same time, headquarters contact points have been set up 
in each department, and designated special personnel to 
contact each department and report daily news. Through 
effective communication, it is ensured that the corporate 
headquarters can effectively communicate with the lead-
ers of lower-level enterprises[5].

Second, to build a horizontal communication platform 
for the subordinate enterprises in each region, to facilitate 
the information exchange within the enterprise. For the 
organizational structure of an enterprise, the transmission 
of information is of great significance to the effective 
construction of the structure and the smooth progress of 
the work. If the work of the upper and lower departments 
is not timely and effectively connected in the process of 
the work, or the opinions are not communicated, and the 
information needs of the staff members are not met, or. In 
the current organizational structure of large enterprises, 
there is no platform for horizontal communication, which 
leads to the division of labor and narrow vision among 
different departments, thus reducing the overall interests 
of enterprises. In order to solve this problem, it is neces-
sary to strengthen the horizontal information exchange 
platform, promote the information exchange and sharing 
between departments, improve the overall concept and 

standard concept of enterprises in various regions, and 
maximize the profits of corporate headquarters through 
the actions of enterprises.

4.3 Combine Functional and Divisional Structure

First, with the development strategy of enterprises, the 
organizational structure of enterprises has also changed. 
For example, in the process of development, state-owned 
enterprises should implement the Party’s principles and 
policies into their own development goals and behavioral 
strategies. In order to implement the strategic plan of the 
corporate headquarters, subordinate departments should 
be asked to transform the goals of the corporate headquar-
ters into corporate goals and strategic measures, and a 
regular communication mechanism should be established 
to communicate with the headquarters on corporate devel-
opment strategies and other aspects [6].

Second, there is a specialized division of labor in busi-
ness management. Professional division of labor is to bet-
ter achieve the purpose, to maximize the overall interests 
of the enterprise, so as to improve the competitiveness 
of the enterprise and internal force. For enterprises in in-
dustries with more clear division of labor characteristics, 
special positions can be set up to carry out daily informa-
tion exchanges with lower-level enterprises, and strive to 
prevent the problem of unequal dialogue between “ex-
perts” and “laymen”, to prevent “laymen” from driving 
the development of “experts”, thereby affecting enterprise 
management and improving the management level of low-
er-level enterprises at the headquarters.

Third, build a bottom-up feedback mechanism to en-
hance organizational resilience. A bottom-up feedback 
system can be set up within lower-level enterprises to lis-
ten to the opinions of various departments and employees. 
In particular, some of the enterprises with more enterpris-
es and a wide business distribution, the market competi-
tion in each business is not the same, and, as a subordinate 
enterprise at the forefront of the market, its competition in 
the market is the most clear, so the headquarters needs to 
carefully listen to the opinions of lower-level enterprises, 
so as not to make mistakes in their own judgment, thus 
affecting the development of the enterprise.

4.4 Combine Functional, Divisional and Regional 
Structure

First of all, improve the business level of each enter-
prise and improve the overall control degree of the enter-
prise headquarters. At the same time, it has a divisional 
and regional organizational structure, so that the operation 
and regional division of the enterprise are interlaced, 

http://doi.org/10.26549/jfr.v8i1.16473


9

Journal of Finance Research | Volume 08 | Issue 01 | April 2024

Distributed under creative commons license 4.0 DOI: http://doi.org/10.26549/jfr.v8i1.16473

forming a network. It not only has the same operation 
mode with regional organizations, but also differs from 
divisional systems, which is because of the optimal com-
bination of enterprise management and geography, so the 
operation and control of enterprises become more diffi-
cult. In order to better achieve this goal, it is necessary to 
improve the internal organizational structure of the enter-
prise, carry out special job division, improve the standard-
ization of the enterprise, so that the corporate headquarters 
can better play their own leadership, and then achieve the 
overall control of the overall command goal.

Secondly, strengthen the cooperation between enter-
prises to prevent competition between enterprises and 
effectively allocate. Enterprises in different regions are 
not completely independent in their operation, and when 
facing the same customer base, internal cooperation of-
ten turns into external competition. Due to the disorderly 
competition in the market, it has caused the excessive 
consumption of production capacity and the problem of 
unreasonable allocation of resources of enterprises, thus 
reducing the competitiveness of enterprises. In order to 
effectively avoid the occurrence of such a situation, it is 
necessary to strengthen the horizontal cooperation be-
tween various regions and various business units, and im-
plement the unified leadership and overall control of the 
group headquarters.

4.5 Combine Function, Region and Matrix Structure

First, set up an upward contact department within the 
project team, and maintain good contact with the cor-
porate headquarters. Under the matrix structure, many 
employees work in different places and cannot participate 
in various activities held by the enterprise. After a long 
time, employees will feel a sense of alienation. Therefore, 
the existing network and digital information technology 
can be used to enhance the participation of local staff and 
enhance their identity with their subordinate enterprises 
through online and offline means.

Second, develop the project team system document 
template. The design idea of the matrix organization is 
that all the full-time work is combined according to the 
needs, which is undertaken by special people with high 
professionalism. However, it also faces some problems, 
such as loose team structure and low level of normali-
zation. In order to effectively avoid such problems, the 
project team system document template can be established 
at the enterprise level, and the detailed content of some 
documents can be added according to the actual needs, so 
as to generate a set of standardized work description, pro-
cedure description, work system specification and other 
book information.

4.6 Combine Function, Division and Matrix Structure

First of all, strengthen horizontal communication, so 
that the purpose of the enterprise to achieve consistency. 
The organizational form of matrix structure can help var-
ious departments and even the whole enterprise to carry 
out horizontal communication, but this kind of commu-
nication is more scattered, and the result of communica-
tion depends on the participants in the communication. 
Communication is a prerequisite for collaborative work, 
and only through good communication can the two sides 
achieve effective collaborative work, thus promoting the 
overall goal of the enterprise. In addition, in the project 
team, external personnel are occasionally introduced in 
order to better coordinate and communicate the work, 
which makes the communication within the team more 
complicated. In order to effectively solve this problem, 
horizontal communication should be carried out so that 
the existing problems can be solved, so as to improve the 
level of communication and exchange.

Secondly, by establishing international and domestic 
industrial development laboratories, enterprises can im-
prove their adaptability to the external environment. In or-
der to better cope with the changing external environment, 
enterprises must actively learn and study the external and 
internal environment in the development of the industry, 
and think about the future development. Therefore, do-
mestic and foreign industrial development research offices 
or independent industry research institutes can be set up in 
the headquarters of enterprises to study the development 
of enterprises from a broader perspective, so as to better 
improve the comprehensive competitiveness and competi-
tiveness of enterprises.

Finally, the scale and level of the enterprise are scientif-
ically planned and designed to achieve a win-win situation 
of benefits and benefits. The industry coverage of “func-
tional + divisional + matrix” organization is relatively ex-
tensive, and many enterprises carry out irrelevant opera-
tions based on associative diversification, which increases 
the difficulty of vertical management and horizontal coor-
dination of enterprises. If this problem is not solved, the 
organization model of the core business must be properly 
regulated to avoid the development of enterprises from 
the needs and rules of the industry. At the same time, the 
Internet communication technology is also increasing.

5. Conclusion

To sum up, organizational structure plays a significant 
role in information transmission, awareness strengthening 
and action control of enterprises. In order to better pro-
mote the rational allocation of resources and the effective 
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framework of internal structure during the operation of en-
terprises, the leadership of corporate headquarters should 
be promoted on this basis, and the ideological structure 
should be optimized for different organizations. Improve 
the various structural forms, so that the leadership of the 
headquarters of the enterprise can be comprehensively 
improved, so that the enterprise organization is more 
strategic, and the development of the industry and social 
development needs.
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This paper explores the significant impact of the Ukraine conflict on 
local food security, employing a robust methodological framework that 
integrates Propensity Score Matching (PSM) and Difference-in-Differences 
(DiD) estimation, supplemented by placebo tests and the synthetic control 
method. By examining panel data from 2014 to 2022, the study reveals 
a causal relationship between the conflict and a notable deterioration 
in Ukraine’s food security index. The conflict, characterized by direct 
damages to agricultural production and infrastructure, alongside indirect 
economic and social disruptions, has led to a substantial decline in food 
security. This research contributes to understanding the dynamics of 
how war affects food security and provides actionable insights for policy 
formulation and response strategies to mitigate such impacts in similar 
conflict scenarios. Through a comprehensive analysis, it highlights the 
urgent need for international cooperation and humanitarian aid to address 
the challenges posed to food security by the war, emphasizing the broader 
implications for global food markets and prices.
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1. Introduction

The core importance of food security lies in its funda-
mental impact on the quality of human life. Food security 
is not just about nutritional adequacy but is also the foun-
dation of health and well-being. In 2021, approximately 
139 million people globally were in a state of food crisis 
or severe insecurity, with war and instability being the pri-
mary driving [1]. Against this backdrop, the outbreak of the 
war in Ukraine has not only caused a local humanitarian 
disaster but also posed a severe challenge to global food 
security.

The full-scale military invasion of Ukraine by Russia 
on February 24, 2022, resulted in civilian casualties and 
damage to key infrastructure, followed by extensive sanc-

tions imposed on Russia by Western countries. The direct 
consequences of this war are not only a humanitarian cri-
sis in Ukraine but also shocks to the global food and ener-
gy markets, particularly with prices remaining high until 
the end of 2024, further threatening global food security [2].

The outbreak of the war has exacerbated global con-
cerns about food security. Ukraine and Russia, serving as 
the “breadbasket of the world,” play significant roles in 
the global food and fertilizer industry. Both countries are 
major producers and exporters of agricultural products, 
minerals, fertilizers, and energy, with their resources be-
ing rich and typically concentrated in a few countries [3]. 
Therefore, the war in Ukraine has had a significant impact 
on the global food market and prices, especially against 
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the backdrop of supply chain disruptions caused by the 
COVID-19 pandemic, strong global demand, droughts, 
and poor harvests in South America [3].

Four months after the outbreak of the war, Ukraine’s 
exports came to a halt, and future harvests became uncer-
tain, leading to soaring global agricultural product prices 
and potentially plunging millions into hunger and pover-
ty. Price increases and trade disruptions could also limit 
the supply of humanitarian aid for the prevention and 
treatment of acute malnutrition, increasing the number of 
malnourished individuals. The World Food Programme 
estimates that the number of people facing severe hunger 
will increase by 47 million compared to the pre-war base-
line, with 323 million people expected to face severe food 
insecurity in 2022 [4]. The World Bank estimates that for 
every percentage point increase in food prices, 10 million 
people are pushed into severe poverty [5]

The purpose of this study is to investigate the direct im-
pact of the war in Ukraine on local food security. Employ-
ing the PSM-DID method, combined with placebo tests 
and the synthetic control method for robustness checks 
of regression results, this study aims to reveal the causal 
relationship between the war and the local food security 
index in Ukraine. Through this approach, the specific im-
pact of the war on food security in Ukraine can be more 
accurately determined, providing policy recommendations 
and response strategies for similar conflicts that may oc-
cur in the future.

2. Literature review

The direct impacts of war on food security are profound, 
with the most noticeable being disruptions to the harvesting 
and transportation of agricultural products, directly affect-
ing staple supply and prices. The war has compromised 
Ukraine’s ability to transport agricultural products both do-
mestically and internationally, especially when port facilities 
and railways are damaged [6]. In fact, the war has caused a 
disruption to 95% of Ukraine’s grain exports, primarily corn, 
especially during spring and early summer. Due to the lack 
of an effective railway system, even though alternative trans-
portation routes, such as exporting through Poland or Roma-
nia, are feasible, these paths face many challenges, such as 
differing railway gauges and limited storage capacity. Ad-
ditionally, increased insurance costs in the Black Sea region 
further exacerbate transportation costs, affecting food import 
prices [7].

