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Abstract: By analyzing the current situation of smart tourism construction in combination with the actual tourism situation
in Sanya, this study aims to find out the problems existing in the current smart tourism construction and understand the various
factors affecting the smart tourism construction in Sanya. Then, relevant theories and practical applications were used to study
the ways to carry out smart tourism construction with the help of policy, location, and other advantages to meet the needs of
the development of the times. Based on the study, practical countermeasures and suggestions were given to provide reference
for the construction of smart tourism, ensure the continuous improvement of smart tourism construction, and help the
upgrading and transformation of tourism in Sanya. Based on the analysis of the construction and data of smart tourism and
tourism informatization in Sanya, this article has formed a useful method to help Sanya build an international tourist island

and a modern smart tourism city using the Hainan Free Trade Port construction policy.
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1. Introduction

In 2009, the first China Tourism Informatization Development Forum (Sanya) proposed the concept of
smart tourism, marking its origin in China. Since 2010, the tourism industry has successfully launched the
application practice of smart tourism. In 2011, the special plan for informatization of national tourism
development plan during the 12th Five Year Plan period proposed to carry out smart tourism demonstration
projects nationwide and strive to preliminarily realize “smart tourism” nationwide in about 10 years [!l.
Mobile phone Internet plus TikTok has accelerated the development of smart tourism. In the era of “Internet
plus”, with the emergence of electronic devices such as smart phones, palm computer, and other mobile
devices, mobile apps such as micro-blog, WeChat, Xiao Hong, jitter and Alipay, WeChat payment, and
other intelligent payment software have brought about constant changes in people’s tourism consumption
concepts and methods. People focus more quality, convenience, and experience of tourism. Tourism
management departments and tourism enterprises should focus on tourists’ experience and satisfaction,
apply information technology industries such as Internet, big data, cloud computing and artificial
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intelligence, and digital economy to the real economy, and meet the personalized needs of tourists through
the rational use of “smart” means such as integrated communication technology, efficient information
processing, and intelligent in-depth data mining. With the integration of information service and
management of tourism, smart tourism came into being 12/,

According to the current development trend of domestic tourism in Hainan province from 2017 to
2030, the development of online tourism market has promoted the upgrading and transformation of tourism
industry. Smart tourism is gradually becoming a modern intelligent service industry through the innovation
of “Internet plus”. With the emphasis on building a smart tourism service management system and
developing smart tourism products, a pilot “travel bubble” (centered on Sanya City was created [*). In July
2020, the office of the group for promoting the comprehensive reformation and opening up in Hainan issued
the overall plan for smart Hainan (2020-2025), which proposed to make full use of the new generation of
information technology to promote the social and economic development of Hainan, improve the
construction of smart Hainan system, build an intelligent experience island for international tourism
consumption, and upgrade the tourism service management and marketing model . In March 2021, many
important contents of the national “14th Five Year Plan” and the outline of long-term goals for 2035 once
again involved in-depth smart tourism construction, improving tourism consumption experience, increasing
the construction of smart scenic spots, standardizing online tourism services, building Hainan international
tourism consumption center, developing digital smart consumption, and accelerating the integrated
development of online and offline [°!. At present, the construction of smart tourism aiming at improving
tourism management and service level in Sanya is ongoing.

As a benchmark city of Hainan free trade port and the only tropical coastal resort tourism city in China,
Sanya has been actively exploring and achieved initial results in the construction of smart tourism. In 2017,
it won the “China smart city demonstration city” award at the 8th smart city conference held in Beijing. In
the same year, it also won the “China smart city innovation” award at the Asia Pacific Smart City selection
and award ceremony. In 2020, Sanya was identified as the first batch of national cultural and tourism
consumption pilot cities by the Ministry of culture and tourism, the national development and Reform
Commission and the Ministry of finance. It can be seen that the information technology industry under
construction, rich tourism resources, the booming tourism development status, and the support of various
relevant policies have provided Sanya with the basic conditions for the construction of smart tourism.
However, Sanya will inevitably encounter a series of problems in the process of carrying out the
construction of smart tourism. Therefore, scientific and practical countermeasures need to be put forward
to solve the problems existing in the construction of smart tourism in Sanya 6],

2. Definition of tourism

2.1. Traditional tourism

Traditional tourism refers to the recreational activities where people temporarily stay from their permanent
residence to another place for the purpose of sightseeing, leisure, and entertainment, so as to meet the local
knowledge, appreciation, enjoyment, and experience of cultural and natural landscape. There are few types
of traditional tourism destinations with a high degree of homogenization of tourism products which are
mainly scenic spots. The target market of traditional tourism is mainly the general public. Tourism
information is mainly obtained through newspapers, television, and other traditional media by tourists
before travelling. Travel agency is the main channel for tourism activities. Besides, tourism products are
also ordered through travel agencies and tour groups. Traditional and classic scenic spots are the first choice
for tourists. The quality of natural and cultural landscape determines the quality of tourism level. After
travelling, tourists share their experience through conversations 7). The operation mode and transaction
mode are limited and lack of flexibility. The demand of tourists is not given priority, and the effect of
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tourism activities underwhelming, which results in no improvement of the tourism experience. Traditional
tourism took place before network information technology was integrated into tourism, and its development
has limitations.

2.2. Tourism informatization

The scope of tourism informatization is greater than smart tourism. Tourism informatization is the
digitization of tourism information. It involves integration of information technology in various fields of
tourism. Tourism consists of traditional service industries such as catering, accommodation, transportation,
shopping, and entertainment. Tourism informatization involves collecting and processing tourism
information through information technology, and then converting it into words, numbers, graphics, and
sound for storage, transmission, and application, so as to redistribute, combine, process, disseminate and
sell the tourism industry chain *]. By means of modern science and information technology, the tourism
industry is transformed into modern service industry, which is displayed on tourism websites, tourism call
systems, digital management, and infrastructure, so as to make the development of tourism more digital,
networked, and improve the production efficiency of tourism. When tourism digitization appeared, it solved
the problem of information sharing through new system integration technology, but it was only the flow of
some system data, which could not fully produce the overall data regarding the demands of tourism.
Tourism informatization is the basis for the development of smart tourism.

2.3. Smart tourism

Different from traditional tourism, smart tourism is a new concept derived from the continuous development
of information and communication technology. It is not only an upgraded product of tourism
informatization development, but also the strategic direction of tourism informatization development. The
construction of smart tourism generally belongs to the scope of tourism informatization. The technical
system of smart tourism consists of technical framework and technical elements. The technical framework
is the collection and application of various information and data through the Internet, Internet of things, and
mobile network communication to smart scenic spots, smart travel agencies, traffic command, smart hotels,
and other industries. Technical elements include mobile communication technology, Internet of things
technology, LBS technology, cloud computing technology, big data technology, and artificial intelligence
technology.

The construction of smart tourism is specifically reflected in three aspects: tourism management,
tourism marketing, and tourism services. New technologies such as the Internet, cloud computing, big data
mining, and handheld terminal devices are used to help tourists, tourism enterprises, and tourism
management departments to take initiative in mastering various tourism information resources in the whole
tourism process. This improves the connectedness in every aspect of tourism like, food and accommodation,
transport, item purchasing. Besides, it also improves the information exchange level and service
management level of tourism management departments and tourism enterprises, meets the personalized
needs of tourists, and improves tourist satisfaction 1.

Smart tourism focuses on people who are good at using smart mobile terminals to obtain public tourism
information, and pays more attention to the interactive experience of tourists. Different from the traditional
tourism mode of relying solely on tour guides and personal experience to obtain tourism product
information and services, the tourism information of smart tourism is more comprehensive, and the sharing
of tourism information services in the whole process of tourism is realized at a technical level. The service
management system of tourism management departments and tourism enterprises are also more refined,
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breaking through the traditional functions of enterprise informatization, e-commerce, and e-government at
the application level. Smart tourism can not only realize tourism informatization, but also solve new
problems in the process of tourism development, meets the new needs of tourism development, and helps
to realize new ideas and ideas of tourism development !9, Table 1 shows the list of the differences between
traditional tourism, tourism informatization, and smart tourism

Table 1. List of the differences between traditional tourism, tourism informatization, and smart tourism

Access to travel Where to buy travel Share how the travel
Timeline Type . X
information channels products process
1980-1995 Traditional tourism Newspapers, TV media Travel group Talk-style
Tourism ) Forums, blogs, and other
1995-2010 ) o Network Network booking )
informatization websites
) ) Handset provides overall Weibo, WeChat, and other
20102021 Smart tourism Mobile phone

information services new media

3. Purpose and meaning of the research

3.1. The purpose of the smart tourism construction countermeasures in Sanya city

Due to difference in tourism resources, economic strength, and level of technical skills, the construction
and development of smart tourism is also different. Sanya is located in the southernmost tip of China. It is
a popular tourist city at home and abroad. It is also a well-known coastal resort. Its development prospect
of tourism is unlimited. In recent years, tourism, as the leading industry in Sanya, is developing rapidly, but
its economic benefits, social benefits, and resource and environmental benefits are facing challenges.
Although it has been developing in an international tourism destination, the international tourist source is
always insufficient, the quality of tourism experience is low, and the development of high, middle, and low-
end tourism market is uneven. By analyzing the current situation of smart tourism construction in Sanya
and combining with the actual situation of tourism, this study aims to find out the problems existing in the
current smart tourism construction in Sanya, understand the various factors affecting the smart tourism
construction in Sanya, and use relevant theories and practical applications to study the ways of carrying out
smart tourism construction with the help of policy, location, and other advantages to meet the needs of the
development of the times. Based on that, practical countermeasures and suggestions were put forward to
provide reference for the construction of smart tourism in Sanya, ensure the continuous improvement of
smart tourism construction, and help the upgrading and transformation of tourism in Sanya. Through
analysis and comparison, and summaries of tourist experiences, we came up with methods to build Sanya
into a high-quality, colorful, comfortable, and convenient international tropical coastal tourism city, an
international tourism consumption center, promote the integration of industries in various fields, and truly
integrate tourism into all walks of life and into the economic development of Sanya, improve the overall
social and economic benefits of Sanya, and enable the tourism industry to truly achieve sustainable
development.

3.3. Location based service (LBS)

LBS is a service derived from the ability to identify and transmit location information in e-commerce. LBS
is defined as an application where the user’s location determines the services and information provided. In
other words, users can receive the most appropriate service provided by the service provider according to
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his location at a specific time. Therefore, both the users and content providers can benefit from it. In addition
to meeting business needs, its services can also be extended to general consumer applications, in which
different services can be provided to consumers according to their different locations. Recently, telecom
companies in many countries are actively introducing new applications of information services. Due to its
location-tracking ability in mobile communication, LBS is expected to play an important role in the
telecommunications industry. However, the problem with LBS is that it is aimed at mobile users. Because
the operation interface of Web services of mobile devices is completely different from that of computer
web services, any complex application services will lead to consumer resistance [!!l. Therefore, the
development of LBS must make effective use of mobile devices and correctly introduce recommendation
mechanism.

ScoreR = Y-, ¥t Wya; X [ia; (1)

ScoreR represents the recommendation score given by the system. The number of attribute items is n,
and the number of values of each attribute item is m. I;a; represents the j-th attribute value in the i-th
attribute item in the advertisement. W;.a; represents the user preference represented in the j-th attribute
value of the i-th attribute item.

In addition, the recommendation system also has an important function, that is, the ability to record
user behavior and build personalized “historical data”. By analyzing the “historical data”, the goal of
making the recommended items closer to the actual user preferences can be achieved. In the design of
recommendation mechanism, a recommendation equation with different recommendation scores based on
item attribute form is proposed.

Location-based information is a set of items that portray location attributes. Assuming that H;, is an
attribute set of LBS items, and then datasets can be represented as follows:

(Hll'H12'H13' ""Hlm')
(Hzl, HZZ, H23, ...,Hzm') ) (2)
(Hnlf HTLZI Hn3' ey Hnmr)

i =1,2,3,...,n (the number of data items) 3)
k = 1,2,3, ..., m (the number of attributes) 4)

Data sets include dynamic and static attributes. Since static attributes do not affect user preferences,
this search will not use static attributes when calculating recommendation scores. On the contrary, dynamic
attributes can be simply divided into two types: digital attributes and directory attributes. Therefore, the
recommendation scores will be calculated according to these two different attribute types ['*!. The specific
model structure is shown in Figure 1.
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Figure 1. The architecture of location-based service recommendation model

The location-based service recommendation model can integrate mobile services and realize
personalization and location-tracking. The model is divided into registration module, recommendation
module, and preference adjustment module, which are interconnected through the database.

3.4. The significance of the smart tourism construction countermeasures in Sanya

The construction of smart tourism is the result of scientific and technological progress and the development
of the information age. It is also an inevitable requirement for the transformation and upgrading of
traditional tourism to modern tourism. The degree of smart tourism construction in a place determines the
level of development of local tourism and also affects the level of local socio-economic development. Smart
tourism can not only improve the service management level of tourism enterprises and tourism management
departments, help tourists more convenient, personalized, and efficient to achieve tourism purposes and
meet tourism needs, but also promote the construction of modern economic system and urban construction
in Sanya, as well as improve the opening-up level in the field of tourism consumption and the
comprehensive competitive strength. The construction of smart tourism in Sanya is in line with the spirit of
the 19th National Congress of the Communist Party of China and the overall requirements and strategic
direction of socialism with Chinese characteristics in the new era. It is an important deployment of China’s
reform and opening up 40th anniversary and Hainan Province’s 30th Anniversary Special Economic Zone
to adhere to reform and innovation, implement new development ideas and supply side structural reform.
Therefore, it is imperative. This study can not only enrich the theoretical system of smart tourism
construction in Sanya, but also has great practical significance to improve the smart tourism construction
in Sanya and promote the economic and social development of Sanya.

4. Review of local and international research

4.1. Summary of local and international smart tourism research

Domestic scholars’ research on smart tourism mainly focuses on two aspects: theory and practice. On one
hand, it is about the concept of smart tourism, mainly from two angles: one is to discuss the concept of
smart tourism from the perspective of means of tourism development and tourists; another one is to discuss
the concept of smart tourism from the perspective of tourism management, service, and marketing. On the
other hand, it is mainly about the construction and practical application of smart tourism system, focusing
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on smart tourism public service system, smart tourism comprehensive management system, and smart
tourism marketing system. Through reading and analyzing retrieved foreign literatures, it was found that
foreign scholars’ research on smart tourism also focuses on two aspects which are theory and practice.

4.2. Analysis of local and international research status

Scholars at home and abroad have studied smart tourism from both theoretical and practical aspects. In the
research on the concept of smart tourism, the content ranges from the perspective of tourists to tourism
service, management, and marketing, thereby putting forward the related research on practical application.
By combining the core viewpoints of high-quality local literature and abroad, and classifying and
comparing their theories, it can be found that the pertinence and practicability of foreign research on smart
tourism are very prominent. First of all, smart ecotourism system for tourism destinations need to be formed,
and the construction of smart tourism need to be combined with the construction of smart cities, so as to
realize the integrated development of multiple industries. The sharing of tourism information resources
needs to be maximized, the development of the whole tourism supply chain needs to be improved, and fair
distribution of the benefits of tourism development in the local society needs to be ensured, which will
more conducive to the harmonious and healthy development of tourism. Secondly, an integrity system of
the tourism market needs to be established by using the network evaluation platform to help tourists in
searching information before travelling through effective data exchange, reduce the risks encountered
during purchase, improve tourism quality, and enable tourists to spend more in tourism destinations.
Besides, it provides a service guarantee for tourists which will help in realizing a benign and sustainable
development of a smart tourism industry chain.

In contrast, domestic research on smart tourism focuses on service, management, marketing, and other
development models in theory and practice. Practice precedes theory. Most of them are through scientific
demonstration, induction and summary of the existing service, as well as management and marketing
technologies and methods in tourism scenic spots, hotels, and other industries. This creates a practice first
technical system, causing lack of overall research, loss of direction in specific practices, and waste of
resources. First of all, in practice, the pilot construction of smart tourism is mainly aimed at the scenic spot.
Although it has achieved initial results, its practicability needs to be improved. Compared with the
construction of smart tourism abroad, it is lacking in the development of ecotourism, does not integrate the
resources of various industries in the city to form a complete tourism supply chain, and the sharing of
tourism information and data is insufficient. Secondly, each research direction is also relatively independent,
and there is a lack of detailed research on different aspects as well as combining different aspects as a whole.
The wisdom of smart tourism should be based on data, integrating the services, management and marketing
data of tourism, realizing “Internet plus” big data, and accelerating the integration of management and
control platform. According to the current situation and development needs of smart tourism construction,
attention should be given to the self—scalability of tourism information system design and development.

5. Research methods
The research methods mainly include literature research, comparative analysis, questionnaire survey and
field interview. The specific research methods are as follows:

5.1. Literature research method
Literature research method is an investigation and research based on the collection of previous research
results. In this study, the data was collected from China National Knowledge Infrastructure (CNKI), Baidu
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Academic, VIP, and other foreign academic websites and library materials. Besides, a large number of
relevant literatures and information regarding the development process of smart tourism at home and abroad
were sorted out. The core concept connotation of smart tourism were studied amd understood, and the
achievements made in the construction of smart tourism and its related theories at home and abroad were
summarized. Furthermore, the relevant reports on the construction of smart tourism in Sanya were
comprehensively analyzed by collecting the mainstream media and official networks, as well as the relevant
documents issued by the government on the construction of smart tourism in Sanya. In this way, more
theoretical basis for this study can be provided thus ensuring the reliability of this study.

5.2. Comparative analysis

By analyzing the successful cases of domestic smart tourism construction, the success factors were
summarized and used as references in this study. Through comparison and comprehensive thinking, it was
found that there is a gap between Sanya’s smart tourism construction and other successful domestic smart
tourist spots. Sanya’s own characteristics were incorporated to learn from each other and explore the path
of smart tourism construction in line with the actual situation of Sanya.

5.3. Questionnaire survey method

Questionnaire survey is a research method widely used in the field of social science research. In this study,
a Sanya smart tourism experience questionnaire were created using “questionnaire star” intelligent software
and was distributed through WeChat. This platform was used due to its openness thus making the
questionnaire data more comprehensive. With that, the current situation and existing problems of smart
tourism construction in Sanya can be better understood. Then, the statistical data and opinions and
suggestions in the questionnaire were sorted out for in-depth research.

5.4. Field interview method

By diving deep into tourism management departments, scenic spots, hotels, travel agencies, and other
tourism enterprises, participating in observation and experience, interviewing relevant personnel,
personally experiencing the construction of smart tourism in Sanya, more first-hand data were obtained,
enhancing the credibility of the research, and providing an effective basis for this research and analysis.
The detailed technical route is shown in Figure 2.

Selected topic |

U

Collect and organize the relevant Discuss the research background, purpose

information and significance
i
Review the literature to determine the
research content and methods
U
Analyze the successful cases of the
construction of domestic smart tourism
Investigate and analyze the u
current situation
SWOT analysis, questionnaire survey and
field interview of smart tourism
construction in Sanya City

U

Discover and explore the Analyze the current sirflalion and exislix?g

1 problems of smart tourism construction in

problems X
Sanya City
I T
Put forward countermeasures and
| solve the problem |— suggestions for the construction of intelligent
tourism in Sanya City

Figure 2. Technical route
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6. Conclusion

From the above analysis, this study is mainly based on the new public service theory, new public
management theory, AISAS (Attention-Interest-Search-Action-Share) marketing theory, and smart tourism
3S (Sun, Sea, and Sand) theory. The smart tourism construction in Sanya was used as an example, the
current situation of smart tourism construction in Sanya was investigated through a variety of research
methods, and the existing problems were analyzed. Countermeasures for the construction of smart tourism
in Sanya were also put forward from the perspective of tourism management departments, tourism
enterprises and tourists, as well as smart tourism service, management, marketing, and talent training. Based
on the research on the construction of domestic smart cities, this paper draws a conclusion that the
construction of smart tourism and smart cities should also learn from foreign experience, use the new
generation of information technology, optimize the allocation of tourism resources, integrate resources,
nurture professional talents, and realize the goal of Sanya’s comprehensive development of tourism
construction.
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1. Introduction

Financial leasing is a transaction activity in which the lessor purchases leased goods from the supplier,
leases them to the lessee for use, and collects rent from the lessee according to the lessee’s requirements
for the leased goods and the supplier. Financial leasing has financing attributes, and it is a product of the
development of market economy to a certain extent. In view of its flexible transaction structure and absence
of collateral, financial leasing has been favored by customers since its launch. The penetration rate of the
financial leasing market in the United States, Canada, Australia, and Spain has exceeded 20%, becoming
the second largest financing method after bank credit.

The leasing industry has entered a high-growth period and benefited from the development of bank-
based leasing companies. The establishment of financial leasing companies by banks is not only an
inevitable market-oriented operation, but also the result of interest rate marketization. Bank-based leasing
companies have flexible transaction structures, multiple profit models, strong financing capabilities, no
established deposit and loan spread returns, no housing and land collateral required, and their pricings are
not bound by interest rate controls. Therefore, under the conditions of interest rate marketization, an in-
depth study of lease pricing methods and models is conducive to the construction of credit pricing models,
the adaptation of banks to the competitive environment of interest rate marketization, and their core
competitiveness.

Whether from theoretical research or empirical research, financial lease pricing is the core of financial
leasing research. From existing studies, there are financial lease pricing based on certain perspectives and
also financial lease pricing for a single industry. First of all, neither industrial differences are fully
considered nor the different operating characteristics of different industries are integrated to design different
pricing schemes in financial lease pricing. Secondly, the design of the pricing scheme of financial leasing
products is inflexible in the design of the rental payment method and does not take into account the real
economic activities of the lessee, especially the outflow and inflow patterns of the lessee’s operating cash
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flow. A lease transaction involves three parties and two contracts, namely the purchase contract between
the lessor and the supplier as well as the lease contract between the lessor and the lessee. The two contracts
correspond to each other, are intertwined, and mutually exist; together, they constitute a financial leasing
transaction. Although the lessee is not a party to the purchase contract, the terms of the purchase contract
shall be approved by the lessee and the lessee’s terms shall be confirmed by the lessee. Although the
supplier is not a party to the lease contract, it should be accepted that the leased property of the purchase
contract will become the leased property of the lease contract and be shipped directly by the supplier to the
lessee. Financial leasing plays a role in serving the real economy. In financial leasing transactions, higher
requirements have been put forward for financial lease pricing due to the individual needs of lessees, risk
avoidance of lessors, and the development of the financial market.

We reviewed several studies under Section 2 and established a pricing model under Section 3. We
discussed the results and analyzed a case under Section 4. We then concluded the study in Section 5.