The war has also made it impossible for Ukrainian 
farmers to farm normally, with conscription and displace-
ment causing labor shortages, thereby affecting agricul-
tural activities. The lack of key agricultural inputs, such 
as fertilizers, exacerbates this issue, potentially disrupting 

ongoing spring planting and the upcoming winter crop 
harvests. According to the Food and Agriculture Organi-
zation, by 2022, up to a third of crops and farmland may 
be unharvested or unfarmed [8].

On the other hand, the economic sanctions against 
Russia create uncertainty for Russian exports. While Rus-
sia’s Black Sea ports remain temporarily open, financial 
sanctions have led to currency depreciation, which could 
hinder productivity and development, and ultimately raise 
the costs of agricultural output. Moreover, Russia’s re-
strictions on exporting agricultural products and food to 
non-”friendly” countries will exacerbate global food sup-
ply shortages, raise prices, and weaken the food security 
of hundreds of millions [9].

The indirect effects of the Ukraine war cannot be over-
looked either. First, the rise in prices of basic inputs, such 
as fertilizers, leads many farmers globally to switch to 
crops with lower fertilizer requirements, like soybeans, 
which may exacerbate the supply shortages of high ferti-
lizer-demand crops like wheat and corn [1]. Second, many 
countries have implemented export restrictions to ensure 
local food supply, which, although may be effective in the 
short term, could have profound effects on global food 
pricing and security in the long term. Moreover, panic 
buying behaviors at the national and individual levels, 
especially during the COVID-19 pandemic, indicate high 
levels of concern for food security during crises [8].

The war could also affect the economy’s ability to ac-
cess food, especially against the backdrop of the global 
economy impacted by the COVID-19 pandemic. This 
could lead to an increase in the costs of food and energy, 
disproportionately affecting the poor and middle class. 
The rise in international prices affects those dependent on 
grain [9].

An important aspect when discussing the impact of 
the Ukraine war on food security is the consideration of 
endogeneity issues. In recent years, food security and its 
consequences have garnered widespread attention, with 
research primarily focused on the conceptual understand-
ing of food insecurity, such as insufficient dietary energy 
supply and malnutrition, and how to mitigate these issues. 
Additionally, researchers and practitioners have begun to 
explore the impact of food insecurity on conflict, a rela-
tively new but crucial field [10].

Food security issues vary across regions and societies, 
influenced by the type, intensity, and income levels of 
armed conflicts. Its impacts stem from multiple levels, 
including the nutritional and economic opportunities at 
the individual and household levels, which may directly 
affect the likelihood of engaging in antisocial behaviors 
(Briones Alonso, Cockx, and Swinnen, 2018). Moreover, 
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more macro-level factors, such as global food prices, pol-
icies, and wartime institutions, markets, governance, and 
climate conditions domestically and locally, also have sig-
nificant impacts [11].

Especially at the individual level, food insecurity or its 
threat may stimulate material and immaterial motivations, 
prompting individuals to engage in antisocial behaviors. 
However, due to the complexity of motivations and the 
lack of empirical evidence, it is challenging to measure 
precisely. These motivations are often complex and diffi-
cult to measure empirically, and the presence of alterna-
tive mechanisms not directly associated with food inse-
curity (such as kidnapping, peer pressure, ideology, and 
sentiment) makes it difficult to distinguish empirically.

Charles P. Martin-Shields and Wolfgang Stojetz in 
2019 [12] researched the causal relationship between food 
security and conflict, finding robust quantitative evidence 
of a bidirectional relationship between food security and 
violent conflict, which explains the endogeneity issues. 
They summarized existing evidence and identified limita-
tions in both directions: (i) the impact of violent conflict 
on food insecurity; and (ii) the impact of food insecurity 
on violent conflict as discussed in section 3.3. They uti-
lized the Russia-Ukraine conflict as an exogenous shock, 
effectively mitigating the bidirectional

3. Data and methodology
This paper employs the Difference-in-Differences 

(DiD) estimation method, referenced from Card and Krue-
ger (2000) [13], to compare changes in the food security 
index over time between matched treatment and control 
groups, while considering both time and individual fixed 
effects. This approach helps isolate the causal impact of 
the Ukraine war on food security, controlling for both 
observable and unobservable confounding factors. The 
model is specified as follows:
Yit =β0 + β1 * Warit + β2 * Treati + β3 + Postt + β4 * Xit + 
αi + rt + εit

Where Yit represents the food security score of coun-
try i at time t. Food security, the dependent variable in 
this study, is a multidimensional and flexible concept 
with multiple definitions. This paper adopts the defini-
tion proposed by the Food and Agriculture Organization 
(FAO) in 1996 and revised in 2001: “Food security ex-
ists when all people, at all times, have physical, social, 
and economic access to sufficient, safe, and nutritious 
food to meet their dietary needs and food preferences for 
an active and healthy life” [13]. To measure food security, 
this paper utilizes the food security index data from The 
Economist Intelligence Unit, which covers aspects such 
as affordability, availability, quality and safety, sustaina-

bility, and adaptability.
Warit represents the interaction term for the treatment 

group (Ukraine) and the post-treatment period (after 
2022). Treat_iis a binary variable indicating Ukraine (1 
for Ukraine, 0 for others). Postt is a binary variable for the 
period after 2022. Xit includes control variables such as 
GDP, consumption, savings, secondary industry develop-
ment, inflation CPI, the index of economic freedom, pop-
ulation, and arable land area. αi and rt represent country 
and year fixed effects, respectively. εit is the error term.

The index of economic freedom is calculated using the 
Principal Component Analysis (PCA) method, based on 
sub-indices such as property rights, integrity, fiscal free-
dom, government spending, business freedom, labor free-
dom, monetary freedom, trade freedom, investment free-
dom, and financial freedom. Data for all control variables 
are sourced from the United Nations Statistics Division, 
the World Bank database, and the International Monetary 
Fund database.

To further reduce endogeneity issues, this study com-
bines the use of Propensity Score Matching (PSM) and 
DiD estimation. PSM matches Ukraine with other coun-
tries that have not experienced war, based on observable 
covariates such as GDP, consumption, savings, and sec-
ondary industry development, helping to reduce biases 
that may arise from unobserved differences between the 
treatment and control groups [14]. By matching countries 
that are similar in these characteristics, PSM helps to re-
duce bias.

The original dataset includes samples from 141 sover-
eign countries from 2014-2022. Given that war conflicts 
and food security are highly correlated with national 
characteristics, prone to selection bias, this paper matches 
control group firms closest to Ukraine in national char-
acteristics using the Propensity Score Matching method 
to avoid the impact of selection bias on the accuracy of 
causal inference. Specifically, this study uses GDP and 
population as covariates, estimates propensity scores 
through logistic regression, and employs nearest neighbor 
matching to match each treated unit with 8 untreated units 
with similar propensity scores, constructing a comparable 
control group (Leuven & Sianesi, 2018). A caliper value 
of 0.05 is set to limit the difference in propensity score 
values between the control and treatment group samples. 
The matching results passed the balance test proposed 
by Rosenbaum and Rubin (1985). Figures 1 and 2 show 
the control group countries are essentially the same as 
Ukraine after matching.

Descriptive statistics are reported table 1 below, with 
the score being log-transformed. The mean and median 
are relatively close, indicating a normal distribution.
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4. Results

The results presented in the first column in table 2 il-
lustrate the average impact of the Ukraine war on local 
food security in Ukraine, showing a significant decline in 
food security with a regression coefficient of -0.337 at the 
1% significance level. This indicates that food security in 
Ukraine has significantly deteriorated following the war. 
The second column, which includes control variables on 
top of the first column’s model, shows a regression result 
of -0.263, significant at the 1% level. Columns three and 
four, which regress using robust standard errors on the ba-

sis of previous models, maintain consistency with the first 
and second columns, indicating a certain robustness in the 
regression results.

From an economic perspective, these results clearly 
demonstrate the destructive impact of war on a country’s 
food security. Particularly for Ukraine, the war has not 
only directly affected its agricultural production capaci-
ty but may also exacerbate food security issues through 
indirect means such as infrastructure damage, economic 
turmoil, and social instability. Therefore, policy measures 
and aid during and after the war are crucial for mitigating 
these negative impacts.

            

                       Figure 1. Before matching                                                                 Figure 2. After matching

Table 1. Descriptive Statistic

Variable Name Obs Mean Median Min Max SD

score 50 4.050 4.032 3.525 4.406 0.196

treat 50 0.160 0.000 0.000 1.000 0.370

post 50 0.100 0.000 0.000 1.000 0.303

War 50 0.020 0.000 0.000 1.000 0.141

GDP 50 24.841 24.893 21.802 28.121 1.880

consumption 50 0.766 0.763 0.428 1.061 0.125

saving 50 0.004 0.002 -0.010 0.021 0.006

secondary 50 3.957 3.587 1.667 7.630 1.560

InflationCPI 50 9.329 5.023 4.473 23.163 7.089

EconFreeIndex 50 4.058 4.124 3.845 4.196 0.100

Population 50 1.250 1.255 0.870 1.675 0.220

AgrArea 50 12.981 13.019 12.497 13.019 0.107
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5. Robustness Check

To further verify the robustness of the experimental 
results and address endogeneity issues, this paper employs 
three methods: parallel trend tests, placebo tests, and syn-
thetic control methods to further examine the robustness 
of the regression results.

5.1 Parallel Trend Test

The parallel trend assumption is a prerequisite for em-
ploying DID in empirical papers. The target variable for 
both the treatment and control groups before the policy 
implementation (pre-treatment) must satisfy the parallel 
trend assumption for DID to be applicable. Conversely, if 
there are pre-existing differences between the treatment 

and control groups before the policy, the DID results may 
not represent the net effect of the policy, as other factors 
could influence the changes in the dependent variable. 
Therefore, a parallel trend test is conducted first.

Figure 3 is a time trend graph showing that before the 
start of the Russia-Ukraine war (2022), the food security 
index trends of both the treatment and control groups were 
generally consistent and upward. However, during the two 
years of 2022, the directions of the target variable changes 
for the two groups diverged. Ukraine experienced a sharp 
decline after the war, while the synthetic control group 
continued an upward trend. Thus, it can be preliminarily 
judged that the parallel trend assumption before the Rus-
sia-Ukraine war is basically satisfied, and the difference in 
trend lines after 2022 is likely caused by the war. Howev-

Table 2. Baseline regression

(1) (2) (3) (4)

score score score score

War -0.337*** -0.263** -0.337*** -0.263**

(-4.704) (-2.306) (-6.658) (-2.515)

treat 0.220*** 1.177 0.220*** 1.177

(3.273) (1.589) (3.570) (1.306)

post 0.000 0.167** 0.000 0.167*

(.) (2.238) (.) (1.911)

GDP 0.007 0.007

(0.047) (0.033)

consumption -1.378* -1.378

(-2.019) (-1.401)

saving -3.949 -3.949

(-1.189) (-0.791)

secondary 0.067 0.067

(1.399) (1.588)

InflationCPI 0.138 0.138

(1.002) (0.889)

EconFreeIndex -0.022 -0.022

(-0.089) (-0.071)

Population 0.001 0.001

(0.380) (0.296)

AgrArea 0.000 0.000

(.) (.)

_cons 3.765*** 1.154 3.765*** 1.154

(50.523) (0.292) (53.272) (0.240)

Year FE Yes Yes Yes Yes

Country FE Yes Yes Yes Yes

N 50 50 50 50

r2_a 0.914 0.909 0.914 0.909

t statistics in parentheses
* p < 0.1, ** p < 0.05, *** p < 0.01
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er, this conclusion is not robust and requires further exam-
ination of the dynamic effects between the two groups.

Figure 3. Parallel trend test

Figure 4 is a dynamic effect test graph, where the verti-
cal capped short lines perpendicular to the horizontal axis 
represent the 95% confidence intervals of the regression 
coefficients of the interaction terms with the treatment 
group dummy variable for each period. Before period 0 
(2022), the pre-war coefficients are not significant (the 
95% confidence intervals do not cross the coefficient = 0 
horizontal line), whereas the coefficients after the war are 
generally significant.

Figure 4. Dynamic effect test

5.2 Placebo Test

The placebo test, following the approach of Xu Si et al. ,  
is employed to rule out the influence of time trends and 
ensure that the deterioration in food security is not due to 
local policies or other random factors, but rather a con-
sequence of the war. To exclude this potential possibility, 
the study randomly selects individuals as the treatment 
group and repeats this process 100 times to test whether 
the coefficients of the “pseudo-policy dummy variables” 
are significant. The graph displays the distribution of the 
100 “pseudo-policy dummy variable” estimation coeffi-

cients and their corresponding p-values, where the x-axis 
represents the t-values of the regression of the construct-
ed pseudo-experimental group dummy variable on food 
security, the y-axis represents density values, and the 
curve is the kernel density distribution of the estimated-
coefficients. The red dots represent the p-values of the 
estimated coefficients, the vertical dashed line represents 
the real estimated value of the DID model (-0.171), and 
the horizontal dashed line represents the significance level 
of 0.1. From the graph, it is evident that the estimated co-
efficients are mostly concentrated around zero, with most 
of the estimated values having p-values greater than 0.1 
(not significant at the 10% level). This indicates that the 
estimation results are unlikely to be obtained by chance 
and are thus unlikely to be influenced by other policies or 
random factors.

This placebo test provides robust evidence supporting 
the validity of the original findings by demonstrating that 
the observed effects on food security are indeed attrib-
utable to the impact of the war, rather than being driven 
by other time-varying unobserved confounders. This 
strengthens the argument that the war has had a significant 
negative effect on food security in Ukraine, reinforcing 
the need for targeted policy interventions and support to 
address these challenges.

Figure 5. Placebo test

5.3 Synthetic Control Method

To further validate the results of this study, we em-
ployed the Synthetic Control Method (SCM) proposed by 
Abadie and Gardeazabal (2003) [15] for the final robustness 
check. Using the original sample of 141 sovereign coun-
tries and further selecting samples that did not experience 
war from 2014 to 2022, we chose a set of control units 
from countries that were not affected by war interven-
tion. Then, through a data-driven approach, weights were 
assigned to these control units to construct a “synthetic 
Ukraine.” This synthetic Ukraine’s pre-war characteristics 
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are as similar as possible to the real Ukraine, but it did 
not undergo the same policy changes during and after the 
war. The graph shows the food security trend of synthetic 
Ukraine compared to Ukraine, with the dashed line repre-
senting synthetic Ukraine closely following the trend of 
Ukraine. However, after the outbreak of the war in 2022, 
the food security of synthetic Ukraine declined, but not as 
severely as in Ukraine. This method reduces errors from 
subjective selection and effectively avoids endogeneity 
issues in policy. It allows us to simulate the target entity 
(i.e., Ukraine) before policy implementation through the 
weighting of multiple control units. This not only clearly 
reflects each control entity’s contribution to constructing 
the “counterfactual” scenario but also avoids the problem 
of excessive extrapolation.

Figure 6. SCM

6. Conclusion

This study, using panel data from 2014 to 2022 years, 
delves into the direct impact of the war in Ukraine on 
local food security, revealing the causal relationship 
between the war and Ukraine’s food security index. By 
integrating the Propensity Score Matching (PSM) and Dif-
ference-in-Differences (DiD) estimation methods, along 
with placebo tests and the synthetic control method for 
robustness checks, this research offers a new perspective 
on how war affects food security and proposes policy rec-
ommendations and response strategies for similar conflicts 
that may occur in the future [16].

The findings indicate that the war in Ukraine has had 
a significant negative impact on its food security, with a 
significant decline in the food security index by 0.3. This 
finding is not only statistically significant but also carries 
important economic implications. The war has directly 
destroyed agricultural production and infrastructure and 
indirectly caused economic turmoil and social instability, 
further weakening food security.

The methodological framework employed in this study 
provides an effective tool for quantifying and analyzing 
the impact of similar international conflicts on food secu-

rity. With the PSM-DiD method, we were able to construct 
a comparable control group, effectively reducing bias 
from unobserved differences. Moreover, by conducting 
parallel trend tests, placebo tests, and applying the syn-
thetic control method, the results of this study demonstrate 
good robustness, adding credibility to our conclusions.

However, this study has limitations. First, it only cov-
ers the short-term impact of one year after the war. This 
may limit the statistical power of the analysis and increase 
the risk of Type II errors (false negatives). Secondly, due 
to the limited time range of the data, this paper does not 
provide an analysis of the long-term effects of the war on 
Ukraine’s food security. Future research could explore this 
area further for a more comprehensive understanding of 
the long-term impacts of war.

Finally, this study emphasizes that mitigating the neg-
ative impacts of war on food security requires the col-
lective efforts of the international community, including 
providing humanitarian aid, improving agricultural pro-
duction conditions, and enhancing international coopera-
tion. These efforts are crucial for securing food security in 
war-torn regions and globally. We hope this research can 
provide reference for understanding and responding to the 
impacts of similar conflicts on food security in the future, 
and promote the development of more effective policies 
and strategies.

References

[1]	 T. Ben Hassen and H. El Bilali, ‘Impacts of the Rus-
sia-Ukraine War on Global Food Security: Towards 
More Sustainable and Resilient Food Systems?’, 
Foods, vol. 11, no. 15, Art. no. 15, Jan. 2022, doi: 
10.3390/foods11152301.

[2]	 ‘Ukraine: Civilian Deaths from Cluster Muni-
tions | Human Rights Watch’. Accessed: Feb. 08, 
2024. [Online]. Available: https://www.hrw.org/
news/2023/07/06/ukraine-civilian-deaths-cluster-mu-
nitions

[3]	 OECD, OECD Economic Outlook, Interim Re-
port March 2022: Economic and Social Impacts 
and Policy Implications of the War in Ukraine. 
in OECD Economic Outlook. OECD, 2022. doi: 
10.1787/4181d61b-en.

[4]	 WFP, ‘War in Ukraine Drives Global Food Crisis’. 
World Food Programme Rome, Italy, 2022.

[5]	 ‘Remarks by World Bank Group President David 
Malpass to the U.S. Treasury’s Event on “Tackling 
Food Insecurity: The Challenge and Call to Action”’, 
World Bank. Accessed: Feb. 08, 2024. [Online]. 
Available: https://www.worldbank.org/en/news/
speech/2022/04/19/remarks-by-world-bank-group-

http://doi.org/10.26549/jfr.v8i1.16890
http://10.3390/foods11152301
https://www.hrw.org/news/2023/07/06/ukraine-civilian-deaths-cluster-munitions
https://www.hrw.org/news/2023/07/06/ukraine-civilian-deaths-cluster-munitions
https://www.hrw.org/news/2023/07/06/ukraine-civilian-deaths-cluster-munitions
http://10.1787/4181d61b-en
https://www.worldbank.org/en/news/speech/2022/04/19/remarks-by-world-bank-group-president-david-malpass-to-the-u-s-treasury-s-event-on-tackling-food-insecurity-the-challeng
https://www.worldbank.org/en/news/speech/2022/04/19/remarks-by-world-bank-group-president-david-malpass-to-the-u-s-treasury-s-event-on-tackling-food-insecurity-the-challeng


18

Journal of Finance Research | Volume 08 | Issue 01 | April 2024

Distributed under creative commons license 4.0 DOI: http://doi.org/10.26549/jfr.v8i1.16890

president-david-malpass-to-the-u-s-treasury-s-event-
on-tackling-food-insecurity-the-challeng

[6]	 R. E. Mbah and D. F. Wasum, ‘Russian-Ukraine 
2022 War: A review of the economic impact of Rus-
sian-Ukraine crisis on the USA, UK, Canada, and 
Europe’, Advances in Social Sciences Research Jour-
nal, vol. 9, no. 3, pp. 144–153, 2022.

[7]	 Beirut Lebanon, ‘War in Ukraine will lead to a record 
of about 126 million poor in the Arab region’, United 
Nations Economic and Social Commission for West-
ern Asia. Accessed: Feb. 08, 2024. [Online]. Avail-
able: http://www.unescwa.org/news/war-ukraine-
will-lead-record-about-126-million-poor-arab-region

[8]	 C. Arndt, X. Diao, P. Dorosh, K. Pauw, and J. Thur-
low, ‘The Ukraine war and rising commodity prices: 
Implications for developing countries’, Glob Food 
Sec, vol. 36, p. 100680, Mar. 2023, doi: 10.1016/
j.gfs.2023.100680.

[9]	 N. Yazbeck, R. Mansour, H. Salame, N. B. Chahine, 
and M. Hoteit, ‘The Ukraine-Russia War Is Deep-
ening Food Insecurity, Unhealthy Dietary Patterns 
and the Lack of Dietary Diversity in Lebanon: Prev-
alence, Correlates and Findings from a National 
Cross-Sectional Study’, Nutrients, vol. 14, no. 17, p. 
3504, Aug. 2022, doi: 10.3390/nu14173504.

[10]	E. Briones Alonso, L. Cockx, and J. Swinnen, 
‘Culture and food security’, Global Food Securi-

ty, vol. 17, pp. 113–127, Jun. 2018, doi: 10.1016/
j.gfs.2018.02.002.

[11]	Simon Maxwell, ‘Food security: a post-modern per-
spective - ScienceDirect’. Accessed: Feb. 08, 2024. 
[Online]. Available: https://www.sciencedirect.com/
science/article/pii/0306919295000747

[12]	D. Card and A. B. Krueger, ‘Minimum Wages and 
Employment: A Case Study of the Fast-Food Indus-
try in New Jersey and Pennsylvania: Reply’, Ameri-
can Economic Review, vol. 90, no. 5, pp. 1397–1420, 
Dec. 2000, doi: 10.1257/aer.90.5.1397.

[13]	FAO, ‘Declaration on world food security’, World 
Food Summit. FAO Rome, Italy, 1996.

[14]	A. Abadie and J. Gardeazabal, ‘The economic costs 
of conflict: A case study of the Basque Country’, 
American economic review, vol. 93, no. 1, pp. 113–
132, 2003.