2. Literature review

The initial results of research on financial lease pricing are as follows: Ding Yong and Ge Xiang !
quantified the factors affecting the pricing of aircraft depreciation, tax credit, and residual value, and used
the net present value method to conduct a static study on leasing pricing; according to Yang Chunmei [,
the main factors affecting the rental pricing of the leasing formula include the leasing company’s discount
rate, the purchase price of the leased property by the leasing company, and the rate of return required by
the leasing company; the study analyzed the income fluctuation model under the influence of interest rate
risk, default risk, and exchange rate change; White Clarke Group published a global leasing report [*! that
includes real-time information of the global leasing industry, sorted out the current situation and
development of the global mainstream leasing companies, and provided authoritative data of the global
leasing industry; Chen Wei Ting and Huang Kuan Cheng ¥ proposed that with improvement in asset-
liability ratio, financial leasing is conducive to reducing costs by establishing a lease pricing model; based
on the cost plus method, combined with the lessor’s investment in financial leasing aircraft projects, Wu
Guoxiang ©*! constructed a lessor’s aircraft financial leasing rent pricing model under the condition of
dynamic interest rate financing and used the the Monte Carlo method, based on the CIR Interest rate model,
to simulate the path of dynamic financing interest rate, discount the initial investment cost, expected profit,
risk return, and management expenses of the lessor, as well as calculate the rent under this path, concluding
that the Monte Carlo simulation method can be used to theoretically determine the rent price.

The focus of financial lease pricing research has been on option pricing theory. There are challenges
in applying the aforementioned methods due to the difficulty in quantifying a company’s value. This paper
uses a case of financial leasing, adheres to the basic concept of asset pricing model, analyzes the basic
elements that affect lease pricing, establishes lease pricing models, and conducts an empirical analysis.

3. Model

3.1. Pricing principle

The lessor owns the leased property, and the lessee pays rent to the lessor on a regular basis. The ownership
of the leased property is transferred to the lessee after the lessee pays the rent. From the lessee’s perspective,
financial leasing is preferred over purchasing, owing to the lessee’s own business development strategy and
market risk management level. When using a financial lease to procure a leasehold appraisal, it is a
requirement of the lessee that the discounted value of the benefit of the leased item is greater than that of
the rental income. With financial leasing, the lessee is able to control costs, maintain the stability of cash
flow, prevent fluctuations in net profit caused by fluctuations in interest rates, and achieve profit growth.
The centralized procurement of leased goods allows for preferential prices, and the bargaining power of
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customers can be improved through financial leasing. Financial leasing companies have stronger market
risk management level and financing ability with respect to their professionalism.

Leasehold is an investment instrument; the lessee pays the rent on time, and the lessor receives a stable
cash flow. The risks faced by the lessor include the lessee’s credit default and financial market fluctuations.
The lessee’s credit risk can be hedged by mortgage or margin. The lessor’s lease price includes the follows:
the first is principal and interest, in which the principal is the cost of the initial investment, while the interest
is generated by the lessor’s installment payments; the second is expected profit and risk reward, where the
lessor uses the leased property as an investment instrument, with a purpose of obtaining a return on
investment and a reward for risk; this means that the lessor obtains a reward for risk based on the lessee’s
creditworthiness; the third is transaction costs, which include fees incurred, salaries, travel expenses, etc.

3.2. Influencing factors of pricing models

On the lessee’s side, when calculating the annual rental payment, the size of the expected revenue from the
operation of the project may vary to a significant degree among companies of different nature and operating
levels. The factors that affect lease pricing are revenue, cost, tax rate, depreciation, etc., as shown in Table
1.

Table 1. Factors to be considered by lessees when pricing a lease

Factors Parameters Meaning

Cost v, Lease cost in period t
Revenue F, Lease revenue in period t
Lease term n Lease term

Principal amount I Principal amount

Tax rate z Tax rate

Rent H Rent per period
Residual value S Residual value at end of period
Discount rate i Discount rate
Depreciation period j Depreciation period
Depreciation amount Z Depreciation charged in period t

From the perspective of the lessor, the costs and risks of the financial leasing project need to be
considered in the pricing process. The factors that affect pricing are the cost of capital, the cost of risk, the
cost of carrying out the project, the term of the lease, and the expected rate of return. The total revenue
comes from the rent paid by the lessee in the financial leasing project. The handling fee and deposit are
paid in a lump sum, but can be apportioned to the rent of each period. These factors are further discussed
in Table 2.

Table 2. Factors to be considered by lessors when pricing a lease

Factors Parameters Meaning
Cost of risk R All risks included
Cost of funds C Cost of funds
Purchase cost u Price

Rent H Rent per period

(Continued on next page)
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(Continued from previous page)

Factors Parameters Meaning

Lease duration N Lease duration

Age of aircraft Y Years of use

Down payment percentage A Percentage without financing
Residual value rate £ Residual value rate
Depreciation Z, Depreciation per period
Cost of capital b Cost of capital

Risk premium w Risk premium
Depreciation period N, Depreciation period

Tax rate z Tax rate

Discount rate i Discount rate
Earnings rate g Revenue net of cost of capital and cost of risk
Internal rate of return IRR Real rate of return

3.3. Model establishment

The determination of rent is a game between the lessor and the lessee to maximize revenue. From the
lessee’s perspective, financial leasing expands the scale compared to the purchase of equipment, which is
more beneficial to the customer’s own operations and superior in financing difficulties. From the lessor’s
perspective, the premise of financial leasing is that the expected recovery will cover the total investment in
the project and bring profit. Financial lease pricing considerations include calculating the price of rent
distribution and rent based on the lessor’s cost, while taking into account of the lessee’s risk and the lessor’s
expected profit; as well as considering the lessee’s rental affordability, where the discounted value of the
rent should be less than the lessee’s additional benefit from the lease.

3.3.1. Pricing models for lessees

The lease price is affected by the rights, obligations, risks, and rental payment method. The rental price can
be determined only by setting reasonable trading conditions. The following assumptions are made: (1) the
lease contract stipulates that the ownership of the leased property is transferred to the lessee after the
payment of the last installment of rent; (2) the lessee has a stable income; (3) the lessor uses leverage lease,
the initial investment is raised from the market, and the lessee provides guarantee. The equal principal
method is used by the lessor to repay the capital. The rolling loan method is adopted, and the principal and
interest repayment method is consistent with the lease contract. The lessee should meet the basic
assumptions when using financial leasing; the present value of rent should be less than the profit and tax
saving effect of the lessee, which can bring benefits to customers.

When

R0, VGV,

(1-z)F -V,)+D,x T H

d @+W4’t_(+n1 dz (i, +1) = (1+i, )

the results are as follows:
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Therefore,
(1) if depreciation is accrued by the sum of years method,

7z 22-t4) g g,
it+])
(2) if the straight-line depreciation method is adopted,

1(s+1)
j

Z =

b

(3) if the double declining balance depreciation method is adopted,

4]
GRS

There are many factors that affect the rental income, such as risk preference and credit rating, so the
transaction structure must be designed according to the needs of customers. The risk portfolio management
requirements and risk management objectives are achieved using the risk premium to adjust the asset
structure.

3.3.2. Pricing models for lessors
Trading conditions may have an impact on the yield. The impact of different trading conditions on the lease
offer is analyzed. The following assumptions are made: (1) customers can generate stable cash flow; (2)
the principle of profit maximization for lessors; (3) the equal principal method is the rental payment method.
Direct leases, which generally use the equal principal method, are considered in this paper. The payment
method of rent is postpaid without security deposit.

For the lessor, the present value of the cost recovery is the purchase price of the aircraft less the salvage
value and the present value of depreciation. Translating this cost into rent is shown in the following equation:

B N Zx |IRR(IRR+1)
H_[u(l'g)';(ioﬂ)i (IRR+1)" -1

n N
where w is the investment return factor, and {u(l—g)—z

Z
(IRR+1)' -1 o (i +1)

the machine net of salvage value less the tax credit gain. IRR =b +w +q.
When the lessor’s return is 0, IRR = b.

} is the purchase cost of
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The rent is related to the market power of the lessee and the lessor. Small airlines have weak resistance
to market risk and high credit risk, resulting in weak bargaining power and high rents for small airlines and
leasing companies; on the other hand, big airlines have an advantage in market share and scale and will
hold down rents. In market segment regional aircraft leasing, some leasing companies have a monopoly in
the selection of aircraft, fleet planning, and lease term; the rent is the result of negotiations between the two
sides.

4. Analysis

Considering macroeconomic and regional economic characteristics, the pricing offset by industry risk
premium and regional risk premium, leasing company funding sources, and liquidity risk pricing are not
only conducive to the use of price leverage to optimize the asset mix and adjust the asset structure, but also
to the achievement of business objectives and risk management.

The pricing model established is used in the empirical analysis. The financial reports published by
Shanghai Stock Exchange were compiled to analyze the composition of NH Airlines’ fleet and estimate the
annual cash flow that a particular aircraft could generate. Subsequently, the data were used in the pricing
model for analysis to derive the model’s quoted price, and the quoted price was compared with the
transaction price of the actual business to verify the reasonableness of the model.

The revenue structure of NH Airlines is shown in Table 3.

Table 3. Proportion of income in 2019

Revenue Amount (M USD) Proportion
China 16,320.14 68.74%
Europe 2,687.58 11.32%
North America 2,191.37 9.23%
Asia-Pacific 2,542.75 10.71%
Total 23,741.84 100%
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In terms of the percentage of aircraft types, NH Airlines’ aircraft types are divided into passenger and
cargo aircraft. NH Airlines’ 2019 fleet composition is shown in Table 4.

Table 4. Number of aircrafts in 2019

Model Self-possession Financial leasing Operating lease Total
380 4 1 0 5
350 0 8 0 8
330 4 29 12 45
320 96 103 116 315
787 4 25 8 37
777 8 21 0 29
737 157 81 163 401
747 2 0 0 2
EMB190 6 0 6 12
ARJ21 1 4 0 5
Total 282 272 305 859

NH Airlines’ return on equity (ROE) is shown in Table 5.

Table 5. Financial analysis (M USD)

Shareholders’
Year Net profit Income tax equity Depreciation Interest EBIDT ROE
2019 476 150 12,092 2,323 1,138 4,087 3.94%
2018 531 159 12,015 2,077 785 3,552 4.42%
2017 1,051 302 9,554 2,046 169 3,568 11%
2016 906 271 8,415 1,831 892 3,900 10.77%

Abbreviations: EBIDT, earnings before interest and taxes; ROE, return on equity

The data in Table 5 were taken from the financial statements in NH Airlines’ annual reports from
2016-2019. EBIDT, which is an abbreviation for earnings before interest and taxes, is the net income plus
interest, depreciation, and corporate income tax for the year. Using EBIDT to determine the company’s
revenues is more logical than using net income because the airline industry is capital-intensive with high
depreciation charges, and NH Airlines has high financial leverage and pays a high amount of interest per
year. Adding net income to the current year’s depreciation, interest, and income taxes paints a better picture
of the airline’s profitability.

The aircraft types for European and North American routes are mainly large passenger aircrafts, such
as the A350 and B787, and the revenue from this segment is excluded from EBIDT as a percentage of total
revenue. Most of the Chinese domestic airlines operate international routes at a loss, and extrapolating the
above ratios to estimate the revenue of aircraft other than those flying to Europe and the United States
would underestimate the EBIDT. From the financial leasing company’s perspective, a deal can be reached
if the final pricing rate is within an acceptable range for both parties.

With the exception of European and American routes, the revenue from other routes accounts for 79.45%
of the total revenue, and the EBIDT is 18,862.89M USD (18,862.89 = 23,741.84*79.45%). The models
that generated this EBIDT and the relevant data are shown in Table 6.
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Table 6. Number of aircrafts

Model Number Seating capacity Total seats
A330 45 301 13,545
A320 315 177 55,755
B737 401 159 63,759
Total 761 637 13,3059

This short- and medium-haul model has a 79.93% level passenger load factor, and the EBIDT generated
is 178.43K USD (178.43K USD = 18,862.89M USD/[13,3059%79.45%)]).

The case study is based on Boeing B737. One B737 can generate an annual revenue of 25.09M USD
(25.09M USD = 177*18,862.89/13,3059). The above data were matched with the model parameters
shown in Table 7.

Table 7. NH Airlines’ related data

Parameter Amount (M USD) Description
F,-V, 25.09 Cash flow in period 0
u 76 Boeing 737 price
Z, 3.8 Depreciation amount
N, 20 Depreciation period
z 25% Tax rate
q 6% Growth rate
i 3.80% Discount rate
ROE 7.53% Return on net assets

In Table 7, the Boeing B737 price is the price of the B737 aircraft purchased by NH Airlines in
December 2019, the discount rate is the interest rate of China’s three-year treasury bonds, the growth rate
is projected according to the level of China’s GDP growth, and the return on net assets refers to the average
of the last 4 years for NH Airlines.

Following the input of the above data into the established pricing model, it has been found that NH
Airlines paid a minimum of 6.12M USD and a maximum of 8.43M USD per year with an IRR between
5.71% and 10.65%.

5. Conclusion

This paper establishes a financial lease pricing model based on the financial lease offer strategy, taking into
account the cost of capital, operating capacity, depreciation, residual value, and other factors. The model
was empirically validated through a case study of Boeing B737 aircraft lease pricing, concluding that the
model can provide a more accurate price floor for financial leasing companies. Based on the established
pricing model, once the transaction price floor of the financial leasing company is determined, the financial
leasing company can play the price game with the lessee according to the market competition and develop
a leasing plan that is more in line with the maximization of revenue based on its own price floor. If there
are other parameters that are measured and found to have a greater impact on the lease pricing results in the
aircraft leasing case, these parameters can be dealt with by referring to the aforementioned method of
establishing the pricing model, so as to further optimize the existing model and better protect the interests
of the financial leasing company.
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enterprise asset restructuring accounting, this paper discusses the causes of the accounting deficiencies in enterprise asset
restructuring from various perspectives, including asset restructuring concept, financial authority and responsibility authority,
as well as commercial credit, and subsequently proposes corresponding optimization strategies, which include strengthening
asset valuation, enhancing information disclosure of connected transactions, improving relevant accounting standards, as well

as strengthening information audit and improving related systems.

Keywords: Asset restructuring; Accounting problems; Analysis of causes; Optimization strategies
Online publication: October 21, 2022

1. Introduction
It is important to analyze the existing problems of enterprise asset restructuring accounting, the causes, and
their countermeasures.

1.1. Research background and significance

With the expansion of economic globalization and the deepening of international division of labor, there is
a high degree of integration in the world economy. Economic integration is the result of contemporary
world economy and a trend reflecting long-term stable development in the future. For enterprises, it is of
utmost importance to meet the development trend of market economy and occupy a presiding position in
the fierce market competition ['. In the face of continuous competition and improvement, enterprises will
eventually undergo asset restructuring; hence, analyzing the existing problems of enterprise asset
restructuring accounting, the causes, and their countermeasures is critical.

1.2. Current status of local and international research
The current status of local and international research is relatively sound.
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1.2.1. Accounting practice in asset restructuring

There are two methods. The first is the equity combination method, which involves the union of two or
more parent companies to another subsidiary or group under them in terms of economic or other aspects 1.
The second is the purchase method. This method involves the merger of one or more companies for cash
or the transfer of assets, the assumption of debt or the issuance of stock, as well as the acquisition of rights
to control their net assets.

With regards to the accounting practice in asset restructuring, China adopts a combination of both
methods in dealing with businesses *. Theoretically speaking, the purchase method can better reflect the
essence of asset restructuring, but the development of appraisal institutions and even China’s market
economy is still flawed. However, it is feasible to adopt the purchase method of accounting to replace the
equity method for business restructuring provided that the market economy improves.

1.2.2. Accounting standards and system level

The national accounting standard is an established system of the current management process system for
state asset restructuring. However, this accounting standard has certain irregularities in some aspects,
especially those pertaining to the recognition of profit and loss as well as the measurement and calculation
of profit and loss attribution for asset restructuring in the actual accounting work . Although most of the
listed companies in China adopt enterprise asset restructuring, which can effectively avert the accounting
disadvantages and loopholes that may be brought about by the traditional enterprise accounting method,
and thus promote the convergence of the asset restructuring accounting standard and other international
accounting standards by modern Chinese enterprises, its practical role is still limited 1,

At present, China only has a general management for asset restructuring without any specific guidelines
to regulate it, which permits enterprises to take advantage of these gaps. Therefore, there is a need for the
relevant management to make strict and explicit regulations as soon as possible to improve the restructuring
of assets [°],

1.2.3. Accounting environment level
The accounting management activities of many large companies is primarily carried out in an economic
environment with a certain degree of objective reality following asset restructuring. If the accounting
environment we now live in is not above average, the work carried out after asset restructuring will be
cumbersome, thus leading to inefficiencies.

First of all, economic and social activities are often the sequalae of various enterprise accounting
problems, including the corruption and illegal accounting practices of many large companies 7.

As aresult, the actual work of enterprises will be substantially more than the pre-planned cost. This is
not conducive to the sustainable development of enterprises in the long run.

A more standardized and accurate accounting information collection, which is strictly in accordance
with the high standard quality requirements of enterprises, can effectively improve the quality of enterprise
accounting information collection. In China’s enterprise system reform, maintaining international financial

stability and other aspects plays a role in promoting the development of its capital foreign currency market
(8]

1.2.4. Financial reporting level

Some listed companies believes that the primary goal of launching preparations for asset restructuring is to
be able to achieve the beautification of financial statements in a relatively short period of time. However,
the actual purpose is to optimize the allocation of resources by enhancing the core competitiveness of listed
companies and to transform the expenses arising from the loss of assets into company profits through
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effective and legal means.

The consolidation of financial statements of the parent company and the group over which it has control
of is required to understand the company’s operations and obtain aggregated information on the various
divisions of the company °!. These consolidated financial statements of the parent company are required to
prevent the parent company from transferring assets or assuming liabilities and internal transactions to
obtain and manipulate profits.

Therefore, in order to preserve the company’s external investors’ and shareholders’ confidence in the
company’s blueprint as well as to prevent fluctuations in the company’s share price, the usual tactic used
in the process of mergers and acquisitions is the preparation of consolidated financial statements and a
deliberate whitewashing of these statements to disguise them as required by the group company through its
control relationship with the parent company and subsidiaries, thus categorizing them as enterprises
generating high profits and releasing false financial reports. This engenders restructuring a tool for some
enterprises to whitewash their financial statements and achieve the purpose of artificially manipulating
enterprise profits, which would inevitably affect their long-term development 1%,

2. Analysis of the causes of accounting deficiencies in enterprise asset restructuring
Enterprises may have various accounting deficiencies in the process of asset restructuring. Therefore, it is
imperative to analyze the causes of these deficiencies.

2.1. Asset restructuring concept

Large enterprises do not have the resources to carry out business activities, while small enterprises simply
do not have the ability and lack professional and technical personnel to carry out business management
activities '], The dominant position of enterprises often causes significant problems in corporate awareness
or management concepts, such as satisfying the status quo of enterprises and not seeking for everything as
well as the sole focus of enterprises in seeking for regularity, but not advancement. This fully reveals the
poor management of some of our large enterprises and also the primitive moral concepts, poor risk
awareness, and weak awareness of benefit distribution of some of our large enterprise managers ['2/,

2.2. Financial authority and responsibility authority

Managers are directly linked to the management of enterprises, while shareholders are responsible for
enterprises as their legal entity. Investors should accurately grasp the major strategic decisions of state-
owned asset restructuring. Additionally, when exercising their power, they must control the major corporate
financial budget issues accurately and decisively, consider the direction of state-owned enterprises for a
sound and healthy development, as well as improve the stability of capital in the future development stage
of enterprises ['*],

2.3. Commercial credit

Commercial credit is a loan relationship between enterprises formed in a commodity transaction due to late
payment or advance receipt of payment. Many state-owned enterprises are using it at this stage. During the
economic transition period in China, it is not an easy task for enterprises to borrow from the bank; thus,
when enterprises are unable to borrow from the bank, commercial credit has become a way for external
financing 4. As the economy in China continues to grow in real terms, banks are becoming more and more
stringent in their lending conditions to enterprises, and commercial credit is gradually replacing bank
lending. However, more research is needed on the problems encountered by enterprises in obtaining
commercial credit and borrowing from third parties through commercial credit %,
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3. Optimization strategies for enterprise asset restructuring accounting

3.1. Strengthening asset valuation

As the primary component of asset restructuring in China, asset valuation is pivotal in the process of
enterprise asset restructuring. Firstly, it is necessary to strengthened the supervision of relevant valuation
agencies, so that they can truly become the principal organs of the national unified asset management
services in the true traditional sense of the contemporary state-owned asset management appraisal service
industry in China. Secondly, it is imperative to enhance the basic professional ethical standards and relevant
professional and technical qualities of the practitioners in fixed asset valuation service institutions. The
development prospect of the enterprise asset valuation management business is directly affected by the
professional qualification of asset valuation managers !'¢]. By setting a series of technical standards that are
both, broad and guiding for industry valuation institutions’ practice management, it is possible to achieve
accurate regulation of industry appraisal management results by relevant technical standards. Relevant
valuation laws and regulations can be established and optimized through research. In that way, government
valuation investigators and business valuation investigation results would be based on laws and regulations,
thus achieving a fair competition in the industry 1171,

3.2. Enhancing information disclosure of connected transactions

In the process of enterprise asset restructuring, certain connected asset transactions that are jointly carried
out between listed companies and other unrelated companies are ineffective in helping these companies
avoid taxes and regulate corporate profits in the long run. Therefore, regulating the public disclosure of
information on other related asset transactions have significant guiding significance in the process of asset
restructuring, whether for effectively realizing the reasonable allocation and use of investors’ and other
relevant co-interest holders’ funds or for promoting the effective optimization and rational allocation of
resources as well as improving the operational efficiency of our market [8],

3.3. Improving accounting standards and system level

High-quality accounting standards can improve the quality of accounting information. They also play
certain roles in promoting enterprise reform and the development of capital markets to maintain financial
stability. Therefore, it is important to strengthen the publicity work and education for relevant personnel,
as well as strictly manage the accounting personnel within the enterprise and evaluate their professional
capabilities to achieve merits ['). In order to ensure that the aforementioned strategies are implemented,
enterprises should increase their publicity, so that the accounting standards would be able to reside in the
hearts of every employee and manager, thus enabling them to effectively play their own roles 2%/,
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1. Introduction
The question of whether fiscal decentralization is conducive to more efficient public health expenditure
requires further discussion.

With the outbreak of the pandemic, public health issues have garnered widespread attention from all
around the world. The efficiency of public health expenditure is directly related to the health environment
in which the public lives. The efficiency of public health expenditure in all regions of the country has been
a concern as the scale of expenditure increases. In addition, the existence of the “sticky paper effect” in
fiscal decentralization has caused an inefficiency in the use of central to local transfer funds !'®!. Therefore,
in the context of China’s fiscal decentralization, it is necessary to further investigate the impact of fiscal
decentralization on the efficiency of public health expenditure.

2. Theoretical analysis

2.1. Positive impact of fiscal decentralization on the efficiency of public health expenditure

First, the competition in public health services will stimulate the efficiency of public health expenditure in
each locality. As proposed by Tiebout " in 1956, fiscal decentralization has inspired local governments to
design various tax systems and public goods delivery mechanisms based on local realities. Second, the
reduction in the size of government improves the efficiency of public health expenditure. Generally
speaking, when the size of the relevant sector of public health expenditure is reduced, the operating cost of
the sector will also be reduced, thus forcing the health sector to improve its overall expenditure efficiency
(8-131 Third, the reduction of corruption following decentralization will increase the efficiency of public
health expenditure. Arikan ['*! argues that the higher the degree of fiscal decentralization, the greater the
horizontal competition among governments, and the lesser the corruption. Furthermore, the number of
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voters is another reflection of the performance of local governments, which can place competitive pressure
on local officials.