[15]	Koren, O., Bagozzi, B.E. From global to local, food 
insecurity is associated with contemporary armed 
conflicts. Food Sec. 8, 999–1010 (2016). https://doi.
org/10.1007/s12571-016-0610-x

[16]	Heckman, J. J., Ichimura, H., & Todd, P. E. (1997). 
Matching as an Econometric Evaluation Estima-
tor: Evidence from Evaluating a Job Training Pro-
gramme. The Review of Economic Studies, 64(4), 
605–654. https://doi.org/10.2307/2971733

http://doi.org/10.26549/jfr.v8i1.16890
https://www.worldbank.org/en/news/speech/2022/04/19/remarks-by-world-bank-group-president-david-malpass-to-the-u-s-treasury-s-event-on-tackling-food-insecurity-the-challeng
https://www.worldbank.org/en/news/speech/2022/04/19/remarks-by-world-bank-group-president-david-malpass-to-the-u-s-treasury-s-event-on-tackling-food-insecurity-the-challeng
http://www.unescwa.org/news/war-ukraine-will-lead-record-about-126-million-poor-arab-region
http://www.unescwa.org/news/war-ukraine-will-lead-record-about-126-million-poor-arab-region
http://10.1016/j.gfs.2023.100680
http://10.1016/j.gfs.2023.100680
http://10.3390/nu14173504
http://10.1016/j.gfs.2018.02.002
http://10.1016/j.gfs.2018.02.002
https://www.sciencedirect.com/science/article/pii/0306919295000747
https://www.sciencedirect.com/science/article/pii/0306919295000747
http://10.1257/aer.90.5.1397
https://doi.org/10.1007/s12571-016-0610-x
https://doi.org/10.1007/s12571-016-0610-x
https://doi.org/10.2307/2971733


19

https://ojs.s-p.sg/index.php/jfr
Journal of Finance Research

DOI: Distributed under creative commons license 4.0

 | April 2024| Volume 08 | Issue 01Journal of Finance Research 

*Corresponding Author:
Shiqing Xie,
associate professor, Ph. D. supervisor, Department of Finance, School of Economics, Peking University, and Ph. D. of the University 
of Maryland, USA; 
Email: sxie@pku.edu.cn

DOI: http://doi.org/10.26549/jfr.v8i1.18636

An Empirical Study of Factors Affecting Sudden Deteriorations in 
Performance of Newly Listed Companies in China

Shiqing Xie1*   Jieqi Liu2

1. Department of Finance, School of Economics, Peking University, Beijing, 100871, China,
2. Analyst, Headquarters of Bank of China, Beijing, 100818, China

ARTICLE INFO ABSTRACT

Article history
Received: 

Using the three Jones models, this paper analyzes earnings management 
in newly listed  companies  in  China.  We  find  that  the  use  of  earnings  
management  practices  is prevalent among firms in China and these 
practices increase the possibility of a sudden deterioration  in  performance  
(SDP)  for  the  firm.  The  characteristics  of  the   firm’s underwriter 
or sponsor also significantly impact on the possibility of a SDP. Finally, 
we find that the financial data of newly listed companies are not good 
indicators of a SDP.

Keywords:
Sudden Deterioration in Performance 

Earnings Management
Underwriter 

Sponsor

1. Introduction

Since the re-launch of initial public offerings (IPOs) 
in 2009, newly listed companies on China’s stock mar-
ket are increasingly likely to see a quick reversal in their 
performance in the first year after their IPO. By newly 
listed companies, we are referring to companies listed for 
less than one year. Statistics show that the proportion of 
newly listed companies that see a sudden deterioration in 
their performance was 15.15% in 2009, but this increased 
substantially to 41.84% in 2010. A sudden deterioration 
in performance, hereinafter referred to as a SDP, is often 
regarded as one of the factors that cause high volatility in 
newly listed companies’ stock prices.

Most of the studies on  SDPs of newly listed compa-
nies are associated with the issue of earnings manage-
ment. Chaney and Lewis (1998) find that the performance 
of a newly listed company is positively related to income 

smoothing practices before an IPO. Teoh et al. (1998) find 
that there is a trend of enhancing income through adjust-
ing provision and depreciation policy. Aharony (2000) 
also finds that there is deliberate earnings management in 
companies undertaking an IPO. Since  the SDP phenom-
enon in newly listed companies has only recently become 
prominent in the stock market in China, there are few 
studies that tackle this issue.

This paper contributes to the existing literature in 
two ways. First, this paper, to our knowledge, is the first 
to comprehensively analyze the factors affecting SDPs 
of newly listed companies in China’s stock market. By 
employing the three Jones models, we find that earnings 
management is still widespread. This increases the pos-
sibility of a SDP. Second, we include the characteristics  
of a firm’s underwriter or sponsor in the SDP model and  
find  that these characteristics have a significant impact on 
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a SDP.

2. The Models

2.1 Earnings Management Models

Since earnings management is one of the factors af-
fecting SDPs of newly listed companies, we utilize an  
overall accrual model to measure a company’s earnings  
management practices. Healy (1985) divides accounting 
earnings (Earnings) into operating cash flow (CFO) and 
total accrued surplus (TA), Earnings = CFO + TA . TA  can 
be divided further into discretionary accruals (DA) and 
non-discretionary accruals (NDA), where TA = DA + NDA. 
DA is the degree to which earnings management  occurs. 
Since DA is unobservable, the overall accrual  model ob-
tains DA by calculating NDA using the following three 
Jones models:

(1)The Jones Model

(1)
OPi,t is the operating profit of firm i at time t, CFOi ,t is 

the cash flow of firm i at time t, Asseti,t -1 is the total assets 
of firm i  at time t-1, ΔSalesi ,t is the change in the main 
business income of firm i between time t and t-1, and 
PPEi ,t is the fixed assets of firm i at time t.

From this we can obtain NDAi ,t by substituting the esti-
mated coefficients of Equation (1) into Equation (2):

(2)
Equation (3) showshow DAi ,t is calculated. This can 

then be used as a proxy for the use of earnings manage-
ment in firms:

(3)
(2) The Modified Jones Model
Dechow et al. (1995) construct the modified Jones mod-

el by adding the change in accounts receivable, ΔAREi ,t ,  
and subtracting the change in main business income,  
ΔSalesi ,t , from the original Jones model. This is shown in 
Equation (4) below:

(4)
(3) The Extended Modified Jones Model
By adding the summation of intangible assets and other  

long-term assets, IAi ,t , to the modified Jones model, Lu 
(1999) constructs the following extended modified Jones 
model:

(5)

2.2 Sudden Deterioration in Performance Model 
(SDP Model)

Based on the above earnings management models, we 
establish the following SDP model to analyze the impact of a 
number of factors on SDPs of newly listed companies:
SDP = α0 + α1INDG + β1NETM + β2 ASTT + β3EQTM + 
β4 SALG +Y1FCAP +Y2 CXSA +Y3UDWN +Y4UDWF + 
δDA+ ε

(6)
Since the dependent variable, SDP, is a discrete param-

eter, Equation (6) is a discrete choice model (DCM). As  
for the independent variables, we conclude that several  
factors with four categories affect SDPs of newly listed 
companies. We show this in Table 1 below.

Table 1. Factors Affecting a Sudden Deterioration in Performance (SDP)

Category Variables Definitions and Calculating Methods

Macro-industy factor INDG Industry sales revenue growth (quarter growth)

Performance factors

NETM
ASTT
EQTM
SALG

Sales margin (net income divided by sales revenue)

Asset turnover (sales revenue divided by total assets)

Equity multiplier (total assets divided by equity)

Sales growth rate (compound annual growth rate of sales before IPO)

Financing factors

FCAP
CXSA
UDWN
UDWF

Size of the financing
Asset level of underwriting agencies

Absolute number of underwriting business
Average expense

Financial manipulation factor DA Discretionary accruals earnings (residuals of Modified Jones model)
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3. Analysis of Earnings Management

The data is from the Wind Financial Database and 
the sample period extends from the date IPOs were re-
launched in 2009 to the end of 2012. In our study, we 
adopt the three Jones models to examine earnings man-
agement in newly listed companies, the regression results 
of which are shown in Table 2. The value in brackets is 
the p-value of the estimated coefficients. The regression 
results show that the three Jones models ’ explanatory 
powers are quite low. This means that DA has a greater 

impact on the dependent variable.
Their t-test results which determine the earnings man-

agement are reported in Table 3. These results show that 
all of the mean residuals of DA are significant at the 5% 
level. Thus, we believe that earnings management is 
prevalent in newly listed companies in China. Since the 
modified Jones model has the smallest standard deviation, 
we use the regression residuals of this model to reflect the 
level of usage of earnings management practices in the 
SDP model.

Table 2. Regression Results of the Three Jones Models

Variable Jones Model Modified Jones Model Extended Modified Jones Model

1/Asset
5201041 7843204 7774594

(0.0000) (0.0000) (0.0000)

Sales/Asset
0.1394 - -

(0.0000) - -

PPE/Asset
-0.0502 -0.0396 -0.0418

(0.0002) (0.0042) (0.0083)

(Sales-ARE)/Asset
- 0.1080 0.1077

- (0.0000) (0.0000)

IA/Asset
- - 0.0167

- - (0.7683)

R-squared 0.1338 0.0668 0.0669

Adjusted R-squared 0.1318 0.0646 0.0636

Table 3. T-tests of Mean DA

Test of Hypothesis: Mean=0.0000

                       Model                                             Jones Model                                 Modified  Jones  Model                 Extended Jones Model

                Mean                                                  0.0098                                                 0.0124                                                 0.0123

Standard Deviation 0.1170 0.1213 0.1213

t-statistics 2.4726 3.0175 2.9709

Prob. 0.0136 0.0026 0.0031

4. Factors Affecting a Sudden Deterioration in 
Performance

Table 4 reports the estimated results of Equation (6) 
using Probit and Logit regressions, respectively.  The  
estimated  coefficients  display  consistent  signs,  which  
indicate  that  model selection does not have a significant 
impact on the regression results. Most of them in the 
two regressions are not significant, with the exception of 
CXSA, UDWF, UDWN , and DA.

Therefore, we establish the following SDP model by 
excluding the insignificant variables:

SDP = θ0  + θ1CXSA + θ2 UDWF + θ3UDWN +wDA+ ε
(7)

Table 5 reports the regression results, using Probit and 
Logit regressions, for Equation (7). The regression results 
show that all the estimated coefficients are significant at 
the 90% level. It is  worth noting that these four variables 
are from the financing and financial manipulation cate-
gories, which means that the features of a firm’s earnings 
management practices and the characteristics of  a firm’s 
underwriter or sponsor all significantly impact on SDPs of 
newly listed companies.
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The negative estimated coefficient on CXSA indicates 
that the stronger the comprehensive strength of the  spon-
sor, the smaller the possibility of a SDP. Strong sponsors 
tend to be more rigorous in their underwriting processes, 
thus the companies tend to be more reliable and less prone 
to short-term deteriorations in performance. In addition, 
the estimated coefficient on UDWN is positive, which 
indicates that the more IPO business underwriters have,  
the greater the possibility of a SDP. This means that if 
sponsors have a large amount of IPO business, they are 
more likely to underwrite bad quality companies. Finally, 
the estimated coefficient on UDWF is positive, which in-
dicates that the higher the underwriting fee charged by un-
derwriters, the greater the possibility of a SDP. This could 
be because the higher the underwriting fees companies 
pay, the more likely underwriters or sponsors are to add 
excessive packaging on IPO companies.

The coefficient on the earnings management proxy, 
DA, is positive, which means that the more earnings man-
agement conducted, the bigger the possibility of a SDP.  

Before an IPO, companies have strong incentives to con-
duct financial packaging through earnings management 
practices in order to ensure the success of an IPO. After 
the IPO has been completed, newly listed companies may 
lose the motivation for further manipulation of earnings.