2.2. Negative impact of fiscal decentralization on the efficiency of public health expenditure

First,the reduction in the size of government public health expenditures reduces the efficiency of public
health expenditures. The efficiency of public health expenditure is affected by the fact that each government
will voluntarily reduce the tax rate in its region due to the competition for capital and residents, which in
turn reduces local tax revenues [!>!%]. Second, the efficiency of government health expenditure is reduced
by increasing the size of government. According to Oates %), fiscal decentralization leads to an increase in
the size of government in China. The reduction in the size of government cannot be explained by this
principle. Third, the increase in corruption reduces the expenditure efficiency. There is no academic
consensus on the impact of horizontal competition among governments on corruption under fiscal
decentralization.

3. Evaluation of the efficiency of public health expenditure

3.1. Test method for efficiency evaluation

In this study, the data envelopment analysis (DEA) model oriented to the output was used. Since the payoffs
to scale of public health outputs are changing as the public health expenditure profile changes, the final
model used was the BCC model with variable payoffs to scale and an output-oriented model. If the k™
assessment unit is DMUK, and the efficiency score is hk, then its efficiency assessment input-oriented BCC
model is as follows:

max hx =), ur Y -u0
5. t2501 Vi Xik = 107-1 ur Y522, vi Xij-u0 <0,
j=L .,nu,vi>er=1,2, ..
s,i=1,2, ..., m 6]

3.2. Data source

The five output indicators of fixed reported infectious disease incidence rate and population mortality rate
of 31 provinces were used as the efficiency decision unit (DUM). Meanwhile, the data used in this article
were from China Health Database, China Macroeconomic Database, and relevant health data reports in the
EPS data platform from 2012-2019. In this paper, 31 provincial governments across China were selected
as the research subjects, and considering the timeliness of the empirical analysis and the availability of data,
the data of 8 consecutive years from 2012-2019 were selected for the empirical analysis.

3.3. Analysis of measurement results based on the DEA model

From the analysis results, Hainan and Qinghai are the provinces that are on the frontier surface and are
relatively efficient. The public health expenditures in these areas are characterized by high output and
reasonable input structure. Provinces with relatively high efficiency are Liaoning and Hunan, whose
efficiency values are above 0.7. For these provinces, the way to achieve high efficiency is to maintain the
existing level of public health expenditure inputs, further reduce redundant inputs, and effectively manage
public health expenditure. Relatively inefficient provinces are remote areas with low-income levels, such
as Jiangxi, Guizhou, and Yunnan, with output efficiency values below 0.6.

4. Empirical analysis of fiscal decentralization on the efficiency of public health expenditure
Having obtained these results on the efficiency of public health expenditures, a new model is needed to
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study the impact of the role of fiscal decentralization in it.

4.1. Indicator selection

The fiscal decentralization indicator was measured as the ratio of local per capita fiscal budget expenditure
to national per capita fiscal budget expenditure and expressed as Fd. From the economic and social
perspective, three control variables were set: regional economic development level (Agdp), local general
public budget revenue (Arevenue), and population density (Density).

4.2. Data description

The data in this paper were obtained from China Urban and Rural Construction Database, China Finance
and Taxation Database, and China Macroeconomic Database in the EPS data platform. Public health
expenditure efficiency, as the core explanatory variable, refers to the integrated technical efficiency (EFF)
evaluated by the DEA model. Fiscal decentralization, as the key explanatory variable, was quantified using
local per capita fiscal budget expenditure divided by national per capita fiscal budget expenditure. The three
control variables, which included the economic development level of each region, local general public
budget revenue, and population density, were processed. The descriptive statistical characteristics of the
variables are shown in Table 1.

Table 1. Descriptive statistical characteristics of variables

. . . . Average Standard Minimum Maximum

Variable name Variable meaning Quantity

value deviation value value
EFF Integrated technical efficiency 248 0.720 0.249 0.159 1
Fd Degree of fiscal decentralization 248 1.084 0.591 0.562 3.656
Agdp Gross domestic product per capita 248 10.84 0.422 9.889 12.01
Areveue Total general budget revenue 248 16.74 0.952 13.37 18.66
Density Population density 248 7.874 0.404 6.939 8.620

4.3. Econometric model
Based on the basic structure of the model and relevant studies from previous literature, the following
baseline regression econometric model was obtained:

EFFit= B, + B, Fdit+ B, Agdp +itB; Areveueit + [, Densityit + &it (2)

4.4. Analysis of empirical results

Table 2. Results of fixed effects regression

Variables M ) 3)
EFF EFF EFF
Fd -0.4108%* L0.8255%%* 20,8938
(0.1787) (0.1656) (0.1763)
Agdp 0.0251 0.0035
(0.1561) (0.1622)

(Continued on next page)
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(Continued from previous page)

Variables 1) () A3)
EFF EFF EFF
Areveue 0.5985%** 0.6266%**
(0.1466) (0.1555)
Density -0.1514 -0.1946*
(0.0987) (0.1039)
Constant 1.1655%** -7.4800%** -7.4321%**
(0.1943) (1.2876) (1.3821)
Observations 248 248 240
R-squared 0.0239 0.2882 0.2954
Number of var8 31 31 30
Province FE Y Y Y

Note: standard errors in parentheses; *** P < (.01, **P < 0.05, *P <0.1

From Table 2, it can be seen that the antecedent coefficient of fiscal decentralization is negative,
indicating that fiscal decentralization has a significant negative impact on the efficiency of public health
expenditure. Second, the level of economic development, local general public budget revenue, and the
control variable set to population density in model 2 have different effects on the efficiency of local health
care expenditure. Third, since the degree of financial autonomy of the Tibetan local government is low, the
regression results of model 3 were obtained after excluding the extreme variable of the degree of financial
decentralization in Tibet, and there was no obvious change in the significance level of each variable, thus
verifying the conclusion of the negative effect of financial decentralization on the efficiency of public health
expenditure.

5. Conclusion

On the one hand, the overall level of China’s public health expenditure’s efficiency has declined since 2014
with certain regional differences, and the decline in its scale is the main reason for the decline in its
efficiency. Although there is a certain degree of inefficiency in public health expenditure, the performance
varies from province to province, and each province adjusts its scale of investment according to its own
situation. On the other hand, control variables were also added to investigate the effect of fiscal
decentralization on the efficiency of public health expenditure, which can also be used to examine the effect
of other influential factors on the efficiency of public health expenditure in each province. This study
concludes that fiscal decentralization is significantly detrimental to the efficiency of local public health
expenditure, which is in line with the majority of studies emphasizing on the negative effect of fiscal
decentralization on the efficiency of local public goods supply.
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1. Introduction

The Yellow River is the foundation and lifeblood of social and economic progress in China [!!. With the
proposal of ecological protection and high-quality development, the establishment and improvement of the
ecological benefit compensation mechanism for this basin is essential. It is necessary to consider the present
stage and future of the Yellow River Basin under the environmental constraints. Various policies are
emphasizing the core role of eco-compensation in the development of the Yellow River Basin and guiding
the establishment of an eco-compensation mechanism for the basin.

The existing eco-compensation mechanism for the Yellow River Basin is flawed. This paper designs a
model to reach the compensation value and proposes the key directions for promoting and improving the
future construction of eco-compensation for the Yellow River Basin. The construction of a higher-level
eco-compensation is called for in order to support the environment and usher in a better eco-service. This
study reaches the exact values of the compensation, thus providing reference for the eco-compensation of
the Yellow River Basin.

2. Literature review

The concept of “ecological compensation” is mostly attributed to payment for ecological services (PES),
which involves the coordination of the interests of all parties through institutional arrangements and the
internalization of the externality of ecosystem services. Its essence embodies the contribution of the party
that destroys the ecosystem to the contributors of ecological protection %3/,

A scientific and reasonable eco-compensation standard is the key to balancing the interests of the
compensation subject (usually the downstream area) and the object (usually the upstream area), which
affects whether the compensation mechanism can function effectively [l At present, the standard
accounting methods for eco-compensation in basins include the method of production service function
value and measuring willingness, as well as the method of cost and expense [”!. The majority of scholars
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believe that the key to determining the eco-compensation standard is to estimate the opportunity cost and
eco-service value provided. In social practice, special attention should be paid to opportunity cost and
information asymmetry. The actual implementation of ecological compensation standards should be
between the opportunity cost sacrificed by ecological service providers and the benefits earned by
beneficiaries (131,

There are apparent regional differences in terms of development among the provinces of the Yellow
River Basin. The development quality and resource efficiency of the central cities in the east are better than
those in central and western areas ['*!. In the upstream, the ecological environment is fragile; hence, the
protection and improvement of eco-services should be the main focus. In the midstream and downstream,
the balance between economic and ecological development should be ensured through systems such as eco-
compensation !4,

Lack of institutional arrangements, uncertain compensation standards, and other loopholes are
emerging in the compensation practice in China ['>!7], Domestic scholars tend to focus on the quantification
of compensation in basins, the determination of the system, and the division of the scope of protection. The
majority of studies are only based on a single reach of the Yellow River Basin [!%!°], Therefore, this paper
analyzes and constructs the game behaviors and strategies of the upstream and downstream of the
transboundary watershed. Adopting the opportunity cost method to measure the loss in the upstream area
and calculate the compensation amount in the midstream and downstream may provide a reference for
improving the horizontal eco-compensation mechanism and promoting the improvement of the river basin
ecosystem as well as the realization of the overall economic balanced development of basins.

3. Study area and data

3.1. Study area

The flow area of the Yellow River Basin accounts for about one-third of China’s land area. However, the
comprehensive development level of the basin is relatively subpar. The differences in characteristics, the
ecological vulnerability of the basin, and over-exploitation problems are evident; the regional economic
gap is widening; the ecological environment endowments, the environmental carrying capacity, and
environment itself are limited, with scarce water resources. In recent years, there have been many
interruptions, and the midstream is under great pressure to control the discharge of pollutants in the
watershed.

The study area is based on the nine provinces of the basin. The upstream provinces included Qinghai,
Gansu, Inner Mongolia, Sichuan, and Ningxia, while the midstream and downstream provinces included
Shaanxi, Shanxi, Henan, and Shandong. Since the economic value of primary and secondary industries in
Sichuan is higher than the average level of all the provinces in China, this study did not consider the
compensation for Sichuan Province.

3.2. Data collection

The eco-compensation standard is a complex system. Based on existing studies [!*?°! we selected several
indicators to construct a model that could be used to measure the value of compensation, considering
different relating factors of eco-compensation, data availability, and scientific objectivity. The values of
gross national product, ecological construction and protection cost, investment in the treatment of wastes,
and other data in the provinces from 2011 to 2020 are also obtained from China Statistical Yearbook and
China Environmental Statistical Yearbook.
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4. Materials and methods

4.1. Construction of an evaluation index system

There are different relating factors of eco-compensation. Based on scientific objectivity and data
availability, we selected several indicators to construct an evaluation index system of standards of eco-
compensation for the basin to measure the value of compensation.

R=C XK XKy X Ey (1

Among them, C; is the total annual cost of ecological protection in the upstream, and K represents
water allocation coefficients; K, represents the water quality correction coefficient, while E; represents
the benefit distribution coefficients. Since the water quality of the Yellow River’s main stream is generally
good, with 90.93% of the water reaching Class III water standard, take 1 as the value of K.

The water allocation coefficient is the proportion of water consumed in the downstream area to the total:

Kf =Wy/W,,0<K;<1 (2)

According to the hydrological series from 1956 to 2010, adopted in the “Revision Report on
Hydrological Design Achievements of the Yellow River Basin,” the annual average natural runoff reaches
48.2 billion m®, of which the total water diversion in the upper streams is 13.39 billion m?; thus, K; =
0.278.

4.2. Basin eco-compensation model based on opportunity cost

We selected relevant indicators to construct an evaluation system to measure the cost. Based on previous
literature 12°1 we calculated the cost and compensation amount of the upstream from three aspects: water
quantity, water quality, and benefit distribution. We collected the data from the statistical yearbooks of
various provinces. The calculation model of the annual compensation amount is as follows:

Ct = Cl + CZ (3)

where C; is the total annual cost of ecological protection in the upstream, C; is the water allocation
coefficient, K, is the water quality correction coefficient, and C, is the benefit distribution coefficient.

C, = (Dr - Ur) X N, + (Dc - Uc) X N 4)

D, is the per capital income of farmers in the midstream and downstream; U, is the per capital income
of farmers in upstream; N,. is the agricultural population in the upstream; D, is the per capital income of
urban residents in the midstream and downstream; U, is the per capital income of urban residents in the
upstream; and N, is the average urban resident population in the upstream.

4.3. Basin eco-compensation apportion model

When determining the specific value of the ecological compensation amount, the economy of the
compensation areas must be considered. Hence, the benefit distribution coefficient is introduced, with the
following formula:

et x GDPd

_ 5
"~ (14 e®) X GDP ©

Eq
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where ¢ is the Engel coefficient of the provinces in the midstream and downstream; GDP, is the GDP of
the provinces in the midstream and downstream; and GDP is the gross national product of the year. The
Engel coefficient and GDP data of the provinces in the midstream and downstream in 2011-2020 are
obtained from the statistical yearbook data of each province. The corresponding benefit distribution
coefficients and compensation amount are calculated according to formula (5).

5. Results analysis

The total cost of ecological protection in the upstream is calculated based on formulae (3) and (4). From
Table 1, it can be seen that the value of the cost among upstream provinces varied from 2011 to 2020,
fluctuating between 11 billion and 19.85 billion yuan; however, the values are high in each province. The
cost of ecological protection is inextricably linked to the ecological and social differences between them.
The mean value of the total cost reached more than 164 billion yuan.

As is indicated in Table 2, the values of benefit distribution coefficients of the midstream and
downstream varied from 0.0160 to 0.0816. The values in Shandong and Henan are relatively high, with a
mean value over 0.05, whereas the values in Shanxi and Shaanxi are below 0.03. The differences among
downstream provinces indicated the different stages of economy in each province.

We calculated the compensation amounts of midstream and downstream provinces based on formula
(1). It can be seen from Table 3 that the values of compensation ranged from 229 million yuan to 1,440
million yuan. Compared with the cost paid by upstream provinces, the values of compensation are relatively
low. The compensation of each province is closely linked to the economic conditions of different regions.
The four compensated midstream and downstream areas are listed in the following order, from the highest
to lowest ecological compensation amount to be paid: Shandong, Henan, Shaanxi, and Shanxi Province.
Shandong Province has the highest GDP among them, and its amount of ecological compensation is also
the highest.

Table 1. Total cost of upstream provinces (monetary unit: one hundred million yuan)

Year Inner Mongolia Gansu Qinghai Ningxia Total

2011 336.61 959.38 220.61 180.27 1,696.88
2012 352.08 1097.40 241.67 191.68 1,882.83
2013 376.50 1243.32 288.73 218.30 2,126.86
2014 221.94 1107.04 243.89 223.80 1,796.68
2015 189.92 1142.92 279.65 252.68 1,865.16
2016 110.52 1181.02 281.41 260.14 1,733.08
2017 114.22 1239.19 255.76 267.59 1,648.31
2018 148.64 1985.07 239.57 239.57 2,115.57
2019 226.33 1451.45 267.51 269.74 1,662.37
2020 389.35 1419.53 252.60 285.44 2,346.92
Mean 246.61 1282.63 257.14 238.92 1,887.47
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Table 2. Benefit distribution coefficients of the midstream and downstream

Year Shanxi Shandong Henan Shaanxi
2011 0.0227 0.0816 0.0550 0.0254
2012 0.0217 0.0798 0.0538 0.0263
2013 0.0202 0.0798 0.0533 0.0268
2014 0.0188 0.0789 0.0537 0.0270
2015 0.0172 0.0803 0.0538 0.0260
2016 0.0160 0.0787 0.0539 0.0255
2017 0.0174 0.0757 255.76 0.0258
2018 0.0174 0.0725 239.57 0.0260
2019 0.0172 0.0715 267.51 0.0261
2020 0.0176 0.0718 252.60 0.0257
Mean 0.0186 0.0771 0.0540 0.0261

Table 3. Compensation amounts of the midstream and downstream (monetary unit: one hundred million
yuan)

Year Shanxi Shandong Henan Shaanxi
2011 3.24 11.62 7.83 3.62
2012 3.45 12.67 8.55 4.17
2013 3.65 14.40 9.62 4.84
2014 2.92 12.27 8.36 4.21
2015 2.67 12.48 8.37 4.04
2016 231 11.38 7.79 3.69
2017 243 10.56 7.52 3.60
2018 2.90 12.10 9.06 4.35
2019 2.29 9.51 7.24 3.48
2020 2.59 10.57 7.88 3.78
Mean 2.84 11.76 8.22 3.98

5. Conclusion

Based on the actual situation of the Yellow River Basin, an accounting model is designed for the ecological
compensation quota of the Yellow River Basin from the following three aspects: water quantity, water
quality, and benefit distribution. The opportunity cost method and the comprehensive cost method are used
to measure the annual ecological protection of the upstream. Combined with Engel coefficient and the
actual payment capacity of each region (reflected by the ratio of GDP), the compensation fees payable by
the beneficiaries in the midstream and downstream are determined.

From the empirical results, the four compensated midstream and downstream areas are listed in the
following order, from the highest to lowest ecological compensation amount to be paid: Shandong, Henan,
Shaanxi, and Shanxi Province. The economic development level of Shandong is the highest among the 9
provinces of the Yellow River Basin, and the amount of ecological compensation it needs to pay is also the
highest. The ecological compensation amount in the compensation area is moderate, in line with the local
economic development and payment capacity. Comparing the calculated final compensation amount with
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the opportunity cost loss value in the upstream, the compensation amount is much lower than the cost loss
value, and it is not enough to make up for the cost of ecological protection.
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Abstract: The stock market is an important economic information center. The economic benefits generated by stock price
prediction have attracted much attention. Although the stock market cannot be predicted accurately, the stock market’s
prediction of the trend of stock prices helps in grasping the operation law of the stock market and the influence mechanism
on the economy. The autoregressive integrated moving average (ARIMA) model is one of the most widely accepted and used
time series forecasting models. Therefore, this paper first compares the return on investment (ROI) of Apple and Tesla,
revealing that the ROI of Tesla is much greater than that of Apple, and subsequently focuses on ARIMA model’s prediction
on the available time series data, thus concluding that the ARIMA model is better than the Naive method in predicting the

change in Tesla’s stock price trend.
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1. Introduction

Financial markets generally refer to markets where securities are traded, which include the stock market,
bond market, foreign exchange market, and derivatives market. Financial markets can allocate resources to
enterprises and entrepreneurs, create liquidity, guide the rational allocation of capital, and promote the
smooth operation of the capitalist economy. Among the financial markets, the stock market is the most
common financial market and an important economic information center. Stocks generate transactions that
provide investors with capital gains and dividend income, measure the overall health of the economy, and
play a vital role in improving social and economic performances.

Although the stock market cannot be predicted accurately, the stock market’s prediction of the trend
of stock prices helps in understanding the operation law of the stock market as well as the influence
mechanism on the economy. Therefore, a model is needed to predict the overall trend of stock prices. The
autoregressive integrated moving average (ARIMA) method is a statistical method used to analyze and
build predictive models that best represent time series by modeling correlations in data. Using the ARIMA
model to predict time series data is better than the Naive method because it can predict the changing trend
of stock prices more accurately. Therefore, this paper primarily studies the use of ARIMA model to predict
the changing trend of Tesla’s stock price and compares it with the Naive method in this respect.

In this paper, we focus on using the Naive method and ARIMA model to predict the existing time series
data, so as to understand the changing trend and investment value of Tesla’s stock price in hope that the
predicted results will be conducive to investors in making optimal decisions in the future. This paper is
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structured as follows: in section 2, we discuss the various applications of the ARIMA model in the stock
market and the novelty of this paper in comparison; we discuss the experimental method in section 3,
followed by the experimental results based on a detailed analysis of the experimental process in section 4;
in Section 5, we draw our conclusion.

2. Literature review

Stock price forecast is an essential topic in finance and economics. It stimulates the interest of stock market
researchers to develop better prediction models, effectively reduce the risk of stock market investment, and
promote the further development of the economy and society. The ARIMA model has been applied in many
studies to detect time series for predicting the changing trend of stock prices. Based on the stock data
obtained from the New York Stock Exchange and the Nigerian Stock Exchange, as well as the established
stock price prediction model, the results of the joint use of the two models showed that the ARIMA model
has a strong short-term stock price prediction potential '!l. In addition, by applying the auto ARIMA model
and two custom ARIMA models to Netflix’s stock historical data from 2015 to 2020, the calculation results
of ARIMA (1,1,33) were found to be more accurate, thus once again reflecting the potential of the ARIMA
model for accurate prediction of time series data, which would help investors make decisions 12/,

The ARIMA model can also be used with other models. For example, a support vector machine (SVM)
was combined with the ARIMA model in a study to form a hybrid model that has linear and nonlinear
modeling abilities to predict stock prices; the hybrid model significantly reduced the overall forecast error
and better predicted the stock price of SBC Communications Inc. [*]. The effectiveness of several ARIMA-
GARCH models in modeling and forecasting the conditional mean and weekly volatility of crude oil spot
prices in 11 international markets from February 1, 1997, to March 10, 2009, has been studied ). ARIMA-
intervention analysis method was used in another study to model the Chinese stock market price index, so
as to evaluate the economic movement of the Chinese stock market price at different times [°!. This
illustrates the predictable nature of the stock market and the effectiveness of the ARIMA time series model
as an analysis and forecasting tool. By referring to published stock data, a study compared the performance
of the artificial neural network (ANN) forecasting model with that of the traditional Box-Jenkins ARIMA
model, which has been widely used for time series forecasting [°]. The results revealed that both the models
are able to make good predictions when applied to practical problems. The DWT-ARIMA-GSXGB hybrid
model was proposed in 2020 !, Through experimental comparison of 10 stock data sets, the results showed
that the DWT-ARIMA-GSXGB stock price prediction model has a better approximation ability, suggesting
that the fit to the opening price of the stock index is better "), This model greatly improves the performance
of the single ARIMA model in stock price prediction.

It can be seen that the ARIMA model is often used to solve practical problems in the stock market. By
contrast, the innovation of our study lies in that when predicting time series data. By comparing the ARIMA
model with the Naive method, we conclude that the ARIMA model can predict the overall trend of stock
prices and consider the impact of seasonal factors on the forecast results.

3. Methodology: ARIMA model

The ARIMA model is one of the most popular forecasting methods, which is commonly used to analyze
time series data for better understanding and forecasting ®°). In the ARIMA model, it is assumed that the
future of a variable is simply a linear combination of past tenses and past errors, which is expressed as
follows:

Y=00+01Y1+ Doyt p+ -+ DpYVip + & — 0161 — 0265 — - — 0y
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where y; is the actual value, &; is the random error at time ¢, @; and 6; are coefficients, p and q are
integers, which are called autoregressive polynomials and moving average polynomials, respectively. The
method consists of three stages: model identification, parameter estimation, and diagnostic test. The
ARIMA (0,1,1) model discussed in this paper can be expressed as follows:

Ve = Do+ & + 0164

The existing time series data can be used by the ARIMA model to predict the stock price. Although
there are some errors in the prediction results of the ARIMA model with the actual ones, it is feasible to
determine the overall trend of stock price change.