5. Conclusion

In this paper, we conduct an empirical analysis of the 
factors affecting SDPs of newly listed companies and 
have the following three main conclusions:

First, the use of earnings management is very common 
in the financial year prior to an IPO. In fact, the greater 
the use of earnings management practices, the higher the 
possibility of a SDP. Moreover, the new regulatory spec-
ifications on how to report companies’ financial data in-
troduced for the re-launch of IPOs in 2009 clearly did not 
have a significant impact as there have been no improve-
ments in the validity or reliability of firm’s financial data 
since the IPO re-launch.

Second, the characteristics of a sponsor also have a 

Table 4. Regression Results Using Probit and Logit Models

Variable
Probit Model Logit Model

Coefficient Std.Error z-Statistic Prob. Coefficient Std.Error z-Statistic Prob.

C -1.747 0.789 -2.216 0.027 -2.954 1.343 -2.199 0.028

INDG -0.005 0.006 -0.752 0.452 -0.009 0.011 -0.783 0.433

NETM 0.384 0.746 0.515 0.606 0.652 1.276 0.511 0.609

ASTT -0.099 0.136 -0.726 0.468 -0.152 0.231 -0.655 0.512

EQTM -0.001 0.021 -0.045 0.964 -0.001 0.033 -0.033 0.974

SALG -0.293 0.204 -1.437 0.151 -0.522 0.381 -1.372 0.170

FCAP 0.000 0.000 -0.557 0.577 0.000 0.000 -0.519 0.604

CXSA -0.840 0.263 -3.192 0.001 -1.412 0.456 -3.098 0.002

UDWN 0.005 0.003 2.024 0.043 0.009 0.004 2.047 0.041

UDWF 0.000 0.000 1.883 0.060 0.000 0.000 1.898 0.058

DA 0.808 0.342 2.364 0.018 1.298 0.567 2.288 0.022

McF. R2
LR statistic LR 

Prob.
0.030  20.869 0.035 0.029  20.413 0.040

Table 5. Regression Results Using Probit and Logit Models

Variable
Probit Model Logit Model

Coefficient Std.Error z-Statistic Prob. Coefficient Std.Error z-Statistic Prob.

C -0.932 0.195 -4.779 0.000 -1.536 0.331 -4.640 0.000

CXSA -0.795 0.258 -3.076 0.002 -1.355 0.450 -3.009 0.003

UDWF 0.000 0.000 1.804 0.071 0.000 0.000 1.833 0.067

UDWN 0.005 0.002 1.959 0.050 0.008 0.004 1.986 0.047

DA 0.681 0.331 2.058 0.040 1.088 0.547 1.988 0.047

McF. R2
LRstatistic 

LRProb
0.022  15.470 0.004 0.022  15.163 0.004
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significant impact on SDPs of newly listed firms. In the 
regression results from our SDP model, all of the three 
factors associated with underwriters or sponsors are sig-
nificant, which indicates that underwriters or sponsors 
may be involved in the process of financial packaging for 
the firms they are underwriting.

Finally, our results indicate that the financial data of 
listed companies are not good indicators for predicting a 
SDP. Factors reflecting companies ’ performance do not 
significantly increase the possibility of a SDP. As a result, 
the information disclosed by companies undertaking an 
IPO cannot genuinely reflect their operating profits or 
risks.
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Extreme mortality bonds (EMBs), which can transfer the extreme mortality 
risks confronted by life insurance companies into the capital market, 
refer to the bonds whose nominal values or coupons are associated with 
mortality index. This paper first provides the expected value of mortality 
index based on the double exponential jump diffusion (DEJD) model 
under the risk-neutral measure; then derives the pricing models of the 
EMBs with principal reimbursement non-cumulative and cumulative 
threshold respectively; finally simulates the bond prices and conducts a 
parameter sensitivity analysis. This paper finds that the jump and direction 
characteristics of mortality index have significant impacts on the accuracy 
of the EMB pricing.
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1. Introduction

Extreme mortality risk is derived from the situation 
that the actual mortality rate confronted by life insurance 
companies is higher than predicted when underwriting the 
policies. Traditional measures of dealing with the extreme 
mortality risk include using economic capital to absorb 
actual losses, selling policies to spread the risk, raising 
policy rates to transfer costs, and using reinsurance to 
mitigate risk. However, all these four traditional measures 
have their own limitations. Therefore, life insurance secu-
ritization has been utilized to transfer the extreme mortal-
ity risk to the capital market. In 2003, Swiss Reinsurance 
initiated to apply the method of life insurance securiti-
zation to successfully issue the EMBs whose underlying 

assets are life insurance policies. Since then, life insurance 
companies and the academia have been bringing out con-
tinuous innovations on the EMBs.

Researches on the EMBs are mainly concentrated in 
the following three aspects: first, in terms of operational 
mechanism, Cowley and Cummins (2005), Blake et al. 
(2006a; 2006b; 2006c), Cairns et al. (2006) and Chen and 
Cox (2009) study the Vita series EMBs issued by Swiss 
Reinsurance; Bauer and Kramer (2007) analyze the Tartan 
EMBs issued by Scottish Reinsurance; second, in terms 
of mortality index, Dhal et al. (2004), Dowd et al (2006), 
Cox and Lin (2008), and Deng et al. (2012) explore the 
jump characteristic of mortality index; third, in terms of 
pricing model, scholars focus on the imperfect market 

mailto:sxie@pku.edu.cn
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pricing, which includes Wang transform model (Wang, 
2000; 2002) , Sharp Ratio model (Milevsky et al., 2005), 
and LFC pricing model (Lane, 2000; Chen and Cummins, 
2010).

Although the existing researches on the design and 
pricing method of mortality index have achieved certain 
progress, the accuracy of mortality prediction and the 
rationality of the triggering mechanism still need to be 
improved. Therefore, based on the double exponential 
jump diffusion (DEJD) theory proposed by Kou and 
Wang (2003), employing the research method of Deng et 
al. (2012), this paper first provides the expected value of 
mortality index based on the DEJD distribution under the 
risk-neutral measure, then derives the specific pricing an-
alytic expressions of the EMBs with principal reimburse-
ment non-cumulative and cumulative threshold respec-
tively, and finally simulates the bond prices and conducts 
the parameters sensitivity analysis.

This paper contributes in the following three aspects: 
first, based on the assumption that mortality index follows 
the DEJD process, this paper sufficiently features the di-
rection and frequency of mortality jump, improving the 
accuracy of the EMB pricing; second, this paper illustrates 
a much more explicit expression for pricing the EMBs. 
The results of bond price simulation shows that the EMBs 
with principal reimbursement non-cumulative threshold 
are less risky and thus more attractive to investors; third, 
the parameter sensitivity analysis suggests that the speci-
fication of jump direction and frequency influences bond 
prices significantly, indicating that the description of jump 
characteristics plays a vital role in the accuracy of the 
EMB pricing.

2. Mortality Index Following DEJD Distribution
The pricing of the EMBs is based on the characteriza-

tion of mortality index. Different mortality movements 
result in different bond prices. Considering the changes 
of mortality rate may not be continuous in reality, which 
means the standard Brownian motion cannot sufficiently 
describe the movement of mortality rate, and based on the 
DEJD theory proposed by Kou and Wang (2003; 2004), 
this paper argues that the scope of mortality jump follows 
the DEJD distribution instead of the normal distribution. 
Utilizing the DEJD distribution to describe the movement 
of mortality has two obvious advantages. On one hand, it 
conveniently depicts the mortality jump by simply using 
different parameters under the same exponential distri-
bution; on the other hand, it effectively characterizes the 
asymmetry and exponential property of actual mortality 
jump.

Meanwhile, this paper constructs the mortality index by 
adopting the risk-neutral pricing measure which is widely 

used to price financial derivatives. Based on the risk neu-
tral pricing theory, we can choose a specific risk neutral 
measure, denoted as *Q . Under it, the expected discount 
for all marketable assets is martingale, and we can obtain 
the fair price of any security. By the maximum likelihood 
estimate method, it can implement the risk neutral adjust-
ment to each of the parameters in the mortality time series 
model, and finally reach the market value of the securities 
under the risk neutral hypothesis.

Following the research of Deng et al. (2012) and under 
Lee-Carter (1992) framework, ,x tµ denotes the mortality 
rate of the group whose age is x at time t. The mortality 
rate can be expressed by the age-specific parameters xa , xb
and the mortality time series tk :

( ), ,ln x t x x t x ta b k eµ = + +

(1)
By exponentiating both sides of Equation 1, we can 

get:

, ,exp( )x t x x t x ta b k eµ = + +

(2)
To capture the jump characteristic of the mortality time 

series, tk  should satisfy the following equation:
( )

1
( ) ( ( 1))

N t
t

i
it

dk dt dW t d V
k

α σ
=

= + + −∑

(3)
( )N t  is the Poisson process with parameter λ , which 

represents the jumping frequency. * *ln( )Y V=  follows the 
double exponential distribution:

1 2
* 21 { 0} { 0}( ) 1 1yy

y yY
f y p e q eηηη η−

≥ <= +

(4)
Where 1 2

0,  0,  1,  0,  , 0p q p q λ η η≥ ≥ + = > > . This 
distribution specifies the upward and downward directions 
of mortality jump. When 0y ≥ , it describes the sudden 
surge of mortality rate caused by extreme events. When 

0y ≤ , namely the downward jump, it suggests the reduc-
tion of mortality rate as a result of the economic develop-
ment, the increase of living standards, and the improve-
ment of medical and health conditions.

Under the risk-neutral measure, the mortality rate time 
series satisfies:

( )
* * * *

1
( ) ( ) ( ( 1))

N t
t

i
it

dk dt dW t d V
k

µ λ ξ σ
∗

∗ ∗

=

= − + + −∑

(5)
Utilizing ˆIto lemma to solve the above differential 

equation, we can get:
( )

*2 * * *
0

1

1( )
2

tN

t t i
i

k k t W Yµ σ λ ξ σ
∗

∗ ∗ ∗

=

= + − − + + ∑

(6)
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Therefore, the expected value of overall mortality in-
dex is:

( ) ( )* *
,

*2 *2 2 1 2
0

1 2

( ) exp exp

1 1             exp ( ) + ( 1)
2 2

x t x x t

x x x x
x x

E a E b k

p qa b k b t b t t
b b

µ

η η
α σ λ γ σ λ

η η

∗ ∗ ∗ ∗
∗ ∗ ∗ ∗

∗ ∗

 = ×  

 = + + − − + + −  − + 

(7)
Furthermore, the life table can be divided into x age 

groups, and each of them is allocated with a weight of xW . 
Then the expectation of the overall mortality rate is:

( ) ( ){ }* *

*2 *2 2 1 2
0

1 2

( ) exp exp

1 1             exp ( ) + ( 1)
2 2

t x x x t
x

x x x x x
x x x
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p qW a b k b t b t t
b b

µ

η η
α σ λ γ σ λ

η η

∗ ∗ ∗ ∗
∗ ∗ ∗ ∗

∗ ∗

 = × ×  

  = × + + − − + + −   − +  

∑

∑

(8)

3. The Pricing Models of Extreme Mortality 
Bonds based on DEJD Model

According to whether the current principal compensa-
tion payment sets the accumulation of past reimbursement 
ratios as the trigger condition, the EMBs can be divided 
into two types of principal reimbursement with non-cu-
mulative threshold bonds and cumulative threshold bonds.

3.1 Pricing Model of Principal Reimbursement 
with Non-cumulative Threshold EMBs

The trigger condition of the EMBs with principal re-
imbursement non-cumulative threshold is solely based on 
the predetermined mortality rate benchmark, i.e. the annu-
al mortality rate benchmark 0k . SPV obeys the following 
principles when compensating life insurance companies: 
(1) if at the time of t, the mortality index tk  surpasses the 
lower bound of the annual mortality rate benchmark (M), 
SPV will start to reimburse the life insurance companies 
using the principal raised from the EMBs investors; (2) 
if the level of mortality rate reaches or even exceeds the 
upper bound of annual mortality rate benchmark (U), SPV 
will compensate life insurance companies with no more 
than the entire principal raised by issuing the EMBs; (3) 
if the mortality level is between the two bounds, SPV 
will utilize the linear interpolation method to evaluate the 
compensation ratio from life insurance companies.

From the perspective of a life insurance company, it in 
fact obtains a series of multi-period call options as the re-
turn for the reinsurance premiums it has paid to the SPV. 
As for bond investors, if trigger events do not happen dur-
ing the specified period, they will acquire the agreed in-
terest and principal; if extreme events do occur, the bond 
buyers will lose some or all of the principals. The Vita I 
EMB of Swiss Reinsurance is a typical representative for 
the EMB with principal reimbursement non-cumulative 
threshold, which means the year by year recalculation of 

the annual withdrawal and the compensation ratio for the 
life insurance companies from the SPV, and no relevance 
to cumulative compensation ratios in the past.
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non-cumulative threshold. The black solid line shows the relationship between the principal

compensation ratio and the current mortality rate for each year. Let tq be the mortality rate at the

time of t, then the principal compensation ratio tloss for SPV to compensate the life insurance

company is:
[ , 0] [ , 0]

 
0,                   

,      

1,                   

t t
t

t

t
t

t

Max q M Max q Uloss
U M
q M

q M M q U
U M

q U

  





    
 

(9)

At the maturity date T, investors can obtain the remaining principal FV as:

=1 =1

=1

(1- )             1
=

0                                         >1

T T

t tt t
T

tt

Par loss dt if loss dt
FV

if loss dt

 




 


(10)

Where Par is the face value of the bond, and fr is the risk-free interest rate. Under

the risk neutral measure, at maturity date T, the pricing formula of the EMBs with
principal reimbursement non-cumulative threshold can be written as:

 

- -* *

1

- *

1

*
-

1

( ) 1-

     1

( )
     = 1

f f

f

f

Tr T r T
t

Tr T
t

Tr T t

P e E FV Par e E loss dt

Pare E loss dt

E M
Par e dt

U M


      
    
  

      







(11)

3.2 Pricing Model of Principal Reimbursement with Cumulative Threshold EMBs

Due to the fact that mortality rates for successive years generally have sequential correlations,

Resource: Klein R., 2006, Mortality catastrophe bonds as a risk 
mitigation tool, Society of Actuaries Newspaper, (57).

Figure 1. The Reimbursement Mechanism of the Non-cu-
mulative Threshold EMBs

Figure 1 shows the reimbursement mechanism of the 
EMBs with principal reimbursement non-cumulative 
threshold. The black solid line shows the relationship 
between the principal compensation ratio and the current 
mortality rate for each year. Let tq  be the mortality rate at 
the time of t, then the principal compensation ratio tloss  for 
SPV to compensate the life insurance company is:

[ ,0] [ ,0]
 

0,                   

,      

1,                   

t t
t

t

t
t

t

Max q M Max q Uloss
U M

q M
q M M q U
U M

q U

− − −
=

−
<

 −= < <
−

 >

(9)
At the maturity date T, investors can obtain the remain-

ing principal FV  as:

=1 =1

=1

(1- )             1
=

0                                         >1

T T

t tt t
T

tt

Par loss dt if loss dt
FV

if loss dt

 ≤




∫ ∫
∫

(10)
Where Par is the face value of the bond, and fr  is the 

risk-free interest rate. Under the risk neutral measure, at 
maturity date T, the pricing formula of the EMBs with 
principal reimbursement non-cumulative threshold can be 
written as:

( )
- -* *

1

- *

1

*
-

1

( ) 1-

     1

( )
     = 1

f f

f

f

Tr T r T
t

Tr T
t

Tr T t

P e E FV Par e E loss dt

Pare E loss dt

E MPar e dt
U M
µ

 = = ⋅   
 = −  
  −

⋅ −  −   

∫

∫

∫

(11)

http://doi.org/10.26549/jfr.v8i1.18638


27

Journal of Finance Research | Volume 08 | Issue 01 | April 2024

Distributed under creative commons license 4.0 DOI: http://doi.org/10.26549/jfr.v8i1.18638

3.2 Pricing Model of Principal Reimbursement 
with Cumulative Threshold EMBs

Due to the fact that mortality rates for successive years 
generally have sequential correlations, the calculation of 
mortality rate is usually based on the historical mortality 
rates. To properly settle the problem of sequential corre-
lations, Scottish Reinsurance issued the Tartan EMBs by 
designing a double-trigger in 2006. The first trigger con-
dition is the same as that of the non-cumulative threshold 
EMBs mentioned above, i.e. whether the mortality index 
surpasses the lower bound of benchmark (M); The second 
trigger condition is whether the principal compensation 
ratio which is calculated from Formula (9) is greater than 
the accumulative principal compensation ratio (Accumu-
lated Loss, 1tAL − ), which is the sum of the compensation 
ratios in last periods.
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tive Threshold EMBs

In Figure 2, the black solid line represents the relation-
ship between the accumulated principal compensation 
ratio of each period and the level of mortality in current 
period. It can be noted that the accumulated compensation 
ratio for this period is between the accumulated compen-
sation ratio for the last period and 100%. Only when the 
current compensation ratio exceeds the cumulative ratio 
threshold for the last period 1tAL − , will SPV reimburse us-
ing the principal. That is to say, at the time of t, SPV will 
pay back to life insurance companies at the scale of the 
accumulated compensation ratio tAL :
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When the accumulated principal payment ratio hasn’t 

yet reached 100% in the last period, the current principal 
compensation ratio tloss  is:
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When the bond matures at T, SPV will pay the princi-

pal back to all the bond investors at the scale of TP : 
1T TP AL= −

(14)
Therefore the pricing formula of the EMBs with princi-

pal reimbursement cumulative threshold is:
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In conclusion, the biggest difference between the two 

types of the EMBs lies in whether the principal compen-
sation ratio over each mortality assessment period (usually 
a year) sets the accumulated compensation ratio of last 
period as the threshold of its lower bound. For the EMBs 
with principal reimbursement non-cumulative threshold, 
principal compensation ratios in each year are not relat-
ed. Once the mortality rate exceeds the lower bound of 
benchmark (M), the principal compensation ratios will 
increase ( )1 %U M−  with every 1% increase in mortality in-
dex. At the same time, if the sum of independent principal 
reimbursement ratios accumulates to surpass 100% before 
maturity, SPV will not pay for the bond investors.

However, for the EMBs with principal reimbursement 
cumulative threshold, not only will the current level of 
mortality exceed the lower bound of benchmark (M), but 
the proportion of the principal reimbursement ratio should 
surpass the accumulated proportion in last period 1tAL − as 
well. Only under this circumstance, SPV will compensate 
to life insurance companies. In other words, only when the 
extreme mortality rate is large enough in the second year 
and meets the double trigger conditions, will the bond 
investors suffer principal losses, which is more secured 
to the interests of bond investors. The pricing models of 
these two types of the EMBs are derived from their corre-
sponding reimbursement mechanisms.
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4. Numerical Analysis

4.1 The Estimation of Extreme Mortality Bond 
Prices

Assuming that one extreme mortality bond has a ma-
turity of 3 years (T = 3) and with a face value of 1 billion 
RMB (Par = 1000000000). This bond was issued at the 
end of 2013 and will expire at the end of 2016. Risk-free 
interest rate, represented by the one-year Shibor interest 
rate, is 0.044. The Benchmark of mortality rate 0µ  in 2013 
is 0.00743. The lower bound of mortality index (M) is 1.1 
times of the mortality rate in the base year, and the upper 
bound (U) is 1.2 times of the mortality rate in the base 
year. This paper assumes 0.05AL =  in the pricing formula 
of the EMBs with principal reimbursement cumulative 
threshold. Table 1 shows the parameters of annual mortal-
ity index. xW  is a weight associated with the age category.

Table 1. The Parameters of Annual Mortality Index

Age Scope xW xa xb

<1 0.013818 -3.4087 0.1455

1-4 0.055317 -6.2254 0.1960

5-14 0.145565 -7.1976 0.1942

15-24 0.138646 -6.2957 0.0994

25-34 0.135573 -5.9923 0.1044

35-44 0.162613 -5.4819 0.0855

45-54 0.134834 -4.7799 0.0608

55-64 0.087247 -4.0137 0.0468

65-74 0.066037 -3.2347 0.0426

75-84 0.044842 -2.4196 0.0409

>85 0.015508 -1.6119 0.0290

Table 2 shows the estimated results of the parameters 
involved in the pricing model (Deng et al., 2012).

Table 2. The Estimates of Parameters

0k *α *σ *p *γ *
1η

*q *
2η *λ

-10.302 -0.2 0.31 0.035 -1.25 0.89 0.065 0.93 0.029

Based on the above pricing models of the EMBs, the 
bond prices of the two types can be calculated and sum-
marized in Table 3. Comparing the estimated prices of the 
two EMBs, we can find that the price of the EMB with 
non-cumulative threshold is lower than that of the EMBs 
with cumulative threshold, which indicates that the EMBs 
with non-cumulative threshold are more risky than the cu-
mulative ones, and demand more risk premiums.

Table 3. The Estimated Results of the EMB Prices

EMB Type Principal Non-Cumulative Principal Cumulative

EMB Price 4.7260 910× 4.9087 910×

4.2 Parameter Sensitivity Analysis

Figures 1 to 6 plot the relationship between the pric-
es of the EMBs and the main parameters in the pricing 
models respectively. As in Figure 1 and 2, the parameters 
p* and q* which describe the directions of mortality jump 
have significant impacts on the EMB prices. The upward 
jump parameter p* is negatively correlated with the bond 
prices; however, the downward jump parameter q* is pos-
itively correlated with the bond prices. It suggests that 
when the probability of upward jump rises, the mortality 
risk in the future will increase, higher compensation bond 
holders will demand and lower bond prices will be. On 
the contrary, when the probability of downward jump ris-
es, the mortality risk in the future will decrease, the lower 
compensation bond holders will demand and higher bond 
prices will be.

Figure 1. The Relation between Price P and p*

Figure 2. The Relation between Price P and q*

Moreover, Figure 3 shows that the frequency parameter 
of mortality jump λ also exerts a significant sensitivity im-
pact. When the probability of upward jump is smaller than 
the downward jump, the frequency parameter λ and the 
bond prices are linearly positively correlated. This proves 
that the frequency of mortality jump plays a significant 
role in the accuracy of pricing the EMBs. Furthermore, 
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after the distinction of jump directions, both the frequency 
and direction will influence the mortality risk at the same 
time, rather than an increase in jump frequency will cer-
tainly lead to the increase in the mortality risk when only 
considering the positive jump. In addition, Figure 4 shows 
that the bond price is negatively correlated with the pa-
rameter *α , and has a significant sensitivity. 

Figure 3. The Relation between Price P and *λ

Figure 4. The Relation between Price P and *α

Finally, Figure 5 and 6 reveal that parameters 1η  and 2η  
which describe the jump scope have a weak correlation 
and sensitivity relationship with the bond prices. This 
phenomenon happens after distinguishing the directions 
of mortality jump.