4. Analysis of experimental procedure

Quantmod package was used to obtain the stock prices in R. This package uses Yahoo Finance as its source
for stock prices. Using these data, we plotted a candlestick chart (Figure 1) from January 2, 2018, to
December 30, 2021. Creating a static or interactive chart enables the visualization of stock price data. From
the figure, we can intuitively see Tesla’s stock price in different periods and also draw attention to the
overall trend and periodicity shown by the trading volume.

Last 1070.339966

Figure 1. Tesla’s stock price and stock’s trading volume

From the figure, we can see that there is an upward trend and seasonal pattern. In order to determine
the components of the data, the data was broken down. For convenience, we used the closing price, which
can be obtained by the CI() function, for further analysis in this paper (in the quantmod package, the daily
OHLC data, including the opening price, high price, low price, and closing price, can be obtained, among
which the closing price is considered to be a useful marker for assessing changes in stock prices over time).
We changed the period to monthly data, and the data was broken down into seasonal, trend, and random
parts after decompose, using the decompose function. Through the output of the four graphs (Figure 2)
showing the closing price data, we can see that during the study period, Tesla’s stock price showed an
overall upward trend (an obvious upward trend began around 2022), with repeated seasonal fluctuations
(the closing price of Tesla tended to reach the highest in January, with the lowest in July); there were also
irregular or random fluctuations that were not captured by trends and seasonality.
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Figure 2. Raw time series data, data trends, seasonal factors, and stochastic components

In order to have a closer look at the investability of Tesla’s stock, the closing price of Tesla was
compared with that of Apple. As can be seen from the chart, Apple’s stock price grew steadily from the
beginning of 2018 to the end of 2021.

From the beginning of 2018 to that of 2020, Tesla’s stock price changed in the same way as Apple’s.
Since then, Tesla’s stock price has increased significantly, reaching almost six times that of Apple by the
end of 2020.

In order to visualize the return on investment of Tesla’s and Apple’s stocks during this period (Figure
3), we used PerformanceAnalytics in R to obtain an overview of the cumulative return (top), daily return
(middle), and drawdown (bottom).

From the beginning of 2018 to the end of 2021, it can be seen that both, Tesla and Apple had positive
cumulative earnings. Since the beginning of 2020, Tesla’s cumulative earnings increased rapidly, whereas
Apple’s stock price stabilized after a slight increase. The widened gap between Tesla and Apple indicates
that Tesla’s returns since then are far greater than Apple’s. By the end of 2021, Tesla’s cumulative stock
return was almost four times that of Apple.
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Figure 3. Cumulative return, daily return, and drawdown of Apple’s and Tesla’s stocks
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In order to determine the investment value of Tesla’s stock, we predicted the direction of the stock
price based on the existing stock price data. In the following experiments, the Naive method (Figure 4) and
the ARIMA model were used to predict the time series data. We split the data into training data and test
data in order to assess how well the model predicts the data not used in the training model. Two models
were used to fit the training data and obtain the prediction results of the test data. The forecast results were
plotted. Through Akaike Information Criterion (AIC), AICc (AIC with sample size correction), or Bayesian
Information Criterion (BIC) with modified sample size, an ARIMA model with optimal progression can be
selected. Using the R auto-arima() function, we obtained two kinds of ARIMA, namely non-seasonal
ARIMA and seasonal ARIMA, which correspond to the prediction results of the model shown in Figure 5
and Figure 6, respectively. The blue line represents the average of our predictions, while the darker and
lighter areas represent 80% and 95% confidence intervals, respectively. Comparing the results with actual
test data, there are differences between the two. The predicted image obtained with the Naive method is a
horizontal line, and it does not predict the upward trend of the test data. Although the ARIMA model’s
predication showed an upward trend, there is still a difference with the actual value of the experimental
data. At the same time, the consideration of seasonal factors has insignificant impact on the prediction
results.
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Figure 4. Naive method
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Forecasts from ARIMA(0,1,1) with drift
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Figure 5. ARIMA (0,1,1) without seasonal trend
Forecasts from ARIMA(0,1,1) with drift
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Figure 6. ARIMA (0,1,1) with seasonal trend

From Table 1, it can be seen that the mean error (ME) and root mean squared error (RMSE) of the
ARIMA model are both, small and naive. The ME of the ARIMA model, which is 0.000282, is much
smaller than that of the Naive method. In other words, the same conclusion can be obtained: the ARIMA
model is better at predicting Tesla’s closing price than the Naive method.
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Table 1. Accuracy of the two approaches

ME RMSE
Naive method 0.836992 13.25738
ARIMA (0,1,1) 0.000282 13.19243

5. Conclusion

This paper studies Tesla’s stock price from 2018 to 2021. Through the decomposition function, we can see
the upward trend, seasonal fluctuations, and irregular random fluctuations. By comparison with Apple’s
stock price, which has investment potential, Tesla’s stock returns grew rapidly after 2020, reaching a return
of four times that of Apple by the end of 2021. In order to predict the changing trend of Tesla’s stock price
more accurately, the Naive method and ARIMA model were used to predict the time series data. It can be
seen from the forecast results that the trend of Tesla’s stock price cannot be predicted by the Naive method,
and although the ARIMA model has certain errors, it still can predict an upward trend in Tesla’s stock price
(whether seasonal factors are considered has little impact on the forecast results). The same conclusion can
be obtained through RMSE: the ARIMA model is better at predicting Tesla’s closing price than the Naive
method.

Through the above experiments, we find that by comparing with Apple’s stock price and forecasting
model, Tesla’s stock price shows an upward trend and has certain investment value. At the same time, the
prediction model can only determine the overall trend, but it cannot accurately predict the actual trend of
stock prices. In recent years, deep learning has been extensively researched on. Through deep learning,
time series prediction based on financial data can also be done. The structure of recurrent neural network
(RNN) and long short-term memory (LSTM) models in deep learning is suitable for processing time series
data %1 In the future, we will use deep learning methods to fit the data of Tesla’s stock price to obtain
more accurate results.
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Abstract: At 9:30 a.m. on July 16, 2021, the national carbon emission trading market started operation at Shanghai
Environment and Energy Exchange. On the first day, the carbon emission quota totaled 4.244 million tons, with a turnover of
210 million yuan and an average transaction price of 51.23 yuan/ton. The carbon trading price is on the rise. With the gradual
maturity and improvement of conditions, there will be about 8,000 to 10,000 emission control enterprises under the eight
major industries in the future, and China’s carbon market will become the largest market covering greenhouse gas emissions
worldwide. It can be seen that carbon trading is a “big deal.” If enterprises participate well, they will form carbon assets, but
if they do not participate well, they will form carbon liabilities. This paper analyzes the opportunities and challenges faced by
quasi emission control enterprises under the background of low-carbon economy. This provides certain reference significance

for these enterprises to actively participate in the national carbon trading market in the future.

Keywords: Low-carbon economy; Carbon trading; Carbon asset management; Quasi emission control enterprise

Online publication: October 21, 2022

1. Connotation of low-carbon economy

Driven by the concept of “low carbon” and “carbon reduction,” scholars and relevant workers from all over
the world continue to explore and find that the leading factor of climate change is people’s dependence on
fossil fuel-based energy utilization, including coal and crude oil, for economic growth. Climate change is
not only an environmental problem, but also an economic challenge. Therefore, academic and political
circles have begun to explore how to link low carbon with economic development.

Extensive discussions on low-carbon economy have been carried out. According to a study, the
objective of low-carbon economy is to achieve social and economic development goals with less energy
consumption and greenhouse gas emissions [/ or obtain larger economic output . Low-carbon economy
itself is a green ecological economic development mode, characterized by or based on low energy
consumption, material consumption, emission, and pollution [, It is a general term for low-carbon industry,
low-carbon technology, low-carbon life, and other economic forms. Similar to the aforementioned study,
as discussed in another paper, the fundamental purpose of low-carbon economy is to achieve sustainable
economic, social, and ecological development . Low-carbon economy aims at sustainable development,
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relying on a series of feasible measures, such as technological innovation, system optimization, industrial
upgrading, and clean energy development, in order to achieve low-carbon development of energy flow and
recycling of resource flow, as well as reduce high-carbon energy consumption and greenhouse gas
emissions, thus solving the issue of climate warming and achieving a coordinated development in economic
growth and environmental protection 1. Ever since the concept of “low-carbon economy” was put forward,
it has been extending to all fields of economy, technology, and society. Its connotation is also deepening
and expanding.

We believe that low carbon represents the following practices: optimizing the energy consumption
structure, improving energy utilization efficiency, reducing greenhouse gas emissions, and reducing
conventional or local pollutants. Low-carbon economy, therefore, emphasizes the goal of achieving
“economic” development, while “low carbon.” It is an organic integration of “low carbon” and “economic”
development, including top-down institutional innovation and policy implementation. Low-carbon
economy also includes specific emission control behaviors and ideological changes from the bottom up. It
is crucial to understand that low carbon is not contradictory to economic development.

2. Definition of quasi emission control enterprises

In line with the overall arrangement of the state, the Ministry of Ecology and Environment has carried out
data accounting, submission, and verification for years in power generation, petrochemical, chemical,
building materials, steel, nonferrous metals, paper, aviation, efc., which are all high-emission industries [¢].
Therefore, the data accounting, submission, and verification of these high-emission industries have a
relatively solid foundation. We will follow the principle of “mature one-by-one,” further expand the
coverage of the carbon market, and give full play to the role of the market mechanism in controlling
greenhouse gas emissions, promoting low-carbon technology innovation, and guiding climate investment
and financing.

With the continuous maturity of the national carbon market and progress of emission data monitoring
and verification technology, it is only a matter of time that the aforementioned key emission enterprises in
petrochemical, chemical, building materials, steel, nonferrous metals, paper, aviation, and other high-
emission industries will be included in the scope of emission control. These enterprises already possess the
characteristics of emission control enterprises (with the same or more energy consumption and carbon
emission scale). Since some restrictive factors are not included in the scope of emission control, the key
emission enterprises that will be included when these restrictive factors are removed in the future are called
“quasi emission control enterprises.”

3. Analysis of the current situation of quasi emission control enterprises

For quasi emission control enterprises that have not been included in the national unified carbon market,
carbon trading is both, an opportunity and a challenge. SWOT analysis is used to analyze the strenghts,
weaknesses, opportunities, and threats of quasi emission control enterprises (Figure 1).
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Figure 1. SWOT analysis of quasi emission control enterprises

At the initial stage of the establishment of the national carbon market, these enterprises were not
covered by the trading system. The biggest advantage is that there is no contract performance cost. Contract
performance cost here includes the cost of obtaining carbon emission rights with compensation, the data
monitoring and verification fee paid to intermediaries, and the cost of technological transformation. Owing
to these costs, the operating burden of emission control enterprises increases, whereas quasi emission
control enterprises are exempted from this burden. At the same time, quasi emission control enterprises do
not need to make any adjustments in the enterprise for the time being, thus remaining unchanged and coping
with all kinds of changes, which may create a late-mover advantage in the process of improving the national
carbon market. Before entering the national carbon market, quasi emission control enterprises have
sufficient time to conduct a more detailed carbon inventory and formulate a strategic plan suitable for their
own development based on the amount of carbon emissions, while taking into consideration of the current
carbon price and carbon trading-related policies and regulations.

From the perspective of external environment, quasi emission control enterprises that are not included
in the national carbon market should take advantage of the time gap to actively explore and find ways to
minimize the cost of emission reduction, such as cooperating with new energy enterprises to carry out
energy-saving technological transformation efforts, improve energy use efficiency and reduce carbon
emissions, or investing in efforts to launch zero emission projects or emission reduction projects in advance,
as well as using the generated emission reduction credits to fulfill the contract in the future. Since voluntary
emission reduction projects often take a long time to develop, and the certification process is complicated,
it is likely to miss the opportunity to redevelop them when it is really necessary. Moreover, China’s national
unified carbon market has only been operational for a few decades. Although a pilot market existed in the
past, it has limited coverage and inactive trading activities; additionally, previous carbon trading activities
are not highly referenced, and compared with the carbon market in Europe, the maturity of the carbon
market is far from enough. Therefore, the carbon trading process of power enterprises that are included in
the national carbon market, carbon asset management methods, and carbon price fluctuations are valuable
experiences for quasi emission control enterprises to enter the national carbon market.
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It is precisely because these quasi emission control enterprises are not under any pressure to fulfil
contracts that there will be some inertia created, thus affecting enterprises. One of the original purposes of
establishing the carbon trading system is to drive enterprises to make efforts to reduce emissions and control
greenhouse gas emissions in terms of the total amount by increasing the carbon emission costs of enterprises
incorporated into the national carbon market, especially those high-energy consuming enterprises. However,
quasi emission control enterprises are not under any of these pressures at the moment; hence, they may lack
the motivation to be actively involved in emission reduction. When the pace of technological transformation
and upgrading within enterprises fall behind, the same goes for the awareness and action of carbon asset
management knowledge reserve and talent reserve.

Without doubt, the external disadvantages of quasi emission control enterprises are also evident. First
of all, compared with emission control enterprises that have already been included in the national unified
carbon market, quasi emission control enterprises, which would be included sooner or later, may lose
market opportunity. Secondly, under the background of low-carbon economy, the state is vigorously
promoting green finance and green funds and providing capital support to “green enterprises” that meet the
standards; however, quasi emission control enterprises may lose such preferential policies and financing
opportunities. Thirdly, the climate issue is a global issue that is relatable to every country and person.
People’s consciousness and ideologies have also changed with policy advocacy. Green consumption has
become a new fashion for both, enterprises and consumers. Those quasi emission control enterprises that
have yet to participate in carbon trading would not be able to establish a good image, improve their soft
power, or meet the low-carbon needs of consumers; they may miss the opportunity to participate in big
brand supply chains.

4. Problems of quasi emission control enterprises

4.1. Lack of internal motivation and weak awareness of emission reduction

Carbon trading makes use of the market mechanism to turn carbon emission rights into assets with
commodity attributes, such as scarcity, consumption, and investment, under total amount control. The effort
of emission control enterprises to obtain emission space through market-oriented trading of carbon assets
or exchange economic benefits through energy conservation and emission reduction through technical
means would add a certain burden on their production costs and management costs. These burdens will
imperceptibly drive emission control enterprises to innovate emission reduction technologies and improve
their energy structure to reduce their contract performance costs. Since quasi emission control enterprises
have not been included in the carbon trading system, they have no contract performance pressure for the
time being, so they might fall behind in terms of core technology and knowledge reserves; additionally,
they might not have the awareness or motivation to strive for internal emission reduction.

4.2. Large demand for core technology investment

In order to improve energy use efficiency and reduce greenhouse gas emissions, it is necessary to develop
low-carbon technologies vigorously. This means that enterprises need to make technological transformation
or introduce new energy-saving and emission control equipment, which demands large investments of
additional funds and may eventually double their operating costs. This is a huge obstacle for enterprises
that put interests first.

4.3. Lack of independent innovation ability

The gap between China’s low-carbon technology research and development (R&D) base and the
international advanced level is estimated to be 7-10 years or more (National Technology Foresight
Research Group, 2008). There are about 28,000 large and medium-sized enterprises in China, of which
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only 25% have their own R&D institutions; moreover, 75% of them do not have full-time R&D personnel.
In terms of enterprise technology innovation, most of China’s patent applications are practical technologies,
which focus on short-term economic benefits. In addition, most of the invention patents in the high-tech
field come from abroad, such as radio transmission and semiconductors. Now, under the background of
low-carbon economy, both, emission control enterprises and quasi emission control enterprises lack
independent core low-carbon technologies. This has become a major constraint for China to achieve the
dual carbon goal and develop a low-carbon economy.

5. Suggestions for the development of quasi emission control enterprises

5.1. Train the management and set up a carbon asset management department

The arrival of the brand-new low-carbon economy era has introduced some novel terms, such as carbon
trading, carbon finance, carbon assets, carbon disclosure, carbon audit, etc., which not only requires the
update of knowledge reserves by the management, but also conceptual innovations. Quasi emission control
enterprises that are not included in the national trading system should make full use of this period by
conducting carbon knowledge lectures, low-carbon awareness training, and low-carbon culture
construction for the management and all their employees. They should also actively introduce and
encourage low-carbon researchers to serve the enterprises and constantly improve their competitiveness.

5.2. Develop and invest in China Certified Emissions Reduction (CCER) projects in advance to
prepare for future performance and participation in carbon finance

CCER projects tend to have a complicated development process and a long development cycle. The time
point of project development will affect the listing time of CCER, and ultimately the income of emission
reduction projects. If quasi emission control enterprises invest in CCER projects in advance, the carbon
assets generated based on these projects that are successfully filed can be used for future performance or
financial activities, such as quota CCER replacement, carbon pledge financing, and carbon trusteeship.

5.3. Fulfill social responsibilities, actively disclose carbon information, and establish a good corporate
image

At present, China is implementing a voluntary disclosure of carbon information. Quasi emission control
enterprises voluntarily disclose carbon information and are constantly improving the carbon information
disclosure mechanism, which may play a role in social supervision and placing constraints on the
enterprise’s management. On the one hand, carbon information disclosure intuitively reflects the
enterprise’s carbon emissions and emission reduction status, helps establish a good public image for the
enterprise, breaks international green barriers, promotes international trade, and enhances the brand value
and influence of the enterprise. On the other hand, carbon information disclosure guides enterprises in such
a way to discover their own shortcomings and strengths in carbon management, cultivates their awareness
of coordinated development for emission reduction and profits, as well as inspires initiatives for carbon
planning and management.
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1. Introduction

The goal of carbon emission peak and carbon neutrality was proposed to overcome global climate change.
Research shows that greenhouse gases are the cause of average temperature rise and climate change. The
greenhouse gas that has the greatest impact on climate change is CO2, which accounts for about 75% of
greenhouse gases. CO; is mainly produced in the production and consumption of fossil energy. Since the
industrial revolution, global CO> generated by the combustion of fossil fuels has accumulated to 2.2 trillion
tons, and global average surface temperature has increased by 1.1°C, which caused problems such as the
increase of pests and diseases, drought, and rise of sea level.

In order to address the climate problem, the relevant parties signed the Kyoto Protocol in 1997, which
specified the types and amounts of emission reduction gases. In December 2015, the Paris agreement was
signed. One of its main objectives was to “control the global average temperature rise below 2 °C higher
than the pre-industrial level, and strive to limit the temperature rise below 1.5 °C higher than the pre-
industrial level.” The research of the Intergovernmental Panel on climate change (IPCC) shows that to
achieve this goal, the global greenhouse gas emissions need to be reduced by half before 2030 and reach
net zero emissions around 2050, that is, carbon neutrality '],

Carbon neutralization has become an important goal for global climate governance ). In 2021, about
130 countries and regions have established carbon neutralization time. Since the reforming and opening up,
China’s GDP has grown at an average annual rate of 10%, and has become the world’s second largest
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economy. Due to the high energy consumption and carbon emissions of leading industries, China is also
the country with the largest carbon emissions in the world and also suffers the greatest impact due to global
climate change. It is manifested by the rise of average temperature, the increase of extreme heat waves,
floods in the south, droughts in the north, and so on. In order to promote sustainable development, reduce
carbon emissions must be reduced . This paper will discuss China’s carbon reduction strategy from the
perspective of the industrial chain.

2. Literature review

In October 2021, the State Council of China issued “The Guide on Fully, Accurately, and Comprehensively
Implementing the New Development Concept to Achieve Carbon Emission Peak and Carbon Neutrality”
and “The Action Plan for Carbon Emission Peak Before 2030, which established the top-level design of
policies to reduce carbon emissions [*7* Since then, other ministries and local governments have introduced
carbon reduction policies for key industries.

China’s carbon emissions are still in the rising stage since fossil energy accounts for more than 85%
of China’s energy consumption, and the industry still dominates economic development. Hu Angang et al.
believes that coping with global climate change is not only the biggest challenge for China to realize
socialist modernization, but also the biggest opportunity for realizing green industrialization, urbanization
and agricultural and rural modernization 1. The goal of carbon emission peak will help promote China’s
high-quality development and comprehensive green transformation. Zhang Yaxin et al. proposed to
strengthen the research and analysis of carbon neutralization strategies in European Union countries and
learn from the advanced technologies of foreign countries, policy measures, and social transformation 1%,

Many scholars have discussed the development mode and strategy under the background of carbon
neutrality. Zou Caineng et al. proposed that carbon substitution, carbon emission reduction, carbon storage,
and carbon recycling are the four main ways to achieve carbon neutralization '], with carbon substitution
as the backbone of carbon neutralization. Zou Caineng and He Dong studied the path of world energy
transformation, and pointed out that “new energy” + “smart energy” energy system is the development
trend and direction of world energy transformation ['2, Zhou Shuhui suggested that oil and gas enterprises
accelerate business transformation and upgrading, as well as promote the coordinated development of the
upstream and downstream of the new energy industry chain 3], Wang Can et al. have pointed out that the
technologies supporting carbon neutralization can be divided into high energy efficiency recycling
technology, zero carbon energy technology, and negative emission technology. Technological development
needs policy support [1415],

To sum up, the carbon emission peak and carbon neutrality goal provides a direction for China’s high-
quality economic and social development, and will push China’s economic and social development to make
a comprehensive low-carbon transition. Under the background of coexistence of opportunities and
challenges, the path of carbon reduction has become the focus of discussions.

3. Study on the path of carbon emission peak and carbon neutrality in China
Due to the organic nature of the economic system and the close relationship between the upstream and
downstream of the industrial chain, carbon emission reduction needs systematic linkage.

3.1. Carbon emission reduction logic from the perspective of industrial chain

An important source of carbon emissions is the combustion of fossil fuels. As the production and utilization
of clean energy still face technical challenges [, fossil energy will still be the main source of energy supply
in China for a period of time ['”). In order to reduce carbon emissions while economic development, on one
hand, the fossil energy industry needs low-carbon transformation; on the other hand, it is necessary to
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accelerate the development of new energy industry, including the production, storage, transmission, and
utilization of new energy, so as to form a new production and service chain.

The production and manufacturing industry produces carbon emissions during its operation. Therefore,
it is necessary to pay attention to the key industries of carbon emission such as steel and cement, and reduce
carbon emissions by adopting measures such as clean energy, energy conservation, and emission reduction,
and developing circular economy. The above measures can promote the low-carbon transformation of
process flow, facilities and equipment in relevant industries and the low-carbon innovation of technology.
In addition, low-carbon high-tech industries and digital economy have also become development hotspots.

Carbon circulation and consumption also need to be reduced, and digital technology have become
effective support conditions for carbon reduction. The logistics industry can use green energy-saving
facilities and equipment, and adopt modern information technology to reduce emissions. E-commerce and
new retail mode can improve transaction efficiency and reduce carbon emissions through centralized
distribution. The development of smart home and other products can reduce the carbon emissions of
different living scenarios. The industrial chain carbon reduction logic is shown in Figure 1.
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Figure 1. Carbon reduction strategy and logic diagram of the industrial chain

It should be noted that the carbon reduction measures in all links of the industrial chain cannot be
separated from policy guarantees, legal constraints and financial support, and also need the help of market.

3.2. Carbon emission reduction strategy based on industrial chain

Based on the analysis above, actions of the entire industrial chain are neeed to reduce carbon emissions,
from adjusting the energy structure to reducing carbon emissions in production, circulation, and
consumption.