From the above analysis, it’s not hard to notice that 
when considering the more dedicate descriptions of mor-
tality jump, especially the distinction of the jump direc-
tions, can more effectively measure mortality risk and 
increase the rationality and accuracy of the EMB pricing. 
Otherwise, only considering upward jump or not distin-
guishing jump directions is likely to lead to bigger errors 
in the prediction of mortality index, thus affecting the ac-
curacy of the EMB pricing.

Figure 5. The Relation between Price P and 
*

1η

Figure 6. The Relation between Price P and 
*
2η

5. Conclusion

Given the large exposure of extreme mortality risk 
faced by life insurance companies, how to manage the 
extreme mortality risk for them has become a hot topic. 
Since accurately pricing the EMBs is vital to the success 
of their issuing in the capital market, the focus of this 
paper is to derive and analyze the EMB pricing model. 
This paper first introduces a stochastic diffusion model 
with a double exponential jump diffusion (DEJD) process 
for mortality time-series. Then, this paper applies the risk 
neutral pricing theory to derive the pricing models for 
the EMBs with principal reimbursement non-cumulative 
and cumulative threshold respectively. The prices of the 
cumulative threshold EMBs are higher than those of the 
non-cumulative threshold EMBs, thus more appealing 
for risk-averse investors. Finally, the results of parameter 
sensitivity analysis indicate that the mortality jump de-
scription, especially the distinction of jump directions, has 
a significant impact on the rationality of the EMB pricing.
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Adequate funding is identified as a crucial factor in ensuring the success 
of these universities, impacting talent cultivation, scientific research, 
and social services. Since the 1990s, China has launched several key 
projects to enhance the development of its first universities and aimed at 
elevating these institutions to world-class status. Using data from 34 first-
class universities in China from 2014 to 2022, this study analyzes the 
characteristics and differences in expenditure. It employs an independent 
sample t-test model to compare the C9 League universities with other first-
class universities. The findings reveal significant gaps in total expenditure 
and varying priorities in expenditure categories, with education being the 
dominant expenditure item. The study concludes with suggestions for 
optimizing the efficiency of fund utilization to support the development of 
world-class universities in China.
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1. Background

In the era of the knowledge economy, economic growth 
is increasingly inseparable from the creation, processing, 
and dissemination of knowledge. The construction level 
of comprehensive and research-oriented universities that 
integrate teaching, scientific research, and social services 
is also receiving increasing attention from the country. 
Since the 1990s, the Chinese government has successively 
launched key construction projects such as “Project 211”, 
“Project 985” and “985 Project Innovation Platform”, 
aiming to empower a number of key universities and key 
discipline construction projects to reach world-class lev-
els. In 2015, The State Council of the People’s Republic 
of China issued documents which requires accelerating 
the construction of a number of world-class universities 

and disciplines. In 2017, the ministry of education, the 
ministry of finance, and the national development and re-
form commission jointly released a selected list of univer-
sities and colleges. It emphasizes increasing supports for 
leading talents, boldly attempting in fundraising and utili-
zation, highlighting performance orientation, dynamically 
adjusting support, and aiming to promote a new stage of 
improvement in higher education level.

Adequate funding is a key factor in ensuring the con-
struction of universities, which has a significant impact on 
talent cultivation, scientific research, and social services.[1]  
Education funding is the material foundation of higher 
education, and its use has also received increasing atten-
tion from the government and the public. The top research 
universities in the United States have been increasing their 
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funding year by year, accounting for the vast majority of 
research funding in domestic universities while provid-
ing the main output of scientific research.[2] To strive for 
world-class status, Chinese first-class universities should 
follow leaders as benchmarks. There is still a gap between 
the level of China’s first-class universities and world-class 
universities. Besides, it is urgent to maintain high-intensi-
ty and long-term funding investment, optimize funding al-
location methods, grasp our own educational positioning, 
and explore advantages and characteristics.

2. Literature review

Higher education expenditure is an important guaran-
tee for achieving modernization of higher education. The 
scale of university expenditure often reflects the degree 
of importance that a country or region attaches to higher 
education investment, as well as the current development 
status of higher education scale. The expenditure on high-
er education in China has doubled from 881.5 billion yuan 
in 2014 to 1639.7 billion yuan in 2022, with an average 
annual growth rate of 11%, which is the driving force 
behind its vigorous development. As early as 2007, top 
universities in countries such as the United States and the 
United Kingdom had spent billions of dollars solely on 
research funding.[3] The total funding for contract research 
and donations at the University of California, Berkeley 
increased from $462 million in 2003 to $714 million in 
2012, with a growth rate of 54.55%.[4] Compared to the 
world’s top level, the current scale of university funding 
expenditure in China is still relatively small.

University expenditure details are often divided accord-
ing to the purpose of use. From a functional perspective, 
the National Center for Education Statistics (NCES) di-
vides the core expenditure structure of education funds for 
top universities in the United States into other expenditure 
categories such as teaching, research, public services, 
academic support, institutional support, student services, 
and independent operations. According to Dearden (2012), 
the funding expenditure of research universities in the 
UK mainly consists of four parts: personnel expenses, 
other operating expenses, depreciation of fixed assets, 
and interest expenses. Among them, personnel expenses 
include salaries paid to faculty and staff, social security 
contributions, and retirement funds, accounting for half of 
the total expenditure.[5] Christiana (2011) has outlined the 
expenditure structure of Nigerian universities, which is 
roughly divided into teaching, research and management 
costs, enrollment and training costs, faculty benefits and 
salaries, and facility maintenance.[6]

World-class universities all attach great importance to 
the rational allocation of resources in their operations to 

promote comprehensive development. Just (2009) analyz-
ed the structure of university funding expenditures in the 
United States and found that teaching, public affairs, and 
personal support for faculty and staff are the three main 
components of expenditures.[7] Pittman (2012) summa-
rized the commonalities of various funding expenditures 
of world-class public universities in the United States. 
Setting aside teaching and research expenditures, the ex-
penditure on providing resources and services for the daily 
work and learning of teachers, students, and faculty is in-
creasingly valued.[8] Ota (2014) analyzed the use of funds 
at the University of Tokyo and found that the salaries 
and welfare expenses of full-time and part-time faculty 
and management personnel have been increasing year by 
year, with a growth level close to research expenses, but 
accounting for about three times the total expenditure of 
research expenses. This provides a superior development 
environment for top talents.[9]

In today’s rapidly changing society, the competition for 
high-end knowledge is becoming increasingly fierce. As 
a social organization, although universities have the in-
fluence to safeguard their own interests, their dependence 
on external funding is also constantly increasing, thus 
possessing the dual characteristics of strong independent 
development and high resource dependence. Funding is 
the most basic material condition for building a first-class 
university, and the adequacy of funding is closely related 
to the development and construction strategy of the uni-
versity.[10] For China’s first-class universities, the imper-
fect expenditure structure and rough data still exist, and 
there are significant differences between different types 
of schools. To build a world-class university, it is not only 
necessary to obtain huge financial support, but also to 
continuously optimize the efficiency of fund utilization. 
Therefore, based on the expenditure data of first-class uni-
versities in China from 2014 to 2022, this study analyzes 
the characteristics and differences of expenditure, hoping 
to provide effective suggestions for the scientific and ra-
tional allocation of university funds.

3. Methods

3.1 Research object

In 2017, the Chinese government announced the list of 
world-class universities and first-class discipline construc-
tion universities and disciplines. The “Double First-Class 
Initiative” proposes that a number of universities and 
disciplines are developed into world-class ones, making 
China an international higher education power. The list 
of “Double First-Class Initiative” includes 42 universities 
and colleges which will be developed into first-class ed-
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ucational institutions. Among them, there are 36 A-level 
universities. Taking into account their construction back-
grounds and major settings, this study selected 34 A-level 
universities, as shown in Table 1. 

At the same time, C9, the first university alliance be-
tween top universities in China, represented the highest 
level of higher education in China, was compared and 
analyzed with other first-class universities, as shown in 
Table 1. 

At the same time, the C9 League, also known as the 
China’s top university alliance, is a consortium of nine 
prestigious Chinese universities established in 2009.The 
members of the C9 League are the highest-ranking univer-

sities in China, representing the country’s best academic 
and research institutions. In this article, the C9 League is 
compared and analyzed with other first-class universities, 
representing China’s best universities. We integrated the 
departmental budget data of 34 top universities in China 
from 2014 to 2022, and comprehensively considered the 
expenditure structure. It was found that each university 
had a total of 15 expenditure subjects. In addition, Beijing 
University of Aeronautics and Astronautics, Beijing Insti-
tute of Technology, Harbin Institute of Technology, and 
Northwestern Polytechnical University only disclose de-
partmental final account information for 2020, 2021, and 
2022 to the public as of now.

Table1. List of universities

No. School Name Type No. School Name Type

1 Peking University C9 18 Southeast University /

2 Renmin University of China / 19 Zhejiang University C9

3 Tsinghua University C9 20 University of Science and Technology of China C9

4 Beijing University of Aeronautics and Astronautics / 21 Xiamen University /

5 Beijing Institute of Technology / 22 Shandong University /

6 China Agricultural University / 23 Ocean University of China /

7 Beijing Normal University / 24 Wuhan University /

8 Nankai University / 25 Huazhong University of Science and Technology /

9 Tianjin University / 26 Central South University /

10 Dalian University of Technology / 27 Sun Yat-sen University /

11 Jilin University / 28 South China University of Technology /

12 Harbin Institute of Technology C9 29 Sichuan University /

13 Fudan University C9 30 University of Electronic Science and Technology of China /

14 Tongji University / 31 Chongqing University /

15 Shanghai Jiao Tong University C9 32 Xi’an Jiaotong University C9

16 East China Normal University / 33 Northwestern Polytechnical University /

17 Nanjing University C9 34 Lanzhou University /

3.2 Research design

For different types of universities, there are significant 
differences between their environment, size, and other 
basic characteristics, so they will present development 
strategies that are more suitable for their own characteris-
tics in terms of expenditure scale and structure. This study 
introduces an independent sample t-test model to test 
whether the difference between the mean of two unrelated 
samples and their respective populations is significant, so 
as to more accurately determine the group characteristics 
between different categories of schools and obtain more 
reliable conclusions. The best universities in China, repre-
sented by the C9 League, and other first-class universities 
are independent samples, denoted as xai and xbj. Mean-

while, sample sizes are respectively denoted as na and nb. 
The difference between the samples is expressed as t. The 
calculation is demonstrated in equations as follows:
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4. Results
4.1 Descriptive analysis

This study conducted descriptive statistics on 282 observations from 34 first-class
universities in China from 2014 to 2022, as shown in Table 2.

As shown in the table, there is a significant gap in the total expenditure scale of China’s
fist-class universities, with an average of 6,294,027.0 thousand yuan, a maximum of
17,324,005.0 thousand yuan, and a minimum of 3,658,897.0 thousand yuan. From the
perspective of expenditure function, except for education, science and technology, and
housing security, there are some universities that do not have this expenditure for other
projects. For categories that have consistently incurred expenditures over the past nine years,
the average education expenditure is 5,689,900.7 thousand yuan, with a maximum of

23,267,300.0 thousand yuan and a minimum of 1,291,597.0 thousand yuan; the average
expenditure on science and technology is 568,990.7 thousand yuan, with a maximum of
23,267,300.0 thousand yuan and a minimum of 1,291,597.0 thousand yuan; the average
expenditure on housing security is 568,990.7 thousand yuan, with a maximum of
23,267,300.0 thousand yuan and a minimum of 1,291,597.0 thousand yuan.