3.2.1. Low carbon reform in energy supply

China’s energy Low-carbon reform should start with the coal industry. Coal accounts for more than 60%
of China's energy consumption. Technological innovation can promote low-carbon reform of traditional
energy industries and the development of new energy industries. The goal of energy sector reform is to
completely replace fossil energy with clean energy. The carbon reduction strategy of China’s energy
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industry is shown in Figure 2.
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Figure 2. Carbon emission reduction strategy map of China’s energy industry

The use of coal energy in the whole society must be reduced, and the production capacity must be
increased. The mechanization, automation, informatization, intelligence, and green level of coal mines need
to be improved. Large modern coal mines need to become the main body of coal production to build an
intensive, safe, and efficient coal industry system. The efficiency of coal utilization should be improved,
such as promoting the industrialization of coal deep processing, increasing the proportion of large capacity,
high parameter and low pollution coal-fired power generation units in the installed capacity of thermal
power, and strictly controlling the planning and construction of coal-fired power generation.

Technology is an important support to promote the low-carbon transformation and upgrading of the
energy industry. An energy technology innovation system should be built. Scientific and technological
innovation investment in important energy fields and emerging energy industries needs to be increased, and
relevant talent teams need to be cultivated. Breakthrough technologies will be needed for safe and green
mining of coal, storage and utilization of new energy, and construction of distributed energy system.

To achieve China’s carbon emission peak and carbon neutrality goal, it is necessary to accelerate the
development of non-fossil energy industries such as solar energy, wind energy, hydropower, nuclear energy,
biomass energy, geothermal energy, and marine energy. The development of the industries mentioned
involves many links such as energy production, storage, transmission, and utilization. In short, the
production and application of new energy need to plan and build a complete industrial chain. The
development of new energy industry will not only change the energy structure, but also optimize the
industrial and employment structure as the number of relevant employees in China has reached about 4.5
million from 2010 to 2019.

3.2.2. Carbon emission reduction in production
Carbon reduction of the manufacturing industry needs to be accelerated through energy conservation and
emission reduction, industrial upgrading, recycling, and other ways 18],

According to various calculations, energy conservation and energy efficiency improvement will
contribute more than 70% to China’s goal of achieving the peak carbon emission in 2030. China’s energy-
saving and emission reduction strategy includes the modernization of equipment and management in key
industries, the innovation of energy-saving technologies, and the improvement of energy utilization
efficiency in key industries. Industrial upgrading and industrial structure adjustment is another important
measure to reduce carbon in the manufacturing industry. Suitable carbon reduction strategies need to be
formulated for different regions and industries based on development characteristics and plans to realize
low-carbon transformation of manufacturing industry. The carbon reduction strategy should also be
reflected in the new fixed asset investment. The circular economy strategy adopted by many countries is
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also conducive to energy saving and emission reduction of manufacturing industry. In addition, it is
necessary to use technical means to implement carbon capture for carbon emissions that are difficult to
reduce. Some specific measures are shown in Table 1.

Table 1. Main strategies for carbon emission reduction in production

Main strategy Concrete measure

Energy saving Modernization of equipment and management in key industries
Energy-saving technological innovation

Promoting new energy-saving models

Industrial upgrading and Implementing specific optimization strategies to reduce carbon according to the characteristics
industrial structure of the industry
adjustment Matching the new fixed asset investment with the goal of reducing energy consumption

intensity, promote the development of new energy, new energy vehicles, digital economy

Developing circular Using the concept of circular economy to guide regional development
economy Developing and applying the technology of "zero" emission technology and the recycling
technology

Developing environmental protection industry and renewable resources industry

Carbon removal and carbon ~ Adopting point source CCUs Technology
utilization technology Adopting biomass energy carbon capture and storage technology

Adopting air carbon capture and storage technology

3.2.3. Carbon emission reduction in commodity circulation and consumption
The strategies for reducing carbon emissions in the field of commodity circulation and consumption mainly
include three aspects: low-carbon logistics, electronic transactions and green consumption.

The main path of low-carbon development of the logistics industry is to promote the integration of
digital technology and logistics industry. Specific carbon reduction strategies includes: Firstly, the logistics
industry can use information technology support to realize the optimization of logistics schemes,
transportation modes and routes, and strengthen cooperation to promote the development of multimodal
transport; Second, the logistics industry can information technology to improve the level and efficiency of
warehousing management, and promotes warehousing and procurement management modes such as just in
time and zero inventory; thirdly, the logistics industry should build an information platform, improve the
efficiency of matching logistics supply and demand, and promote centralized distribution, joint distribution
and other modes to reduce costs and carbon emissions; fourthly, the logistics industry will strengthen the
R & D and application of intelligent transportation related software, hardware and technology, promote
driverless and unmanned distribution business, and reduce carbon emissions.

Changes in trading patterns can also reduce carbon emissions. Developing e-commerce can improve
transaction efficiency and reduce carbon emissions through nearby transportation and distribution. The
information provided by the e-commerce platform can also help consumers judge the carbon emission level.
The Ministry of Ecology and Environment reported that online platforms can raise the awareness of the
transformation of green and low-carbon and promote certain behaviors under certain conditions, which
helps enterprises in reduce carbon emissions in terms of consumer demands.

Some studies show that the consumption oriented economic model reduces carbon emissions by about
35% compared with the export-oriented economic model. Reducing carbon emissions from the
consumption side requires consumers to establish a low-carbon consumption concept and develop low-
carbon consumption and living habits, such as buying green low-carbon products and services,
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strengthening the recycling of waste materials, etc.

3.3. Build an external guarantee system conducive to carbon reduction
Carbon reduction in the industrial chain needs policy support and legal norms, as well as market guidance.
In terms of energy supply, fiscal and tax policies in the energy field need to be improved; energy prices
need to be reformed to reflect energy shortages and carbon emission intensity; the government needs to
increase research and development support for key technologies in the new energy industry, and accelerate
the revision and formulation of energy and environment related laws and regulations to meet the strategic
requirements of carbon emission peak and carbon neutrality. In terms of energy consumption, local
governments need to formulate differentiated “double carbon” plans. The government will also introduce
relevant policies to support energy conservation and emission reduction, industrial transformation and
upgrading, circular economy development, etc., and promote and guide a low-carbon lifestyle. In order to
obtain financial support, the government needs to guide and encourage financial institutions to participate
in carbon emission reduction in the industrial chain ['), such as encouraging financial enterprises to carry
out green financial business through fiscal and monetary policies, credit guarantees, risk supervision, and
performance assessment. In addition, domestic and foreign experience shows that carbon emission trading
is an effective tool to control carbon emissions *%), and the market mechanism can promote enterprise
carbon reduction and drive industrial upgrading. Relevant safeguard measures are shown in Table 2.

Table 2. External guarantee system for carbon emission reduction in industrial chain

External Domain division Examples of specific measures

guarantee system

Policies, laws and Energy policies and Subsidies related to new energy industry chain
regulations regulations Supporting policies for transformation of traditional fossil energy industry
Government energy price reform

Financial fund for energy technology R & D

Manufacturing policies  Regional and industrial carbon peak and carbon neutrality planning
and regulations Circular Economy Promotion Law
Regulations on comprehensive utilization of resources
Low carbon industry promotion law
Government performance appraisal system for energy conservation and

emission reduction, circular economy development, new energy utilization

Circulation and E-commerce low carbon development law
consumption policies Green logistics Promotion Law

and regulations Low carbon consumption regulations
Investment and National Green Development Fund

financing policies and ~ Government green bond

regulations Fiscal and tax policies for green development
Green development monetary policy
Green development risk sharing policy

Green finance supervision and assessment system

Carbon market Carbon emission Accounting and reporting of total carbon emissions
trading system Allocation and payment of carbon emission quotas
Regulations on punishment of illegal discharge

Administrative measures for carbon emission trading
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4. Conclusion

The carbon emission peak and carbon neutrality targets are of great significance to China’s development in
the new stage, which can promote economic transformation and upgrading and form a greener, more
efficient and sustainable development model. In order to achieve this goal, carbon reduction strategies need
to be implemented in energy production, circulation, consumption, and other fields from the perspective of
the entire industrial chain. The main way to reduce carbon emissions is to reduce the use of fossil energy,
reform energy supply, and vigorously develop the new energy industry. At the same time, we also need to
reduce carbon emissions in energy consumption which can be achieved in the following ways: firstly,
implement a carbon reduction strategy in the production field, including energy conservation and emission
reduction, industrial upgrading, developing a circular economy, and applying carbon capture technology;
Secondly, reduce carbon emissions from the circulation sector, including low-carbon transformation of the
logistics industry, innovation of trade methods and promotion of low-carbon green consumption; thirdly,
build an external guarantee system for carbon emission reduction in the industrial chain, including the
introduction of policies and regulations to encourage and restrict carbon emission reduction in relevant
industries, enterprises and individuals, and the improvement and application of the carbon emission trading
mechanism.
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Abstract: We use the Autoregressive Integrated Moving Average (ARIMA) model and Facebook Prophet model to predict
the closing stock price of Google during the COVID-19 pandemic as well as compare the accuracy of these two models’
predictions. We first examine the stationary of the dataset and use ARIMA(0,1,1) to make predictions about the stock price
during the pandemic, then we train the Prophet model using the stock price before January 1, 2021, and predict the stock price
after January 1, 2021, to present. We also make a comparison of the prediction graphs of the two models. The empirical results

show that the ARIMA model has a better performance in predicting Google’s stock price during the pandemic.
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1. Introduction

Since the full-scale outbreak of COVID-19 in the middle of 2020, the financial markets have been severely
hit. The world economy was subsequently affected by the spread of the pandemic, which resulted in
financial markets slumping, stock prices plummeting, and worldwide companies being affected. Therefore,
this time-specific series of changes has its research significance and can provide valuable references for
future generations of the financial markets. We selected the closing price of GOOGL from 2007 to 2022
from Yahoo Finance for our research. We chose Alphabet Inc. as our research subject because the parent
entity already has a market cap of 1.79 trillion U.S. dollars, which is over Amazon, thus making it the most
valuable internet company. Moreover, the firm had over 257.6 billion in revenue in 2021, creating the
highest annual net income at 76 million dollars [!!. Therefore, the study of Alphabet Inc. has significant
implications for the financial markets. In this research, we use two models, which are the Autoregressive
Integrated Moving Average (ARIMA) model and the Facebook Prophet model, to forecast the stock price
during the pandemic and compare them with the actual situation in order to discover the advantages and
disadvantages of the two models.

In the literature review section, we present the current research achievements of ARIMA and Facebook
Prophet as well as the reason we choose these two models to predict stock price during the pandemic. In
the method section, we first confirm the stationarity of the data, and then introduce the ARIMA and
Facebook Prophet methods, respectively, while explaining their design principles. In the experimental
analysis section, we conduct the experiments and analyze the prediction results. This includes the source
of the data and its interpretations, the application of the algorithms, and the analysis of the predictions
separately with graphs. We then we present a comparative analysis of the two models using errors. In the
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conclusion section, we highlight the value of this research and its implications in real life.

2. Literature review

There are some literatures that emphasize on the use of the ARIMA and Facebook Prophet model. ARIMA,
as an abbreviation of “Auto Regressive Integrated Moving Average,” is a class of models that interprets a
given time series based on its past values, i.e., its lags and lagged forecast errors, to use the equation to
predict future values. Stevenson highlights the significance of the predicting method in the stock market,
revealing that ARIMA models are instrumental in predicting broad market trends, but the forecasting results
differ significantly from reality while using other models 2. Jadevicius and Huston argue that ARIMA can
be used to evaluate a wide range of market price changes, which can help governments and central banks
to forecast the increase in national housing prices and enable investors to predict how to invest P, ARIMA
is an effective model to forecast what we are focusing on in short-term, which is in line with the pandemic
period.

Facebook Prophet is an open-source procedure for forecasting time-series data, which works best with
time series that have strong seasonal effects and several seasons of historical data. Ignacio Medina et al.
first introduced this web-based algorithm — Prophet. There are two main options, which are “train” and
“predict.” Under the “train” part, Prophet builds a prediction rule based on genes by finding the optimal
predictor, then the rule is applied to give the prediction of a new dataset with high accuracy .. Wen-Xiang
Fang et al. used Prophet in the finance markets to forecast the stock value of Microsoft Corporation (MSF),
and the empirical results showed that Prophet has certain advantages in predicting future price trends .
Sumedh Kaninde et al. also used Prophet to predict the stock price and concluded that this model can be
used to predict stock prices for a long period of time with reasonable accuracy !°.. Due to its training
characteristic and effectiveness in predicting future time-series data, including stock prices, we use it to
predict the closing stock price of GOOGL during the COVID-19 pandemic to determine whether the model
can constantly predict with high accuracy under the contingency. In addition, we also compare the
prediction of ARIMA and that of Facebook Prophet.

3. Methodology

In order to ascertain reliable predictions of the closing stock price during the COVID-19 pandemic, two
algorithms are used. Before performing the algorithm, we need to check the stationary of our data by
applying the augmented Dickey-Fuller (ADF) test. Thereafter, we will use the ARIMA model and Facebook
Prophet model to predict the stock price during the pandemic.

3.1. ARIMA
ARIMA is obtained from combining differencing with autoregressive model and moving average model,
in which the integration refers to the reverse of differencing. It was first popularized by Box and Jenkins
(71 and it belongs to a class of models that interprets a given time series based on its past values, i.e., its
lags and lagged forecast errors, to use the equation to predict future values [,

The ARIMA model can be written as follows:

Ye=c+ 0y g+ -+ (Dpy’t_p + 6018 q o+ Oge_g + & (1)

where y'; is the differenced time series data, and the functions on the right contain the lagged values of
y't, which can be used as the predictors for prediction. Any “non-seasonal” time series that exhibits a pattern
and is not random white noise can be modeled with an ARIMA model. An ARIMA(p,d,q) model is
characterized by three terms: p, d, and q P!,
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(1) p: The order of the autoregressive term
(2) q: The order of the moving average term
(3) d: The number of differences required to make the reversed time series stationary
We will use the backshift notation when building the complicated models, the equation can be written
as follows [I;

(1-9,B—-—0,B°P)(1—B)y, =c+ (1+6,B+ -+ 6,BY¢, ()

3.2. Facebook Prophet
Facebook Prophet is a time-series data forecasting algorithm, which was developed by Facebook’s data
science team. It is based on an additive model, in which the nonlinear trend fits to the seasonality of the
year, week, and day, along with the holiday effect 11,

The Prophet model can be expressed as follows:

y(&) = g(@) +s(t) + h(t) +(t) 3)

where y(t) refers to the additive regression model, g(t) refers to trends, s(t) refers to seasonality,
which shows periodic changes, h(t) refers to holiday, which reflects predictable annual abnormal days on
irregular schedules, €(t) refers to error, which is typically modeled as normally distributed noise, showing
information that is not included in the model ['>!. Due to the seasonality and holiday components, Prophet
is most effective for time series with strong seasonal effects and historical data of several seasons (however,
we do not expect seasonal or holiday effects for stock market data).

4. Empirical analysis

The data set comprises 15 years of stock prices from 2007-2022 from Google Inc., whose ticker symbol is
“GOOGL.” We use the R package “Quantmod” to obtain publicly available data from Yahoo Finance. The
data selected include the company’s close price on Google. Moreover, we have a total of 3,946 data with
no missing values. The structure of the data is shown in Table 1. The average closing price of Google Inc.
1s 41.065, and the minimum value is 6.443.

Table 1. Summary statistics

Variable N Mean Std. Dev. Min Pctl. 25 Pctl. 50 Pctl. 75
GOOGL.Close 3945 41.065 34.853 6.442 14.515 28.065 55.84

4.1. Data analysis and processing

Figure 1 clearly shows the trend of the stock over a period of time. The volatility of the stock market can
be seen clearly. Though there are peaks and troughs in the short term, we can see a clear upward trend in
the long term, but it is not linear. At the same time, we can see a significant downward trend in the share
price after the COVID-19 period. We want to ascertain whether a simple linear regression can capture the
trend of the data and help us forecast the stock price. We assume that a simple linear regression does not
capture the trend of the data.

We use date as the independent variable and stock price as the dependent variable. We obtain a
goodness-of-fit of 74.4% through the linear regression model. By comparing the p-value tables, the results
are found to be statistically significant since the p-value is less than 0.001, thus the original hypothesis is
rejected. This means a relationship exists between the date and the stock price. The coefficient of the date
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indicates that with each changing day, the closing stock price increases by $0.02.

Google stock price trend over time

150 -

100-

50-

Closing Price of Google stock

2010 2015 2020
Date

Figure 1. Google stock price trend over time

Based on Figure 2, we can clearly see that the time series is not stationary, i.e., its variance is not
constant across time. In addition, a clear positive trend indicates that there is no recovery to a constant value,
thus suggesting that the time series is not stationary on average. In general, these two properties are
undesirable for better and easier time-series modeling. In order to confirm that it is non-stationary, we
compared the original time-series data with the transformed data. We applied log transformation and Box-
Cox transformation to do so. Moreover, we used the popular log transformation method to determine the
mean stationarity.

Log transformed closing price of google over time

Log(Closing Price)

2010 2015 2020
Date

Figure 2. Log-transformed closing price of Google over time

The ADF test is a standard statistical test used to determine whether a given time series is stationary.
It is one of the most commonly used statistical tests when analyzing the stationarity of a series, which is
largely dependent on the presence of a unit root. The time series is non-stationary if the unit root is present.
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The null hypothesis of the ADF test is as follows: the covariance of the first lag of Y is equal to 1. When
the test statistic is below the critical value, we reject the null hypothesis and infer that the time series is
stationary. The ADF test was performed on the original closing price, and the closing price was Box-Cox
transformed. Three sets of p-values were derived from the ADF test when the lag order is 15 (Table 2).

Table 2. ADF test on three variables

Variable Dickey-Fuller p-value
GOOGL.Close -1.68 0.715
GOOGL.log_close -3.15 0.0967
GOOGL.bc _close -3.33 0.647

Although the transformed p-values dropped sharply, we cannot confidently reject the null hypothesis
at 95% significance level. In order to address the non-smoothness of the mean, we calculated the first-order
lag of the closing price. However, we also have outliers that deviate more than most points. By running an
ADF test on the first-order lagged closing price to see if we have achieved the mean stationary property,
the p-value is apparently equal to 0.01 when the Dickey-Fuller is equal to -15.484, below the critical value
of 0.05. This indicates that the series is now stationary.

4.2. ARIMA model

We will use Akaike information criterion (AIC) and Bayesian information criterion (BIC) to evaluate the
performance of the model. According to the BIC value, the order of the best model is ¢(0,1,1). We then
bring ARIMA(0,1,1) into the model.

In Figure 3, the dashed line represents the model’s prediction, and the solid line represents the actual
value. As we can observe from Figure 3, the dashed and solid lines have a very high degree of overlap, and
ARIMA(O, 1, 1) has an excellent performance in predicting stock prices. It not only predicts the overall
upward trend of stock prices well, but also the upward and downward fluctuations of stock prices in the
short term, except that the value of the predicted fluctuations is higher than the actual stock prices. Moreover,
this model perfectly predicts the overall downward trend of stock prices after the COVID-19 pandemic.

In-sample prediction for the best model

Log(Close price)

2010 2015 2020
Date

Figure 3. In-sample prediction for the best model
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The root mean square error (RMSE) for the ARIMA model is 0.01842, which means that the error
between the predicted value and true value is 0.01842461, signifying a relatively small error. This indicates
that this model completes the prediction with a relatively high degree of accuracy. We will predict five time
periods from the best model.

4.3. Facebook Prophet model
We consider the data before January 1, 2021, as the training dataset and the data from January 1, 2021, to
present as the test dataset.

In Figure 4, the x-axis is time in years, while the y-axis is the closing price of Google, which is the
target variable. The black points represent the real data, whereas the blue points represent the predicted
values; the light blue area represents the 95% confidence interval. Using the dataset before January 1, 2021,
the Prophet model predicts the stock closing prices with relatively high accuracy. However, when predicting
short-term fluctuations, the value of the fluctuations is in fact lower than the real data. Using the dataset
from January 1, 2021, to present, the model predicts a continuous upward trend in the closing stock price,
which is also not consistent with the actual situation, in which the stock price shows a significant downward
tendency.

GOOGL price Forecast using Prophet Model

754

50 1

Closing Price of Google

254

2010 2015 2020
Date

Figure 4. GOOGL price forecast using the Prophet model

4.4. Comparison between ARIMA and Facebook Prophet

There are some parameters that can be used to examine the performance of the Prophet model. We use
RMSE for comparison, in which the lower the RMSE, the lesser the error. The RMSE of ARIMA and
Prophet is 0.01842 and 47.56, respectively. Comparing the values, the error of the Prophet model is
significantly larger than that of ARIMA. This indicates that ARIMA outperforms Prophet in terms of
accuracy and overall performance when predicting Google’s closing stock price. Moreover, considering
the negative impact of COVID-19 on stock prices, ARIMA well predicts this situation, while Prophet
derives the exact opposite trend, further validating its imperfection in predicting stock prices.

5. Conclusion
In this study, we used both the ARIMA model and the Facebook Prophet model to predict the trend of stock
prices during the pandemic period. The RMSE shows that the error of the ARIMA model is less than that
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of the Facebook Prophet model, indicating that the ARIMA model is more accurate than the Facebook
Prophet model. This suggests that the ARIMA model will play a significant role in forecasting the trend of
stock prices during a particular time series. Therefore, the ARIMA model merits further investigation.
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Abstract: As the world’s second largest economy and a traditional agricultural country, China has not yet achieved the goal
of modernizing the logistics of agricultural products. The overall modernization of its logistics industry has not been achieved
either. Due to the poor overall performance of its agricultural product logistics, the level of China’s agricultural product
logistics is still in its infancy, with high logistics costs, large losses, and low efficiency. In fact, the construction of a modern
agricultural product logistics system in China is lagging behind. This has seriously affected the process of agricultural
industrialization in China. Compared with its urban socio-economic development, its rural development is relatively lagging
behind. The “three-rural” (including agriculture, rural area, and peasant) problem caused by the divided urban-rural structure
in China has distorted the relationship between workers and peasants. This has become a global problem, affecting China’s
economic and social development. The core problem is the slow growth of farmers’ income. The bottleneck that has been
restricting their income has shifted from production to circulation. In recent years, the promulgation of a series of policies and
documents has brought both, hope and challenges to the online and offline integration and development in the field of
agricultural product circulation. This paper briefly outlines the characteristics and status quo of rural logistics development
based on online and offline transactions, and provides some effective suggestions on how to build a new rural logistics
development model based on online and offline transactions, in hope to assist the development of new rural logistics models
in China. The construction provides a reference for the development of the logistics industry in China’s rural areas, thereby

promoting the circulation of agricultural and sideline products, and better developing China’s rural economy.

Keywords: Online and offline; Rural logistics; Rural economy; Logistics system
Online publication: October 21, 2022

1. Research background

With the rapid development of the internet, business model innovations relying on the internet have
emerged. The integrated online and offline development is becoming the most dynamic emerging economic
form that accelerates trade flow and promotes consumption. The State Council issued the “Opinions on
Promoting Offline Interaction and Accelerating the Innovation, Transformation, and Upgrading of
Commercial Circulation,” which puts forward specific policies for accelerating the development of online
and offline interactions from four aspects: encouraging innovation, stimulating vitality, improving systems,
and improving policies guide. On June 2, 2015, the Ministry of Finance promulgated the “Guiding Opinions
on Promoting Comprehensive Agricultural Development and Moderate Scale Management” through the
development of contract farming and cooperative business models to improve the production and operation
of agricultural products and cooperatives, as well as to further improve the agricultural service scale and
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informatization level. On November 17, 2015, the Ministry of Finance issued the “Guiding Opinions on
Supporting the Comprehensive Development of Agricultural Advantages and Characteristic Industries and
Promoting Agricultural Industrialization,” further proposing the “Internet + Agriculture” development
model, while encouraging and supporting agricultural enterprises to speed up the development of
advantageous and characteristic agricultural product e-commerce platforms.

2. Research significance

The logistics theory was recently introduced in China, and the understanding of the role of logistics in
economy had only began in recent years. Since China’s logistics foundation is weak, and its logistics
technology is relatively backward, its logistics development is slow. Especially in the vast rural areas of
China, logistics is still a relatively new concept. The root cause for the slow logistics development is the
lack of theoretical guidance. Logistics activities can only thrive under the guidance of the logistics theory.
In order to fill the gap and develop China’s rural logistics, it is necessary to explore and study the rural
logistics (or agricultural product logistics/agricultural logistics) model. This is the main purpose of this
paper. Through this research, we attempt to improve the level of rural logistics research in China and
strengthen the exchange and cooperation of rural logistics research at home and abroad.

3. Principles and strategies for building a rural logistics development model based on online and
offline transactions

3.1. Basic principles of constructing a rural logistics development model

3.1.1. Principle of sustainability

For sustainable development, the agricultural product logistics development model should not only respect
the economic laws, but also the social laws and natural laws, so as to improve people’s quality of life. China
is in the middle stage of industrialization, as indicated by its large population and high agricultural
production and consumption. In addition, modern agricultural product logistics started relatively late in
China. Economic activities that are related to agricultural product logistics have a significant impact on the
environment, resources, nature, and people’s quality of life. This would inevitably lead to excessive
resource consumption and serious environmental damage. Therefore, it is necessary to consider the overall
interests and long-term interests, pay attention to the environment, and construct an intensive development
model that is closely related to green economic activities, such as green production, green marketing, and
green consumption.

3.1.2. Principle of interest

The main goal of any system is to satisfy the interests of its members. Collaborative agricultural logistics
finance, as a whole, is maintained to meet the interests of its members or customers although its participants
have different interests. In addition, the biochemical characteristics of agricultural products, the dispersion
of agricultural production and consumption, the information asymmetry, and the interaction of trade
barriers, natural disasters, price signals, and behavior patterns contribute as risks to agricultural logistics
finance. Therefore, cooperation between all parties can only exist when the financial operation of
agricultural logistics offers attractive economic benefits to all participants. By achieving organizational
goals through cooperation, it is then feasible to achieve the best operational outcomes and serve their own
interests. This is the prerequisite for developing collaborative agricultural logistics.

3.1.3. Principle of system
The rural logistics network is an organic whole, composed of three interconnected and interacting sub-
networks: logistics infrastructure network, logistics organization network, and logistics information

68 Volume 5; Issue 5



network. Its advantages and disadvantages are evaluated in terms of overall benefits. In order for the system
to be completely balanced, the integration of rural logistics network resources must begin from the
perspective of the whole, regard the logistics network as a system, and use the optimization of the overall
goal of the system as the criterion to coordinate the relationship between the various sub-networks in the
system. Since the distribution of rural areas in China is not concentrated, the rural logistics network must
likewise have gaps in terms of the levels and modes. Therefore, the key to the integration of China’s rural
logistics network resources is to promote the overall development on the basis of adhering to the principle
of integrity and unified planning, while determining the best plan and gradually implementing it according
to regions, industries, and steps through market links, combining the rural logistics network and related
industries into an effective operation, as well as providing the best logistics services at the lowest cost.

3.1.4. Principle of adaptability

The integration of rural logistics network resources should be compatible with the national, provincial,
municipal, and village economic development guidelines and policies, the distribution and needs of China’s
rural logistics resources, and its social development. Therefore, the integration of China’s rural logistics
network must adapt to the characteristics of the economic operation of its rural economy and build a
logistics network that can effectively meet the logistics needs of rural areas. By constructing a logistics
network based on rural economic characteristics and agricultural production needs, the integration of
logistics network resources cannot be established separately from the rural environment; otherwise, the
expected effect will not be achieved (11,

3.2. Main strategies for constructing a rural development model

3.2.1. The government should actively play the guiding role

The integrated online and offline development requires time and involves various fields and parties, such
as rural areas, townships, processing enterprises, and logistics enterprises. The government should play an
active role in guiding and supporting, focusing on increasing farmers’ income, accelerating rural
development, and realizing the modernization of agriculture. The first step is to help agricultural e-
commerce enterprises coordinate and solve capital problems, especially capital bottlenecks encountered in
their development, as well as encourage financial institutions to provide financial services to high-quality
e-commerce enterprises. The second step is to build a platform and standardize management. These can be
done by establishing an e-commerce management center for agricultural products, standardizing
management, charging, and other behaviors, as well as providing a healthy and standardized living
environment for the integrated online and offline development of agricultural products. The third step is to
coordinate relevant enterprises in carrying out necessary resource integration in a complementary and win-
win manner. On the one hand, enterprises such as those developing supply bases, logistics companies,
farmers’ cooperatives, as well as supply and marketing cooperatives can be integrated to establish large-
scale, specialized and standardized joint-stock cooperative enterprise groups so as to create market
competitiveness; on the other hand, integrating the existing resources and resources of third-party logistics
enterprises under construction to form a logistics system with wider coverage and better distribution
methods would help reduce costs and improve efficiency; at the same time, it is necessary to speed up the
resource integration of physical retailers. Enterprise groups should also be encouraged to integrate with
brick-and-mortar retailers through acquisitions, share purchases, etc., and provide them with support in the
form of big data, high-quality supply, fast payment, and overall distribution, so as to realize the deep
integration of brick-and-mortar retailers and the internet. Complementary advantages and rapid
development would be achieved through the online and offline integration [?1.
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3.2.2. Strengthen the construction of logistics informatization

In order to develop an online and offline agricultural product logistics model, it is necessary to strengthen
the construction of informatization, build an agricultural product circulation information system, eliminate
information asymmetry in the circulation process, and reduce the sales cost of agricultural products as well
as consumers’ time cost. The first step is to improve the construction of the network platform, build an
online network system for agricultural product transactions in various regions, effectively integrate the
decentralized online agricultural product transaction platforms, and form a network platform covering
various regions and equipped with various functions, such as inquiry, ordering, payment, distribution, and
those that allow consumers to provide feedback and evaluation. Secondly, it is important to establish a
traceability system for agricultural product information, monitor and track the production, transaction, and
transportation of agricultural products in real time, collect relevant information, process comprehensively,
analyze effectively, establish a mechanism for agricultural product sales information updates, and provide
information to consumers. Having such systems would provide convenient network query services, realize
the virtualization, informatization, and efficiency of the transaction process, as well as improve transaction
efficiency. Combined with the internet of things, agricultural product information processing and data
management can be improved through radio frequency identification, video monitoring, photothermal
induction, and other measures. This would also ensure that the quality of agricultural products from supply
to sale is controllable and improve consumer satisfaction. In addition, supporting cold chain storage
facilities and equipment (such as cold storage) should be set up at important nodes (such as distribution
points, physical stores, efc.) to ensure that a cold chain exists throughout the process.

3.2.3. Ensure good integrated online and offline development planning

At this stage, the main reason for the loss of most agricultural e-commerce products is unclear product
positioning. In the early days of our business, we often hope to build a customer base quickly and achieve
greater transaction volumes through rich product categories. However, various relatively large supply
systems will directly increase management costs, making it difficult for the company to achieve profitability
in the short term and overloading its operations. Therefore, reasonable commodity positioning is the key to
the integrated online and offline development of e-commerce for agricultural products. First of all, we must
start with a single variety, plan scientifically, implement overall planning, and make steady progress. Based
on the consumption habits of consumers when in face with products, agriculture e-commerce enterprises
should first consider agricultural products with regional characteristics, then cultivate consumers’ sense of
identity, and improve consumer satisfaction. When there is a fixed customer base for a product, then a
second product should be launched in due course. Second, it is necessary to combine online and offline
integration with regional characteristics. In the development of e-commerce enterprises, it is necessary to
use a grading model according to the consumption characteristics of the community residents while
extending the e-commerce platform to the community. This would ensure a reasonable positioning and
differentiated treatment. Through the establishment of a community e-commerce platform, the organic
combination of online transactions, offline experience, and community distribution can be achieved,
thereby improving the coverage and adaptability of the e-commerce platform.

3.2.4. Supervise the transaction process

Compared with tangible market transactions, the protection of rights is a major problem that plagues online
and offline e-commerce transactions for agricultural products. The e-commerce trading platform is a virtual
trading environment. When disputes arise between buyers and sellers, there must be a mechanism for
resolving disputes. This requires relevant government departments to establish and improve the relevant
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laws and regulations as soon as possible, as well as strengthen the supervision of online and offline e-
commerce transactions, improve the e-commerce transaction environment, and ensure smooth transactions.
In the early stage of foreign e-commerce development, there are many issues, such as account security
problems, information leakage, and problems pertaining to integrity ). With supervision and the
improvement of relevant laws and regulations, the construction of foreign e-commerce trading platforms
has matured. China should learn from these foreign experiences in managing e-commerce transactions so
as to ensure that the implementation of e-commerce transactions for agricultural products would run
smoothly.

3.2.5. Improve the logistics infrastructure for agricultural products

The construction of logistics parks is a necessary means and an effective way to improve the construction
of rural logistics infrastructure. The government should lead the construction of rural logistics parks and
provide financial, technical, and human resources support for agricultural product logistics. The
characteristics of both, urban and rural areas should be considered when building a professional logistics
distribution center, and various infrastructures should also be built in the logistics distribution center. Other
logistics companies should be encouraged to develop logistics parks of a certain scale, mainly in the suburbs,
where few people come and go, the traffic is not as crowded as in cities, and their impact on urban traffic
is minimal. These logistics parks would naturally attract many logistics enterprises to join its big family,
thus relieving the city’s congestion and traffic pressure. At the same time, with the continuous development
of the real estate market, urban land is becoming more compact and prices are rising, but large areas of
rural land resources have not been developed. Establishing logistics parks in rural areas would not only
solve large-scale warehousing needs, but also ease the pressure on the price of land that can be purchased
by logistics companies. Furthermore, building logistics parks in rural areas can ease the ecological balance
between urban and rural areas.

3.2.6. Increase talent training

Due to the late start of China’s logistics industry, there is a lack of training for logistics talents. Therefore,
in the actual operation process, problems such as low-quality logistics personnel, poor service quality, and
customer complaints may arise. This is a problem we need to solve urgently. In context of the actual
situation, it is necessary to encourage employees in the logistics industry to take up courses on logistics
management and improve the training courses offered by logistics enterprises. In addition, the government
should encourage logistics industry associations to cooperate with private educational institutions, improve
the logistics industry training mechanism, and establish logistics-related professional certificates. It is also
important to strengthen exchanges and cooperation, as well as cultivate outstanding agricultural product
logistics and distribution talents. With the rapid development of rural e-commerce, the agricultural product
logistics industry will become a new interest of growth in the future. Many enterprises have problems such
as backward information technology, asymmetrical information, and insufficient experience of the delivery
staff. Therefore, enterprises must be able to communicate, cooperate, and learn from each other. In addition,
the state should introduce advanced educational resources from developed countries, carry out education
and training on agricultural product logistics and distribution, as well as improve the overall quality of the
employees. At the same time, the state should introduce more excellent talents into the logistics industry,
so that their advanced concepts and management methods may penetrate into the industry, thereby
improving the quality of the entire logistics service [*!.

3.2.7. Increase capital operation and support
In order to meet the huge capital demand for the development of rural logistics, it is necessary to develop
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financing channels and make joint contributions to provide capital support for the operation of rural
logistics. The government should fund large-scale logistics hubs and construction projects, such as
highways, railways, ports, and airports, whereas medium-sized construction projects, such as regional
logistics centers, distribution centers, and storage centers, can be jointly funded by the government and
private capital. It is possible to attract investments for small-scale logistics infrastructure construction, such
as rural logistics centers, transfer stations, trade centers, etc., depending on who invests and who benefits;
otherwise, joint investment in the form of shareholding cooperation can also be made, which allows the
flow of private capital into the field of rural logistics. A certain feedback mechanism can be adopted by the
government to give preferential treatment in terms of land use tax, business tax, and industrial and
commercial tax. Enterprises and individuals who actively participate in the construction of rural logistics
networks may relax loan restrictions on logistics enterprises that are committed to developing the rural
logistics markets and providing subsidies. In addition, it would be beneficial to further promote the opening-
up of rural logistics, relax investment restrictions, attract foreign investment in rural logistics, relax
financing and foreign investment conditions, encourage foreign logistics companies to expand their markets
in the vast rural areas, and welcome foreign logistics based on the principle of equal opportunities.
Enterprises should be involved in the investment and operation of rural logistics warehousing,
transportation, processing, freight forwarding, and other projects.

4. Conclusion

Since the rural areas in China adopt a decentralized operation model, their agricultural production scale is
small. In addition, due to the lack of information on market supply and demand, the cost bore by the farmers
for finding customers is extremely high. This affects the effective circulation of agricultural products. The
online and offline transaction mode can help solve this problem, improve the development level of China’s
rural logistics, and alleviate the problems faced by these rural areas. At present, the online and offline rural
logistics model can develop well, and it is committed to the organic integration of online and offline
resources, which has become the main direction of agricultural e-commerce. Although agricultural product
e-commerce is developing rapidly, there are some challenges to the construction of the logistics model. For
instance, due to the agricultural product distribution characteristics and the undeveloped rural logistics
network, the logistics cost of agricultural products remains high, and there are difficulties in controlling
food safety. In order to solve this problem, the government and relevant industries must attach importance
to this concern and work together to make full use of technology, education, management, and other means
to provide a suitable platform and space for the optimization of rural logistics models, so as to improve the
quality of life of Chinese farmers, and thus to promote the sustainable development of China’s rural
economy.
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1. Introduction

Eric Ashby, a famous British higher education expert and the former Vice-Chancellor of Cambridge
University, once pointed out that any particular university is the product of its heredity and environment.
He believes that from a genetic point of view, it is expressed as a common understanding of the “meaning
of university” among university educators, but from an environmental point of view, it is the political
system and the system itself that fund and support the university [!!. Since the release of the “Outline of the
National Medium- and Long-Term Education Reform and Development Plan (2010-2020),” many “new
universities” have emerged in China. What is a “new university”? “New university” refers not to the “new”
in terms of time, but to the “new” with Chinese characteristics, differing from the educational philosophy,
management system, and talent training methods of existing universities. The “new university”
management system comprises the manager and the managed, that is, the government and the university.
Beginning from the relationship between the two, this paper explores how to better improve the
management system from the perspective of financial affairs.

2. Characteristics of China’s “new universities”

At present, there is no official statistics on “new universities.” For preliminary analysis, this article selects
the “new universities” that have been established following the release of “Outline (2010-2020)” (Table
1).
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Table 1. Representatives of “new universities” established after the release of “Outline (2010-2020)”

. School School Year of
School Nature of running a school . ]
category location  establishment
Southern University of Science Science and
State-run . ] Shenzhen 2012
and Technology engineering
Shanghai New York University Sino-foreign cooperative education =~ Comprehensive  Shanghai 2012
Shanghai University of Science Science and .
State-run ) ] Shanghai 2013
and Technology engineering
Chinese University of Hong Kong  Regional cooperation (Mainland and
] State-run Shenzhen 2014
(Shenzhen) Hong Kong, Macao and Taiwan)
) ) . Science and
Westlake University Private Hangzhou 2018

engineering

According to Table 1, it can be concluded that the “new universities” have the following characteristics:
in terms of the nature of running schools, they are not only funded by the government, but also by social
forces and cooperation; from the perspective of school category, they are mainly under the category of
science and technology, but some are also considered comprehensive schools; in terms of school location,
there is a trend of development from old first-tier cities to new first-tier cities.

3. Current situation of China’s “new universities” management system

When it comes to the management system, the main bodies are the government and the “new universities.”
The relationship between the government and these universities has been in discussion for a long time, but
no clear consensus has been reached so far. We will discuss the the status quo and problems in this section.

3.1. Status quo of government management

3.1.1. Decentralization of functions and increased pressure on local government management
Article 39 of the “Outline (2010-2020)” clearly states, “In order to implement and expand the school’s
autonomy in running schools, the government and its departments should sort out service awareness,
improve management methods and supervision mechanisms, reduce and standardize school administrative
approval items, as well as ensure that schools fully exercise their autonomy in running schools and assume
corresponding responsibilities in accordance with the law.” This is to emphasize the transformation of
government functions, reduce the administrative burden of colleges and universities, and protect their
autonomy. As can be seen from Table 1, “new universities” tend to develop from established first-tier cities
to new first-tier cities. In the process of promoting the construction of the rule of law in China, government
agencies have streamlined administration and delegated powers, and the responsibility of managing “new
universities” falls more on the local government.

3.1.2. Local government lacks strong management agency

Most of the “new universities” are units under provincial administration. For those jointly built by provinces
and cities, compared with provincial capital cities and municipalities directly under the central government,
the functional organizations managed by local governments are not the top-echelon. They are lacking in
strength and are incapable of overall planning and guidance. The phenomenon of “a small horse drawing a
big cart” is particularly prominent. This inevitably leads to the lack of functions of the local government in
the overall guidance and management of higher education. At the same time, the local government lacks
top-level guidance for local higher education and has unclear higher education goals, which easily lead to
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arbitrary financial funding, poor policy orientation, and weak security capabilities. Therefore, the local
government is constantly being criticized by the society and schools.

3.1.3. Performance accountability mechanism for financial funds

From the perspective of financial fund management, in order to make effective use and control of financial
funds, local governments often use performance management methods to set grades and classifications for
college qualifications, rank, and evaluation, in order to measure the size of investment in different colleges
and universities. Theoreticians contend that the current government performance management model has
weakened the autonomous legal standing of higher education, rendering it incapable of independent
innovation and self-regulation, through the impact of its primary stage effect on higher education and the
overtly administrative nature of higher education reform. It is even more of a shackle to the fledgling “new
universities” that still require the blessing of the government.

3.2. Current situation of the “new university”
3.2.1. The majority of the fundings of “new universities” come from government financial
appropriations
Since there is no official budget and final account disclosure platform for cooperative-run and private
colleges and universities, the proportion of fiscal appropriation revenue and expenditure in the current
year’s revenue and expenditure based on the final account report of public colleges and universities is used
to analyze the dependence on the government.

It can be seen from Table 2 that most of the revenue sources of the “new universities” that have been
established in recent years come from financial appropriations.

Table 2. The proportion of fiscal appropriation revenue and expenditure in the current year's revenue and
expenditure in the final accounts report of some colleges and universities

Income Expenditure
Founding Report
School Amount R Amount .
year year . Proportion . Proportion
(billion yuan) (billion yuan)
Southern University of
2012 2019 3.961 89.67% 3.335 93.97%

Science and Technology
Shenzhen University 1983 2019 4.703 70.92% 4.601 76.49%
Shanghai University of

) 2013 2019 2.278 90.61% 2.153 90.12%
Science and Technology
Shanghai Jiaotong

L 1896 2019 3.429 24.82% 3.396 27.45%
University
Zhejiang University 1897 2020 3.600 25.58% 3.650 28.37%
Nanjing University 1902 2020 2.140 39.67% 2.146 43.31%

3.2.2. The “self-hematopoietic capability” of “new universities” needs to be strengthened

According to Table 2, traditional colleges and universities with considerable scale have been running for
many years, and most of the school’s financial revenues and expenditures can break-even or even have
surpluses; some domestic colleges and universities have strong “hematopoietic capabilities,” which has laid
a solid foundation for their subsequent development. For newly established “new universities,” in order to
stand out from the many “211,” “985,” and “double first-class” universities, it is necessary to focus on
innovating school-running orientation, mechanism and system, talent training, teaching staff construction,

76 Volume 5; Issue 5



discipline development, as well as other aspects. The quality of running a school influences the growth of
a university and depends on the level of the teaching staff to a large extent. In order to attract high-quality
teachers, in addition to the positioning, philosophy, and prospects of the school itself, salary is also a factor
that cannot be overlooked. Compared with traditional colleges and universities, the total expenditure of
“new universities” are larger, and the proportion of personnel expenditure to the total expenditure is
relatively higher when the level of factors or standards other than salary remains unchanged. Without
government financial support, it would be challenging to overcome the financial difficulties in the growth
period.

3.2.3. “New universities” need to be “de-administrative”

Since the release of the “Outline (2010-2020),” de-administration and autonomy in running schools have
become topics of debate for the reform and independent running of colleges and universities. This is not
unique to “new universities,” but rather common to all colleges and universities. Chinese higher education
has strong administrative dependency. This characteristic is directly related to the continuous improvement
of comprehensive national strength and the overall management of the country in terms of social affairs. In
the construction of the main body of higher education, universities have inevitably turned into vassals of
the state and lost their independence and autonomy as academic organizations as a result of the state’s
political power, comprehensive control, and strong integration of universities in various ways [?!. For a long
time, colleges and universities have developed the habit of relying on government procedures and resources;
having also psychological dependence on the government, it has been extremely difficult for colleges and
universities to return ), This is especially true for universities that are transforming into “new universities.”

4. Suggestions for the construction of China’s “new university” management system
From the perspective of the relationship between the two, several strategies related to the management
system itself are proposed.

4.1. Government

4.1.1. Construction of management system and supervision means

The system is the foundation and guarantee of any management, and the premise of perfecting the
construction of the system is by perfecting laws and regulations. “New universities” include a variety of
school-running properties. Compared with public universities with relatively complete laws, regulations,
and systems, the construction of cooperative education and private “new universities” is relatively
backward. Taking cooperative education as an example, it is currently only supported by the “Regulations
of the People’s Republic of China on Chinese-Foreign Cooperation in Running Schools” and “Measures
for the Implementation of Regulations of the People’s Republic of China on Chinese-Foreign Cooperation
in Running Schools,” which belongs to the administrative rules and regulations. The legal effect is relatively
low. In the field of cooperative education, a high-level law is needed to carry out the top-level design, and
the local government needs to study the implementation details.

By strengthening institutional construction, local governments can set up permanent institutions for
higher education management directly under the responsibility of the main leaders of the local government
and strengthen the overall planning ability of colleges and universities in the region, so that they can better
implement “policies” based on “schools.” The first is to strengthen the top-level design and strategic
planning for the high-quality development of higher education, formulate relevant supporting policies for
the development of different types of universities, adhere to the goal orientation, and clarify the investment.
The second is to open-up multi-department coordination management channels, build efficient information
upload and release channels, and run the overall management and coordination work in colleges and
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universities more smoothly. The third is to guide and motivate different types of colleges and universities
to focus on major problems that need to be solved in various areas, including discipline construction,
scientific research, talent introduction, achievement transformation, and social services; as well as
encourage and guide the same type of colleges and universities to carry out healthy competition in relevant
aspects and improve the level of running schools.