The expenditure structure of China's first-class universities shows a more obvious
characteristic that exists one core and multiple elements. For each school, education occupies
an absolute dominant position, with an average of 90.99%. But the gap between schools still

exists, with a maximum value of 98.08% and a minimum value of 42.60%. The proportion of
science and technology and housing security is relatively small compared to education
expenditure, but they are still important components. The average proportion of science and
technology is 5.01%, with a maximum of 54.43% and a minimum of 0.10%; The average
proportion of housing security is 2.90%, with a maximum of 7.23% and a minimum of 0.64%.
In addition, expenditure items with an average proportion of over 0.01% include general
public services, culture, sports and media, social security and employment, health and

hygiene, energy conservation and environmental protection, and resource exploration
information.

Table2 Descriptive statistics

, 

where i = 1, …, na, j = 1, …, nb.
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4. Results

4.1 Descriptive analysis

This study conducted descriptive statistics on 282 ob-
servations from 34 first-class universities in China from 
2014 to 2022, as shown in Table 2.

As shown in the table, there is a significant gap in the 
total expenditure scale of China’s fist-class universities, 
with an average of 6,294,027.0 thousand yuan, a max-
imum of 17,324,005.0 thousand yuan, and a minimum 
of 3,658,897.0 thousand yuan. From the perspective of 
expenditure function, except for education, science and 
technology, and housing security, there are some univer-
sities that do not have this expenditure for other projects. 
For categories that have consistently incurred expendi-
tures over the past nine years, the average education 
expenditure is 5,689,900.7 thousand yuan, with a maxi-
mum of 23,267,300.0 thousand yuan and a minimum of 
1,291,597.0 thousand yuan; the average expenditure on 
science and technology is 568,990.7 thousand yuan, with a 
maximum of 23,267,300.0 thousand yuan and a minimum 

of 1,291,597.0 thousand yuan; the average expenditure on 
housing security is 568,990.7 thousand yuan, with a max-
imum of 23,267,300.0 thousand yuan and a minimum of 
1,291,597.0 thousand yuan.

The expenditure structure of China’s first-class univer-
sities shows a more obvious characteristic that exists one 
core and multiple elements. For each school, education 
occupies an absolute dominant position, with an average 
of 90.99%. But the gap between schools still exists, with 
a maximum value of 98.08% and a minimum value of 
42.60%. The proportion of science and technology and 
housing security is relatively small compared to education 
expenditure, but they are still important components. The 
average proportion of science and technology is 5.01%, 
with a maximum of 54.43% and a minimum of 0.10%; 
The average proportion of housing security is 2.90%, with 
a maximum of 7.23% and a minimum of 0.64%. In addi-
tion, expenditure items with an average proportion of over 
0.01% include general public services, culture, sports and 
media, social security and employment, health and hy-
giene, energy conservation and environmental protection, 
and resource exploration information.

Table 2. Descriptive statistics

Items of expenditure
Amount (thousand yuan) Proportion (%)

Mean
Std. 
Dev.

Min Max Mean
Std. 
Dev.

Min Max

General public service 1535.9 1896.8 0 11019.2 0.0292 0.0315 0 0.1559

Diplomacy 133.5 562.4 0 5547.2 0.0023 0.0094 0 0.0932

Education 5689907.0 3333776.0 1291597.0 23267300.0 90.9913 11.7891 42.6003 98.0763

Science and technology 322001.7 766529.9 5747.4 3990666.0 5.0101 11.9046 0.1029 54.4275

Culture, Sports and media 2349.7 7047.9 0 77625.5 0.0477 0.1525 0 1.4349

Social security and employment 57233.3 144939.4 0 1130013.0 0.7025 1.6713 0 12.2496

Hygiene and health 47138.5 259443.9 0 1773917.0 0.2741 1.4805 0 9.6248

Energy saving and environmental 
protection

401.8 1308.7 0 10477.5 0.0110 0.0453 0 0.6048

Agriculture, forestry and water 
conservancy

265.2 1534.4 0 14723.8 0.0068 0.0405 0 0.3852

Transportation 89.8 602.2 0 5621.7 0.0012 0.0076 0 0.0659

Resource exploration information 1493.9 7008.7 0 88583.7 0.0155 0.0538 0 0.3508

Territorial and Marine meteorology 432.3 3116.6 0 35870.5 0.0094 0.0675 0 0.7649

Housing security 170918.5 98104.9 23176.0 549741.7 2.8970 1.3166 0.6374 7.2251

Disaster prevention and emergency 
management

82.9 1375.0 0 23088.8 0.0014 0.0228 0 0.3832

Others 42.8 245.8 0 2505.9 0.0006 0.0039 0 0.0398

Total 6294027.0 3658897.0 1732405.0 26775140.0 / / / /

N 282 282
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4.2 T-test analysis

This study divided 34 first-class universities in China 
into the best universities and other first-class universities. 
The T-test analysis was conducted on the observed values 
from 2014 to 2022, and the results of the entire dataset in 
this thesis are shown in Table 3.

The test suggests that from the perspective of edu-
cation investment level, the best universities in China 
have demonstrated significant advantages. In terms of 
the total expenditure scale, the best universities in China 
have a much higher expenditure level than other first-
class universities, with a confidence level of 99%. At the 
same time, in terms of general public services, education, 
science and technology, social security and employment, 
health, and resource exploration information, the expend-
iture level of the best universities is significantly higher 
than other first-class universities, with a confidence level 
of 99%. In addition, in terms of housing security, the ex-

penditure level of the best universities in China is slightly 
better, with a confidence level of 95%. However, in terms 
of transportation, the expenditure level of other first-class 
universities is relatively high, with a confidence level of 
90%.

From the perspective of expenditure structure, the best 
universities in China and other top universities have their 
own emphasis on the use of funds. In terms of science 
and technology, health, and resource exploration infor-
mation, the best universities in China have a significantly 
higher proportion of expenditure, with a confidence level 
of 99%. In terms of education and housing security, other 
first-class universities have a higher proportion of expend-
iture, with a confidence level of 99%. In addition, in terms 
of energy conservation, environmental protection, and 
transportation, other first universities also have a higher 
proportion of expenditure than the best universities, with a 
confidence level of 90%.

Table 3. T-test by groups divided by university category

Items of expenditure
Amount Proportion

xa xb t xa xb t

General public service 2201.9 1294.6 3.62*** 0.0281 0.0296 -0.36

Diplomacy 150.3 127.4 0.30 0.0011 0.0027 -1.19

Education 8495707.0 4673313.0 9.86*** 86.4783 92.6265 -3.97***

Science and technology 653349.5 201948.2 4.52*** 9.7541 3.2913 4.14***

Culture, sports and media 2501.5 2294.8 0.22 0.0288 0.0545 -1.25

Social security and employment 92948.9 44292.9 2.51*** 0.6813 0.7102 -0.13

Hygiene and health 174711.7 916.3 5.20*** 0.9967 0.0123 5.15***

Energy saving and environmental protection 331.5 427.2 -0.54 0.0055 0.0130 -1.23

Agriculture, forestry and water conservancy 183.5 294.9 -0.54 0.0015 0.0087 -1.32*

Transportation 5.2 120.4 -1.42* 0.0000 0.0016 -1.50*

Resource exploration information 4228.5 503.1 4.05*** 0.0324 0.0094 3.23***

Territorial and Marine meteorology 256.0 496.2 -0.57 0.0056 0.0108 -0.56

Housing security 190792.5 163717.7 2.06** 1.9859 3.2271 -7.68***

Disaster prevention and emergency management 0 112.9 -11.29 0 0.0019 -0.61

Others 65.7 34.5 0.941 0.0007 0.0006 0.21

Total 9617434.0 5089894.0 10.95*** / / /

N 75 207 / 75 207 /

Note: ***p<0.01, **p<0.05, *p<0.1

5. Findings

5.1 Expenditure characteristics

This study found a significant gap in the funding ex-
penditures of China’s first-class universities, although the 
overall structure remains relatively stable, presenting a 
“one superpower and several major powers” pattern. Ed-
ucation constitutes the main part of the funding expendi-

ture, accounting for about 90% of the total expenditure of 
each school, followed closely by science and technology 
and housing security expenditure. Despite the existing 
gaps between universities, education, science and tech-
nology, and housing security remain the three principal 
expenditure areas for the best universities in China, rep-
resented by the C9 League, as well as other first-class 
universities. Specifically, these three expenditures account 
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for 98.22% of the total expenditure in China’s best uni-
versities, while other first-class universities account for 
99.14%.

5.2 Differences in expenditure scale

The Chinese government’s funding support for the 
best universities in China significantly exceeds that of 
other first-class universities, resulting in a considerably 
higher expenditure level for these top institutions, with 
an average total expenditure 1.89 times that of other first-
class universities. Expenditure items that surpass this ratio 
include science and technology, social security and em-
ployment, health and hygiene, transportation, and others. 
Notably, the gap in health and hygiene expenditure is the 
largest, with top universities in China spending 190.66 
times more than other top universities. This disparity 
may be attributed to the relatively comprehensive affili-
ated medical system structure of the best universities in 
China. Additionally, other first-class universities exhibit 
higher expenditures in areas such as energy conservation 
and environmental protection, agriculture, forestry, water 
resources, transportation, national land, marine meteorol-
ogy, disaster prevention, and emergency management, due 
to their unique professional focuses.

5.3 Differences in expenditure structure

For the best universities in China, areas such as science 
and technology, health and hygiene, and resource explora-
tion information receive significant attention. Science and 
technology are the core of university development, and 
this expenditure is crucial for ensuring research efficien-
cy and stability. Furthermore, top universities undertake 
responsibilities entrusted by the state and society. Con-
versely, for other first-class universities, education and 
housing security are currently the primary focuses of their 
expenditures. Education forms the foundation of univer-
sity development, with increased education expenditure 
directly impacting teaching quality, teacher training, and 
the learning environment. Housing security expenditure 
alleviates the concerns of high-quality talents, enabling 
them to fully commit to university work.

6. Conclusion and discussion

With the deepening of public finance system reforms 
and the proposal to establish and improve a modern uni-
versity system, the efficiency of university fund usage has 
become a prominent topic in higher education. Although 
theoretically, the most efficient mode of production is low 
input and high output, low input can introduce negative 
factors for development.[11] Hence, high input and high 

output reflect the current status in higher education.[12] 
This study conducted a comprehensive analysis of various 
university expenditures, including the resources consumed 
for normal operations, aiming to identify appropriate re-
source allocation models for different types of universities 
to meet their development needs.

Different types of universities should focus on different 
financial expenditures. While expanding funding, resourc-
es should be allocated according to the university’s educa-
tional positioning, emphasizing support for advantageous 
disciplines and characteristic projects. This differentiated 
expenditure strategy can better fulfill the developmental 
needs of universities, ensuring effective fund utilization 
and enhancing the quality and level of the entire Chinese 
higher education system. However, this does not imply 
that any university should neglect certain expenditures. 
Each expenditure is essential, and in practical operation, 
they need to be coordinated and complemented to achieve 
the overall development goal of building China’s “Double 
First-Class Initiative”.

At present, issues such as extensive financial manage-
ment, deficiencies in institutional mechanisms, and weak 
management foundations are becoming more pronounced, 
necessitating urgent solutions and improvements. Objec-
tively, higher requirements are being placed on universi-
ties to use higher education funds efficiently. Concurrent-
ly, the higher education development strategy is shifting 
from large-scale expansion to connotative development. 
To ensure transparency and effectiveness in fund usage, 
universities need to promote information disclosure and 
strengthen performance evaluation. Establishing a scientif-
ic performance evaluation system to regularly assess fund 
usage will improve management levels and educational 
efficiency.
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