4.1.2. Carry out the transformation and upgrading of local industries well, and lay the foundation
for the integration of production, education, and research

According to the “2021 Employment Report for College Graduates,” which embodies a survey of 2021
graduates, released by 58.com, old first-tier cities, including Beijing, Shanghai, Guangzhou, and Shenzhen,
are still the first-choice cities for graduates, and they are also well-known for employment of graduates. In
local cities, including new first-tier cities, the local employment rate of graduates is low, and in some places,
the employment rate of graduates with degrees or above remains in single digits. The low local employment
rate is largely due to the insufficient integration of local production, teaching, and research. The
inconsistency of integration goals is one of the factors contributing to the insufficient integration. Colleges
and universities tend to pursue talent training and social benefits, while enterprises (research institutes) tend
to focus on economic benefits and ways to enhance their competitiveness. The value pursuit between the
two is clearly different, thus indicating that the integration of the two parties would definitely not work out
spontaneously. Therefore, there must be some intervention through certain administrative means 4/,

Local governments can transform and upgrade local industries based on local characteristics, guide
policy formulation through industrial development, and direct the discipline construction of colleges and
universities. Under the background that “new universities” are gradually moving closer to new first-tier
cities, the upgrading of local industries is extremely urgent. At present, the growth of industries is guided
by policies. The industry that needs the government’s support would be developed under a series of policies.
The traditional talent training model is driven by industrial development, that is to say, which industry
develops better and implements the relevant professional setting and configuration of the talent training
plan. However, talent training is a cycle, whereas the industrial transformation and upgrading of talent
demand is immediate. This proves that there is a lag in the traditional talent training model. Therefore,
education must move forward with the specific industry for talent training, and industrial development
should in turn guide policies 1. It is still necessary to transform the functions of local governments, reduce
the management of educational needs, implement the service function of “new universities” and social
connections well, and guide these universities in such a way that they can enhance their own “hematopoietic
capabilities” and improve their capital operation capabilities.

4.1.3. Consider a variety of supervision methods and make full use of the power of social supervision
It has long been understood that the Chinese government has always played the role of a “paddler,” steering
social development through coercive or restrictive means, and concentrating power to make decisions on
social management, instead of social service work. As a result of this kind of thinking, higher education
now has led a single governing body, and administrative means are mainly used for supervision. In 2016,
the Ministry of Finance issued the “Operational Regulations for the Disclosure of Local Budgets and Final
Accounts” to promote the legalization, democratization, and scientificization of grassroots budget
management as well as to protect the public’s right to know, participate, and supervise the financial budget.
However, due to the lack of local governments, the supervision of the management of cooperative schools
and private colleges and universities has not received much attention. The local government can further
enrich the supervision subjects by enhancing the information transparency and feedback of different types
of colleges and universities in “new universities,” encourage colleges and universities to establish a sense

78 Volume 5; Issue 5



of self-regulation, as well as exert the power of social supervision.

In this way, government compulsory supervision, social supervision, and self-regulation can play their
respective regulatory roles from different fields and perspectives, rely on and influence each other, and
jointly build a comprehensive and multi-angle three-dimensional regulatory framework on how to promote
the sustainable development of education and continuously improve the standardization of running schools
as well as the quality of education [°],

4.2. “New university”

4.2.1. Strengthen the awareness of the main responsibility of “new universities”

According to several analyses, the proportion of China’s higher education financial expenditure in gross
domestic product (GDP) and its index of public expenditure per student in higher education (that is, the
ratio of per student expenditure to per capita GDP) are comparable to those of the United States, Britain,
France, Germany, and Japan. Compared with other major economic countries, the Chinese government’s
financial investment in higher education is more prominent as reflected not only in the higher proportion
of higher education financial expenditure to total financial expenditure, but also in the higher public
expenditure index per student "l Although the Chinese government’s efforts in financial investment in
higher education are evident to all, the actual development of most colleges and universities is not as
expected. It is absurd to attribute the poor development to the lack of investment from the government. The
operation capacity of colleges and universities and the main body’s sense of responsibility may be the
reasons for it. “New universities” must rely on government support in the early stages of establishment and
transformation, but after they have stabilized, they must adhere to the principle of “setting expenditure by
revenue” and “setting expenditure by means,” improve the efficiency of the use of funds and combine it
with the construction of the internal control system, strengthen the awareness of capital risk control and the
system of power checks and balances, as well as improve the performance management mechanism. It is
worth noting that due to the establishment of a new management system for public institutions, the majority
of “new universities” have canceled the institutional designation; additionally, the employment mechanism
has become more market-oriented, and it is now more difficult to control personnel expenses. Attention
should be paid to whether the proportion of personnel expenses is too high, resulting in an imbalance in the
expenditure structure, which affects the level of education.

4.2.2. Establish a sense of local service

According to the “Zhumadian Consensus,” issued by the first International Forum on Industry-Education
Integration Development Strategy in April 2014, and the “Chengdu Consensus,” issued by the National
Joint Conference of Newly-Built Undergraduate Universities in October 2016, the integration of regional
industrial development serves the local and industrial economy and societal development. Facing the needs
of local social and economic development, the “new university” should discard the idea of running a closed
school and use it to undertake social responsibilities and actively participate in the construction of the
society. Compared with traditional research-oriented universities that emphasize the “combination of
teaching and scientific research,” “new universities” focus on the cooperation of production, education, and
research 18, At the 2014 symposium between teachers and students of Peking University, it was mentioned
that a world-class university must have Chinese characteristics. Therefore, “new universities” must rely on
industrial upgrading, serve the locality and industrial development, while considering their own conditions,
break the concept of “one acre and three parts of land,” and transform the development model of blindly
imitating and borrowing. It is necessary to be orientated towards innovation, integrate education, industry,
and research with local economic development, emphasize the qualities of service areas, seek to become
quasi-demand oriented and first-class oriented, and pursue development with traits that would create a new
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impetus.

4.2.3. Guide the diversification of capital investment and expand the autonomy of running schools
Burton Clarke analyzed the transformational entrepreneurial practices of universities that have had
government funding curtailed, such as Twente, Warwick, Strathclyde, Chalmers, and Makerere. In order to
survive and develop, it is necessary to face the changing needs of the external environment and internal
development with a proactive attitude, strive to seek diversified sources of funding, and actively strive for
as much autonomy as possible 8. Compared with traditional research universities, “new universities” have
more output and opportunities to socialize. This advantage should be used to garner social resource support,
guide the use of social funds for the development of higher education, reduce their own financial pressure,
and gain more autonomy in running schools. For example, a “new university” of the cooperative education
type can make full use of the resources from both parties to establish an educational foundation, improve
the donation mechanism, and broaden the sources of funding.

5. Conclusion

China’s “new university” needs to deal with the management between its heredity and environment, its
internal logic and social needs, and run it well while taking into consideration of the local area. The
objective of the “new university” is to pursue excellence in its different types, each exhibiting its strengths
and characteristics. Building a “new university” in the local area is a challenge to the local area and colleges
and universities. It needs to be viewed with a new attitude that embodies innovation, openness, and
tolerance. Daring to be the first in innovation will always be accompanied by thorns on the road. It is the
responsibility of both parties to optimize the management system, jointly raise the flag of “new university,”
and contribute more to China’s higher education.
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Abstract: Stock market has a profound impact on the market economy, Hence, the prediction of future movement of stocks
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short-term memory (LSTM) method to predict the future price trend of the stock. We built a three-layer LSTM model and
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1. Introduction

Google is far ahead in global search. It is so eminent that foreign consumers use “Google search” to describe
the Internet to retrieve information rather than “online search”, and only the world’s most valuable brands
can use their own names in place of product or service’s names. Google also benefits from scale advantages
and network effects. The more users use Google’s ecosystem of services, the more the company can learn
from its data, and thus its ability to leverage artificial intelligence grows exponentially over time. Network
effects provide Google with an additional source of sustained competitive advantage. The more videos are
uploaded to YouTube, the more viewers are drawn to the platform. Larger audiences also provide an
incentive for creators to keep producing more and better contents. In this case, creators and viewers
gravitate to the leading video platform, creating a self-sustaining virtuous cycle for the business. From a
fundamental point of view, it’s not an exaggeration to say that Google is one of the most competitive
companies in the world, and these mentioned advantages enable the company to continue to create value
for investors over the long term. Its remarkable revenue growth, superior profitability and high stock
evaluation all lays the solid foundation for stock prediction on Google.

Stock price predictions are theoretically possible. However, it is impossible to pinpoint all of the
elements that may influence stock prices and how they will affect stocks. This is because the forecasting
model should be able to handle nonlinear problems because the stock prediction is highly nonlinear.
Nevertheless, it is suitable to use the recurrent neural network (RNN) to predict since the stock has the
characteristics of time series [!l. Although the RNN models allows the persistence of information, however,
the general RNN model is weak to describe the time series data with long memory. For example,
considering the time series is too long, the phenomenon of gradient dissipation and gradient explosion
makes RNN training exceedingly difficult. The long short-term memory (LSTM) model proposed by
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Hochreiter and Schmid Huber is modified on the basis of the RNN structure, thereby, solving the problem
that the RNN model cannot describe the long memory of time series [,

The rest of the paper is arranged as follows: Section 2 is primarily intended to make a literature review;
Section 3 describes the methodology of predicting stocks; Section 4 includes the elucidation of models as
well as the analysis of the experimental results; Lastly, the paper ends with concluding remarks and relevant
future perspectives in Section 5.

2. Literature review

Time series analysis predicts the future values of the series based on data through the analysis of data sets
31, Scholars have previously confirmed the feasibility and effectiveness of time series models in financial
markets. The autoregressive-moving-average (ARMA) model and the autoregressive integrated moving
average (ARIMA) model based on the ARMA model are important methods for studying time series ),
and are adapted for short-term forecasting [®7). However, there are still some problems with time series
models, real-world systems are usually nonlinear and time series data are mostly unstable. Therefore, the
combination of artificial neural network model (ANN) and support vector machine (SVM) is the most used
method, resulting in better prediction accuracy than traditional methods ). ANN cannot capture sequence
information in the input data required to process sequence data and gradient explosion or disappearance [
while SVM can solve multi-dimensional and nonlinear problems and avoid neural network structure
selection and local minimum point problems to a certain extent ],

The use of machine learning methods to forecast the stock market has been extensively studied in
literatures. Google Trends and an improved population-based sine and cosine algorithm (ISCA) have both
been used by some researchers to enhance the performance of the optimized artificial neural network (ANN),
leading to the conclusion that Google Trends data can aid in more precise stock price direction prediction
[11]

This paper adopts the LSTM model, which can pass data to each layer, which ensures the existence of
short-term memory while training long-term memory. Moreover, LSTM also solves the vanishing gradient
problem encountered by recurrent networks when dealing with long data sequences ],

3. Methodology

Hochreiter and Schmidhuber first suggested the LSTM in 1997, and it later gained enormous popularity,
especially for use in solving issues involving time series prediction ['?!. With the addition of three memory
modules: input gate, output gate, and forget gate —LSTM primarily addresses the gradient disappearance
issue that is common in classical RNN 3], These three doors and a memory unit together form a memory
block (the specific structure of the memory block is shown in Figure 1). The upper line inside the square
is called the cell state and is used to control the transfer of information to the next moment 41,
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Figure 1. An LSTM's repeating module with four interconnected layers

In Figure 1, we can see that LSTM can add or remove information to the cell state, governed by
structures called gates. Gates, which consist of a sigmoid neural network layer followed by a pointwise
multiplication operation, are used to selectively let information through. The sigmoid layer outputs a
number between 0 and 1, describing how much of each component should pass, and the larger the value,
the more it will pass [,

(1) The forget gate controls what information can pass through the sigmoid and will pass or partially pass
according to the output of the previous moment, to achieve the effect of selective filtering.

Fi=o0(wy * [he—q, xc] + bf)

(2) An “input gate” layer that determines the values that will be used to update through sigmoid is added to
a tanh layer used to generate new candidate values, and the candidate values are obtained to generate
new information that needs to be updated (discard unnecessary information, add new information).

C= ft*ct—1+it*C~t

(3) The last step is to get an initial output through the sigmoid layer, use tanh to scale the value between -1
and 1, and then multiply the output obtained by the sigmoid pair by pair to get the output of the model.

or = o(Wolh¢—1,x¢] + bo)
ht = Ot * tal’lh (Ct)

4. Empirical analysis

This paper used Google stock data for the last 20 years, with data on open, close, high, low, adjusted close
and trading volume. The Google stock data is from Yahoo Finance and records 3,810 records from August
19, 2004, to October 4, 2019. In this research, we used the adjusted closing price as the final price of Google
Inc.’s daily stock.

4.1. Data preprocessing

We used the data before January 1, 2019, as the training set of the data, and the data after January 1, 2019,
as the validation set of the data. After we have dealt with the irrelevant features of the training set, the data
1s uniformly normalized to reduce the influence of too large dimensional gaps. After confirming the data
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training set, it was then divided with a ratio of 60:1, and then converted to an array with NumPy to complete
the data preprocessing.

4.2. Modeling

We selected TensorFlow as the deep learning framework for this modeling. When modeling the LSTM
model, we set up a 3-layer network. The first layer was the LSTM layer (dimension; 60), and the second
layer was the LSTM layer (dimension; 80) ), the third layer was the LSTM layer (dimension; 120), the
dropout layer (dropout=0.2, used to prevent overfitting) was sandwiched between the three LSTM layers,
and the fourth layer was the fully connected layer (The neuron number was 1, which was used to predict
the future 1 Google stock price), the Adam optimizer was used to estimate the parameters, the learning rate
adopted the LR decay method, and the maximum number of iterations was set to 50 times, and the mean
square error regression loss was calculated to minimize the loss, until driven to 0.

4.3. Visualization

From the Figure 2, we can get a line chart with figsize= (14:5) as the ratio, time as the horizontal axis, and
price as the vertical axis. The blue line shows the anticipated Google stock price, while the red line shows
the actual Google stock price. The price mainly fluctuates around 1000-1200, and the duration is about 200
days.

Google Stock Price Prediction

—— Real Google Stock Price

= Predicted Google Stock Price
1200 A

1150 4

1100 A
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Figure 2. Google stock price prediction

5. Conclusion
In this paper, we used the LSTM recurrent neural networks to extract feature value and analyze the stock
data. The LSTM deep learning model we used this time, which combines the attention mechanism with
depth and uses the gradient descent method to achieve a faster speed approximation, had better performance
than the previous ARIMA, ANN and SVM models, and based on the algorithm, it solved the problems of
easily falling into local extreme values and slow convergence speed. In general, the overall trend of image
prediction is basically consistent with the actual trend, and it is also suitable for predicting long-term trends.
Although there will be delayed prediction due to the time difference and small changes that cannot be
noticed in a short period of time, the upward or downward trend progressively starts to match as time goes
on, and the coincidence degree in the later stage is greatly enhanced.

While the accuracy rate was not very satisfactory, we found that it can still be improved, especially if
the correct threshold was set to effectively exclude very low or very high yield sequences. This is useful
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when selecting stocks for analysis. Additionally, we have taken into account fewer learning characteristics
and have not taken into account the subjective impact of political policies, business trade conditions, or
even social climate, which will be the direction we quantify in the future. Instead, the image fit can be
improved by adding more learned features and optimizing the neural network weight matrix. Finally, based
on our comparison of different neural networks and optimization algorithms, better models should be
designed to improve prediction accuracy in the future.
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Abstract: At present, China’s economic growth model has gradually shifted from high-speed growth to high-quality
development. Under the era of digital economy, a steady and sustainable economic development has become the main goal of
the country’s development. The practice of modern economic development has shown that human resource is not only the
premise of regional economic development, but also one of the important sources of regional economic growth. The
coordinated development of human resource and economy is not only an inevitable requirement for high-quality development,
but also the first task to assume to solve the imbalance in regional economic development. Based on the interaction mechanism
of human resource development and management and regional economic development, this paper selects data from the 2021
China Statistical Yearbook, takes the 2011-2020 national population census data as samples, analyzes the current status and
existing problems of human resource development and management in China’s regional economic development from three
dimensions (human resource quantity, quality, and structure), as well as explores the path of human resource development and
management in regional economic development, such as increasing investment and improving the quality of human resource,
allocating human resource in a reasonable manner and improving the human resource structure, allocating talents in different
regions in a balanced manner, coordinating the shortage and saturation of talents, etc., so as to promote a balanced

development between regional economic development and human resource development and management.
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1. Introduction

A coordinated development between human resource and economy is the fundamental requirement for
development. Examining the relationship between the two and rationally developing regional human
resource are essential for realizing the harmonious development of society and economy. As the first
resource, talent has become an impetus for promoting the high-quality development of regional economy
(1" At present, the geographical differences in the development and management of human resources in
China are still pronounced. Rapidly developing cities such as Beijing and Shanghai attach great importance
to the absorption and training of talents, while the northwest region, which is relatively backward in
economic development, still has weak awareness of talents, insufficient human resource development, and
poor of human resource management. As of 2020, the country’s population has reached 1,412.12 million,
of which primary and junior high school diplomas comprise the majority. The low human resource quality
incites a need for improvement. How to carry out human resource development and management effectively
and scientifically, improve the quality of human resource continuously, allocate the human resource
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structure rationally, promote the coordinated development of human resource development and
management and regional economic development, as well as achieve regional integrated development is a
topic worth discussing.

2. Connotation of human resource development and management

The concept of “human resource development” was first proposed by an American scholar, Nadler, who
pointed out that human resources should be investigated, analyzed, planned, and adjusted based on the
existing human resources of enterprises or organizations, according to the development-strategy goal of the
organization and the change of the organization structure, so as to improve the organization’s human
resource management level, improve the efficiency of human resources management, and promote the rapid
progress and development of the organization 2],

“Human resource management” involves carrying out rational and scientific development and
utilization through the analysis of the human resource management content, setting a programmed and
institutionalized management mechanism, realizing the optimal allocation of human resources, and
gradually improving the management effect of human resources 41,

In short, the objective of human resource development and management is to optimize and integrate
the existing human resources within the organization, so that the potential human resources can be
developed and utilized to the greatest extent, and various internal elements can be optimized and integrated
to maximize the value of the organization [*. The human resource development and management system
covers three aspects: human resource quantity, human resource quality, and human resource structure.

3. Relationship between human resource development and management and regional economic
development

In the 1960s, Theodore Schultz proposed the theory of “human capital.” He studied the relationship between
human capital investment and economic development, and revealed the role of human quality in economic
development from the perspective of economics. It opened the prelude to the research on the relationship
between modern human resources and economic development 6],

3.1. Internal mechanism of human resource development and management to promote regional
economic development

The growth of human capital is the impetus for economic growth, and human resources have always been
at the core of economic development. With the continuous development of regional economy, human
resource development has been gaining intensity, and economic growth has become more dependent on
human resources. The impact of talent development on regional economic development is now more
prominent /). The driving mechanism of human resource development and management on regional
economic development is reflected in the following three aspects: first, regions with higher accumulation
of human capital have higher production capacity and innovation ability; an improvement in the average
human capital level promotes the physical capital and research and development level, which is conducive
to regional economic growth [®l; second, human resource development and management is realized through
various means, such as education investment, employee training, and medical and health investment;
education investment can improve the workers’ basic ability, enhance their cultural and scientific levels in
the learning process, as well as promote their cognitive, creative, and judgment abilities, thereby improving
their intellectual level overall, human resource training, on the other hand, promotes the absorption and
dissemination of knowledge by human resources, improves the level of science and technology, as well as
enhances the professional skills of human resources, thereby improving production capacity and efficiency,
which in turn would increase economic returns [); third, based on the driving force of the first two elements
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such as talents and innovation, human resource development and management is conducive to improving
the quality of regional talents rather than the quantity, applying the ability factors such as intelligence and
physical strength to practical work, giving full play to the comprehensive quality of human resources,
reducing brain drain, optimizing regional talent structure, improving talent competitiveness, and eventually
driving the transformation, optimization, and upgrading of regional economic growth %, In addition,
improving the scientific and technological innovation level of market subjects and promoting industrial
structure adjustments are conducive to realizing economic transformation, promoting the reasonable
allocation of regional economic resources, as well as promoting sustainable regional economic growth !/,

3.2. Feedback effect of regional economic development on human resource development and
management

On the one hand, the adjustment of industrial structure in the process of regional economic development
affects the cost, structure, and level of human resource development and management. With the rapid
development of regional economy and the continuous adjustment of industrial structure, new industrial
clusters are formed. In order to stabilize their market position, market participants will increase the human
resource development and management cost, expand the scale of talent introduction, and absorb and
cultivate more high-level talents. High-quality human capital will improve the employment structure,
further promote the development of regional economy, form a cluster-type effect, and create a good social
and economic cycle, thereby ensuring long-term development of both, regional economy and human
resources [!2!13. On the other hand, China has gone through different stages of economic development:
“agriculturalization — industrialization — informatization — knowledge-based — digitalization.” It has
achieved high-quality regional economic development, and its human resources have shifted from labor-
intensive to knowledge-based, and now to meeting the needs of talents in the digital age. This verifies that
the economic base determines the superstructure. At present, there is a higher demand for social talents as
a result of regional economic development. This increasing demand promotes the continuous optimization
and upgrading of the human resource development and management system, as well as the structural
improvement of the regional, professional, and talent markets. High-quality human capital accumulation
and increments have been achieved, and there is a steady momentum in regional economic development;
additionally, the regional development gap has been narrowed !4,

4. Current situation of human resource development and management in regional economic
development

4.1. Status quo of human resource quantity

Population is the basis of human resource. The scale and trend of population change are reflected in the
population size, its natural growth rate, and its changes. According to Table 1, in the past ten years, the
total population has been increasing year by year, but the natural growth rate of the population has
fluctuated. This is due to the significant decrease in birth rates based on the data analysis of the National
Bureau of Statistics. In addition, according to the data from 2021 China Statistical Yearbook, the proportion
of urban population has increased significantly, whereas the rural population has decreased year by year in
the past ten years.
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Table 1. National population and natural growth rate from 2010 to 2020

Year National population (10,000 people) Natural growth rate (%)
2011 134,916 6.13
2012 135,922 7.43
2013 136,726 5.90
2014 137,646 6.71
2015 138,326 4.93
2016 139,232 6.53
2017 140,011 5.58
2018 140,541 3.78
2019 141,008 3.32
2020 141,212 1.45

Source: China Statistical Yearbook 2021

According to Table 2, the distribution of human resources in China has gradually transitioned from
teenagers to young people in the seven national censuses. People aged 15—-64 make up the majority of the
national population size, and the scale of human resources has greatly expanded. However, the proportion
of the elderly population has seen a significant increase in 2020, with a difference of only 4.45% from the
proportion of population aged 0—14 in that year. The issue of aging human resources will become more
prominent. With the decline in the natural growth rate of China’s population and the accelerated aging of
the population, the total employment volume continues to decline, and the existing labor resources are in
short supply.

Table 2. Proportion of population of each age group in the seven national censuses (unit: %)

Year 0-14 years old 15-64 years old More than 65 years old
1953 36.28 59.31 4.41
1964 40.69 55.75 3.56
1982 33.59 61.50 491
1990 27.69 66.74 5.57
2000 22.89 70.15 6.96
2010 16.60 74.53 8.87
2020 17.95 68.55 13.50

Source: China Statistical Yearbook 2021

4.2. Status quo of human resource quality

Education is the basis for the systematic development of human resources. It is also considered to be the
key indicator for measuring the quality of human resources. It can be seen from Table 3 and Table 4 that
the education level of the national population has generally improved. In the 1960s, the population with
primary school education ranked first, while the population with junior college education and above was
the least. In the 21st century, the situation improved, and in 2020, the population with college education
and above increased. The downward trend in the number of illiterates is evident, from 233.27 million in
1964 to 37.75 million in 2020. The illiteracy rate has been decreasing year by year. Especially since 2000,
the illiteracy rate has dropped to single digits, with only 2.67% in 2010, indicating that the quality of human
resources in China has improved to a certain extent. However, on the whole, as of 2020, the supply of high-

921 Volume 5; Issue 5



level talents and high-skilled talents in terms of education level remains at a low level. The apparent gap in
supply and demand has resulted in the failure of meeting the needs of high-quality economic development.
According to the 2021 China Statistical Yearbook, there are also clear regional differences in the quality of
human resources in China, and the level of education reveals a specific characteristic: “high in the east and
low in the west.”

Table 3. Level of education per 100,000 people in the seven national censuses (unit: person)

Year College and above High school and secondary school Junior high school Primary school
1953 / / / /

1964 416 1,319 4,680 28,330
1982 615 6,779 17,892 35,237
1990 1,422 8,039 23,344 37,057
2000 3,611 11,146 33,961 35,701
2010 8,930 14,032 38,788 26,779
2020 15,467 15,088 34,507 24,767

Source: China Statistical Yearbook 2021

Table 4. Illiterate population and illiteracy rate in the seven national censuses

Year Illiterate population (10,000 people) Illiteracy rate
1953 / /

1964 23,327 33.58%
1982 22,996 22.81%
1990 18,003 15.88%
2000 8,507 6.72%
2010 5,466 4.08%
2020 3,775 2.67%

Source: China Statistical Yearbook 2021

4.3. Current situation of human resource structure

Since 2012, the national economic development has shown a “three-two-one” structure, i.e., the tertiary
industry has the largest GDP, followed by the secondary industry, with the primary industry having the
lowest GDP. By 2020, the primary industry’s GDP was 7,775.41 billion yuan, the secondary industry’s
GDP was 3,845.53 billion yuan, and the tertiary industry’s GDP was 5,539.68 billion yuan. Economic
development and human resources are complementary to each other. The industrial layout of human
resources reflects the power source of regional economic development. It is also related to the optimization
and upgrading of the industrial structure. According to Table 5, from 2016 to 2020, there was a shift in the
employment structure of China’s human resources industry from the primary industry to the tertiary
industry; however, the employment structure in the secondary industry remained the same. In recent years,
the employment of the tertiary industry ranked first. From the perspective of human resource structure, the
adjustment of industrial structure changes the human resource structure by affecting the employment
structure. The industrial structure adjustment and economic transformation and upgrading have led to an
imbalance in employment structure. The coexistence of labor shortage and unemployment has become
increasingly prominent. The gap between human resource supply and demand must be narrowed, and the
human resource structure requires further optimization 1],
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Table 5. Employment structure of human resources industry from 2016 to 2020 (unit: ten thousand people)

Year Primary industry Secondary industry Tertiary industry
2016 20,908 22,295 33,042
2017 20,295 21,762 34,001
2018 19,515 21,356 34,911
2019 18,652 21,234 35,561
2020 17,715 21,543 35,806

Source: China Statistical Yearbook 2021

4.4. Regional heterogeneity in the coordination between human resource development and
management and economic development

Based on the analysis of the quantity, quality, and structure of human resources, and taking into account of
the 2021 China Statistical Yearbook data, it can be seen that from a regional perspective, the unbalanced
education level and economic development have led to large regional differences in terms of the quantity,
structure, and quality of human resources in China %17, In view of the geographical advantages and policy
support, high-level talents and high-skilled talents are mainly concentrated in core industries and
economically developed eastern, central, and first- and second-tier cities. In the western region, due to the
relatively backward education level, poor policy support, and slow industrial development, the attraction to
talents is weak, resulting in structural imbalance and resource shortage in terms of human resource quality
and quantity between regions. In addition, due to the acceleration of urbanization, the main labor force is
concentrated in cities, which makes the development of poverty-stricken areas more challenging. As a result,
the pace of economic development declines rather than increases 31,

5. Path exploration of human resource development and management in regional economic
development

5.1. Increase investment and improve the quality of human resources

By analyzing the internal mechanism of human resource development and management to promote regional
economic development, it can be seen that human resource development and management is realized
through various methods, such as education investment, employee training, and medical and health
investment, all of which would help promote regional economic growth. As of 2020, the total number of
people over the age of six in China was 1,315,347,565. Among them, those with primary school education
accounted for 26.41%, junior high school education accounted for 37.03%, regular high school education
accounted for 16.13%, junior college education accounted for 8.54%, and university education accounted
for 37.03%, with undergraduates accounting for 7.16%, and postgraduate degrees accounting for 0.82%;
the remaining 3.91% were those who had never attended school. This shows that the overall quality of
human resources is not high.

Therefore, first of all, the government should promote the development and increase the investment in
education, in order to improve the education level of human resources, set a solid foundation for basic
education, and prioritize the education problems in remote and poor rural areas ['°. Second, vocational
training should be taken as another means to improve the quality of human resources. In today’s era of
digital economy, the accelerated development of science and technology and the acceleration of information
updating accentuate the importance of continuing education and training %!,

5.2. Reasonably allocate human resources and improve the structure of human resources
The rationality of the human resource structure is also one of the influencing factors of regional economic

93 Volume 5; Issue 5



development. According to the analysis above, in the 2020 GDP, the primary industry accounted for 7.65%,
the secondary industry accounted for 37.82%, and the tertiary industry accounted for 54.53%. In the
employment structure of the human resources industry in 2020, the employment in the primary industry,
secondary industry, and tertiary industry accounted for 23.6%, 28.7%, and 47.7%, respectively. Both the
GDP and the industrial employment structure show a “three -two-one” structure. This shows that economic
development and human resources are complementary to each other. Therefore, first of all, it is necessary
to allocate human resources in a reasonable manner, actively develop the tertiary industry, give full play to
the advantages of the tertiary industry, and vigorously develop emerging service industries to adapt to the
growth of digital economy. Secondly, it is necessary to plan the distribution of talents rationally in the three
major industries and attach importance to professional and technical personnel.

5.3. Balance the allocation of talents in various regions to effectively coordinate the shortage and
saturation of talents

According to the 2021 China Statistical Yearbook, there are clear regional differences in terms of the human
resource quality in China. Talents with higher education levels are concentrated in Beijing and Shanghai,
while those in Hainan, Tibet, and other regions have lower education levels. Considering the current
situation of economic development and human resources in the eastern, central, and western regions of
China, the following measures should be taken in order to narrow the regional gap and alleviate regional
heterogeneity: first, the state should vigorously support the economic development and human resource
development in the western region, beginning with employment, people’s livelihood, market, and other
aspects, along with the development status of remote areas in the west by introducing more generous talent
policies, so as to promote long-term and stable economic development in the western region; from a long-
term perspective, it is necessary to coordinate the current situation of talent shortage in different regions,
prevent talent gathering and “hometown plot,” and maximize the talent “reservoir” resources by
implementing the “limited post” system in some areas with relatively saturated human resources, so as to
indirectly promote more excellent talents to flow into the western region, balance the allocation of human
resources, and realize the simultaneous development of economic development and talent development
management (21,
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1. Introduction

Digital currencies have developed rapidly in this era. Bitcoin plays an increasingly prominent role in the
economy. Hence, the development of digital economy has had a certain impact on Bitcoin ['l. As a result,
there are fluctuations in the economic environment, be it small or large. From the beginning of the 21st
century, digital currency began playing a huge role in the market, and Bitcoin, which is one of the most
popular kinds of digital currency, was introduced in 2008 [?!. The currency has been used since 2009, and
it can be transferred through the bitcoin network. In the year 2021, the price of each bitcoin rose to 68,000
dollars.

On March 24, 2021, following the announcement by Tesla that bitcoin would be accepted for vehicle
purchases, Bitcoin price soared; on May 13, Musk tweeted that Bitcoin mining is a waste of energy, and
therefore stopped accepting bitcoin as payment. The tweet sent Bitcoin plummeting, with nearly 300,000
people exploding their holdings in 24 hours. With Musk’s help, Bitcoin hit a three-month high in a week.
On August 23, Bitcoin rose above $50,000 in sub-market trading and pre-European trading, breaking that
threshold for the first time in three months. Bitcoin hit a high of $64,000 in April, and then nearly halved
in mid-to-late May. Since late July, Bitcoin has gradually regained its upward momentum, breaking the
technical levels of $47,000 and $48,000 in a row.

Twitter is a software that was invented in the United States in 2006. Twitter users are spread across the
globe, with as many as 396.5 million people using Twitter in 2021 B! The Twitter-based economic
uncertainty (TEU) index consists of the total number of daily English-language tweets containing both
“uncertainty” terms as well as “economy” terms. A large group of data are concluded into the index to
determine the economic relationship . We construct daily, weekly, and monthly Twitter-based economic
uncertainty (TEU) indicators from 2011 onwards according to the counts of tweets about “economy” and
“uncertainty” B1.
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In this article, our exploration embodies the relationship between Bitcoin and Twitter-based economic
uncertainty index. First, we discuss the relationship and research background between Bitcoin and Twitter
in blockchain technology and introduce the relationship between Bitcoin and Twitter-based economic
uncertainty index. We then analyze the characteristics of Bitcoin and Twitter to prepare for the experimental
analysis that follows. The third section is a discussion of our research method. We use Bitcoin price change
and the change of uncertainty index for analysis. We also use R data for analysis, and two graphs that reveal
the relationship between TEU-ENG and Bitcoin are shown. The fourth section embodies the experimental
analysis. Based on the time-series graphs, we first perform a simple data analysis of the data components
and data sources. Subsequently, we describe the relationship between Bitcoin and Twitter-based economic
uncertainty by analyzing the wavelet correlation between the two based on the graph’s information.

2. Bitcoin price, social media, and wavelet coherence

In recent years, Bitcoin’s price volatility has garnered widespread attention from both academic researchers
and investors. Many studies are currently trying to find a way to predict volatility. Roy et al. [ proposed
the use of time series to predict the price of Bitcoin. They collected the daily market capitalization, trading
volume, and opening and closing prices of Bitcoin from July 2013 to August 2017, and applied the
processed data to the autoregressive integrated moving average (ARIMA) model, autoregressive (AR)
model, and moving average (MA) model to predict the price of Bitcoin for the next 10 consecutive days.
In another study, Karalevicius et al. [ used sentiment analysis to predict price movements. They used
various Bitcoin-related news portals to conduct sentiment analysis experiments and data preprocessing and
fed the data into a sentiment analyzer. They used a lexicon-based approach to observe how sentiment
changes over time.

Some academics have found a potential interaction between social media discussions and bitcoin prices.
According to Mai et al. 8], the majority of users, as the silent majority, contribute little, while a small group
of highly active users contribute the most and are more influential sources of information. They also
mentioned that in-depth discussions carried out on internet forums can paint a more comprehensive picture
of participants and are therefore more likely to trigger final adoption or purchase decisions. A study based
on Twitter sentiment, collecting a total of 92,550 tweets over 60 days, found a strong correlation between
Bitcoin percentage change and Twitter sentiment 1.

Time and frequency are important for studying Bitcoin price dynamics; wavelet coherence can be used
to locate correlations between sequences and evolutions in time and across scales. In Kristoufek’s study (1%,
a wavelet coherence analysis of Bitcoin price and some possible drivers was conducted separately; the
correlation and lead-lag relationship between them were evident. In Phillips and Grose’s study, the use of
wavelets showed consistency between cryptocurrencies and online factors among different
cryptocurrencies ', These previous studies fully demonstrate the practical significance of wavelet analysis.

3. Data and methodology

The data used in this study comprises Bitcoin (BTC) and Twitter-based economic uncertainty index (TEU-
ENG). We sourced the data on BTC from Yahoo Finance and gathered information about TEU-ENG from
the Economic Policy Uncertainty website. The period of collected data is from January 1, 2020, to June 1,
2022, yielding 883 valid pieces of data. We chose this period because we want to reduce the interference
of the COVID-19 pandemic on this study.

The wavelet coherence
Time series was used when analyzing BTC and TEU separately. In order to analyze the correlation between
BTC and TEU, we took into account of widely implemented methods, thus wavelet coherence was used.
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According to Torrence and Compo ['?!, the cross-wavelet transform can be represented by two-time
series a(t) and b(t) as follows:

Nav(p, ) = Na(p. ¢)Nv (D, q) (1

In the formula, Nu(p, g¢) and Ny(p, q) are the two continuous transformations of a(t) and b(t), p is the
position index, g is the measure, and the asterisk (*) represents the composite conjugate. As for the equation
of the coefficient of adjusted wavelet coherence, Torrence and Webster 3] stated that:

IM (M~'Nab (p, q)I?

WWQZMWAM@@WMWANQQW

2

M is the smoothing mechanism, and 0 < W*(p, ¢) < 1. This interval is the squared range of wavelet
coherence coefficients. Close to 1 indicates high correlation, whereas close to zero indicates a lack of
correlation.

4. Empirical analysis
We analyze the time-series graph of Bitcoin price, as shown in Figure 1.
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Figure 1. Bitcoin price from January 1, 2020, to June 1, 2022

The analyzed period began with a value of approximately $7,200 per bitcoin and ended at
approximately $30,000. That price has more than quadrupled in less than 30 months. Moreover, there were
two periods in 2021 when Bitcoin traded above $60,000.
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We analyze the time-series graph of Twitter-based economic uncertainty index, as shown in Figure 2.
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Figure 2. Twitter-based economic uncertainty index

We use TEU-ENG data, which consist of all tweets in English. The TEU-ENG index increased sharply
in March 2020, and the peak index was close to 650, just as COVID-19 was raging around the world.
Thereafter, the overall trend of the index dropped.

The wavelet coherence between BTC and TEU is shown in Figure 3.
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Figure 3. Wavelet coherence: BTC versus TEU

There are some prominent warm areas in the graph, which are located in the first half of 2021 and 2022.
They indicate strong dependency over the 16—64 days frequency bands for the corresponding sample period.
For the larger red island in 2022, the arrow points upward and to the left, indicating that BTC guides the
rise of TEU and is negatively correlated with TEU. The conflict between Ukraine and Russia in 2022
exacerbated this change and affected the volatility of the crypto market. In 2021, two hot red zones can be
seen, indicating strong dependence between two variables. For the red island over the 32—64 days frequency
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bands, the arrows point upwards-left and downwards-left, suggesting that BTC and TEU affect each other
and are negatively correlated. For the other smaller island, the arrow points upwards and to the right,
indicating that TEU is leading BTC during this period, and the two are positively correlated. In February
2021, Tesla’s CEO Elon Musk revealed Tesla’s $1.5 billion investment in Bitcoin. This revelation
prompted a short-term surge in demand for bitcoin. There are many smaller red areas in the 0—16 frequency
bands, and their arrows point differently. BTC and TEU have mutually bidirectional causality in the low-
frequency segment. Briefly, BTC and TEU show bidirectional causality in the low-frequency interval from
0—-64 days, but there is no dependence between them in the high-frequency interval (64-256 days).

5. Conclusion

In this study, we collect the daily data of BTC and TEU in the recent two years, analyze the time-series
graphs, and use a wavelet coherence graph to analyze the interactive guided-lag interactions in the time-
frequency domain. We conclude that BTC and TEU show bidirectional causality in the frequency interval
from 0-64 days, with no dependence between them in the high-frequency interval (64-256 days). We also
found that geopolitical conflicts, such as the Russia-Ukraine war in 2022, also affect Bitcoin’s price
volatility. These findings are useful for predicting Bitcoin price trend.
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1. Introduction

China’s economy is in a period of transition, and digital economy has become a new source of growth for
the nation. According to China’s officials, digital economy has now made a considerable contribution to
China’s economic expansion, accounting for more than 60% of gross domestic product (GDP) with a scale
exceeding RMB 45 trillion. However, the insufficient and imbalanced development between urban and
rural areas is still prominent, with a significant gap in their development and income distribution. China’s
14th Five-Year Plan and the Long-Range Objectives Through the Year 2035 clearly states that “the growth
of per capita disposable income will keep pace with GDP growth, and there will be a significant
improvement in the distribution structure.” This is one of the main goals of China’s social and economic
development in this period. Therefore, promoting balanced economic growth between urban and rural
regions and narrowing the rural-urban income gap have become pressing issues to be solved. It is of
practical significance to study the role of digital economy, as the impetus for socio-economic development
in the new era, in boosting income and reducing the rural-urban income disparity.

2. Literature review

There has been many academic research on how digital economy influences urban-rural income disparity.
According to Chen Wen and Wu Ying, a “U-shaped” relation exists between digital economy development
and income disparity, i.e., rural-urban income disparity lessens at the early stage of development, but with
further development, the inequality exacerbates, giving rise to the urban-rural digital divide phenomenon
(1l Wang Jun and Xiao Huatang argue that the effect of digital economy on rural-urban income disparity is
regionally heterogeneous, with a lessening effect in the central and western regions, an increasing effect in
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the eastern region, and no significant effect in the northeastern region 2. According to Chen Xinxin and
Duan Bo, digital economy significantly narrows the rural-urban income gap in East and Central China
through agglomeration economies, but the western region fails to promote the agglomeration of production
factors and cross-regional mobility, thereby widening the rural-urban gap . Liu Jun argues that the
advancement of digital economy makes a direct contribution to promoting income equality and facilitating
labor mobility, which indirectly leads to better income distribution . It can be seen that there are still
disagreements among academics about the mechanism and effect of digital economy on rural-urban income
disparity, thus requiring further analysis of regional heterogeneity.

In addition, evaluating the level of digital development in a region is also an issue that needs to be
discussed and studied. Nowadays, most of the current indexes are constructed by research institutions and
scholars themselves. For instance, China Digital Economy Development Index and The Peking University
Digital Financial Inclusion Index of China were constructed by China Electronics Information Industry
Development Institute and the Institute of Digital Finance of Peking University, respectively. These indexes
are based on sufficient data and are credible, but on the one hand, it is difficult to obtain the data for these
indexes, and they cannot be compared with each other. Hence, many scholars tend to construct their own
indexes. For example, Bai Peiwen and Yu Li measured the level of digital economy development of each
city from four aspects: digital products users, digital enterprises, digital platforms, and digital output ©°; Li
Xiaozhong and Li Junyu constructed a different index, which includes digital foundation, application
capability, industrial support, and development capability [, The significant variation in the constructed
indexes used to measure the level of digital economy development affects the research conclusions to a
certain extent.

The vast exploration of the connection between digital economy development and urban and rural
citizens’ income by scholars has an important reference value for this paper. This paper selects 12
measurement indicators, constructs a measurement index for determining the level of digital economy
development, and studies the effect of digital economy on the income disparity between rural and urban
citizens from theoretical and empirical perspectives.

3. Theoretical analysis

3.1. Digital economy can lessen rural-urban income disparity

The purpose of reducing the income gap is to increase the growth rate of rural residents’ disposable income
[71. The influence mechanisms of digital economy on the rural residents’ per capita disposable income can
be summarized in several points.

Firstly, the main source of income for rural residents is agricultural production. Digital economy can
improve the efficiency of agricultural production, thus driving their income growth. The construction of
digital infrastructure is conducive to the efficient dissemination of information and reducing the time cost
for rural residents to obtain information. On the one hand, rural residents can gain immediate access to
practical information through the internet and learn about advanced agricultural production techniques,
crop varieties, and cultivation methods, thus guiding their farming activity and improving productivity; on
the other hand, rural residents can learn scientific and cultural knowledge through the internet at a lower
cost and improve their education level, which in turn improves the quality of the rural workforce.

Secondly, the growth of digital economy has eliminated barriers to employment and boosted job
opportunities, drawing talents to rural regions, boosting human capital, and improving rural revitalization.
For example, internet enterprises have moved to the countryside, supported rural development, and
participated in rural revitalization initiatives, thus creating more job prospects, significant income, and
insurance, all of which are beneficial in attracting young people back to the village.
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Thirdly, the growth of digital inclusive finance has had a knock-on effect on rural residents’ income.
Digital inclusive finance has increased the coverage of conventional financial goods and financial services,
while lowering the cost of access for people in rural areas. Rural residents can, on the one hand, increase
their property income level by investing and borrowing money, and on the other hand, purchase digital
insurance services to safeguard themselves against unforeseen hazards, thus ensuring financial security.
Digital inclusive finance benefits the agricultural sector as it increases efficiency and lowers financing costs.
This helps the rural communities that rely on funding to grow their business and gain better economic
benefits.

3.2. The effect of digital economy on rural-urban income disparity varies by area

The expansion of digital economy is mainly evaluated by the levels of digital economy infrastructure,
digital industry development, and industrial integration [, Generally speaking, regions with rapid economic
growth have relatively good infrastructure, high urbanization rate, and an industrial structure that is
dominated by tertiary industries with high marginal returns. This gives them a certain geographical
advantage in developing digital economy. In addition, most digital technology research institutes and
leading digital industry enterprises are located in first-tier urban areas [}, rendering these regions a natural
technological advantage in developing digital economy. An empirical analysis of regional heterogeneity is
also presented in this paper.

4. Empirical analysis

4.1. Data sources

In our study, we selected data from 30 provinces in China from 2013 to 2020, We did not consider Tibet,
Hong Kong, Macau, and Taiwan because the data for these areas were missing or found unsuitable for
comparison with other areas. The data were mainly obtained from the National Bureau of Statistics of China
and the statistical yearbooks of each province; the data related to digital finance were obtained from The
Peking University Digital Financial Inclusion Index of China (2013-2020), which was compiled by the
Institute of Digital Finance of Peking University.

4.2. Empirical model
According to the above theoretical analysis, we establish the following empirical model (1):

Theil,, = oy + o Dig; ,+ a,Z, , + 14, + 6, + &, (1)

Theil,, = = xIn|| = |/| —= )
R

Theil is the predicted variable, which represents rural-urban income disparity. We used formula (2) to
calculate the Theil index for different years in each region, where y, is the per capita disposable income of
all provincial residents in year ¢, x; is the total resident population of a province at the end of the year in
year t; when i = 1, the above variable indicates urban areas, but when i = 2, it indicates rural areas.

The explanatory variable is digital economy development index (Dig). For the selection of individual
indicators, we have made extensive reference to various studies conducted by Grishchenko ), Choi
Changkyu and Yi Myung Hoon '), Benlagha and Hemrit ', Elena Toader et al. ['*), Song Xiaoling 3],
Zhang Xun et al.''¥, Zhang Xun, Wan Guanghua, and Wu Haitao (2021) [*], Jing Wenjun and Sun Baowen
(1] Xu Xianchun and Zhang Meihui ['"), as well as Johannes Bauer ['*). We then decided on the following
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12 indicators from three dimensions and constructed a digital economy indicator system, containing one
primary indicator, three secondary indicators, and 12 specific indicators (as shown in Table 1). Based on
this indicator system, the entropy evaluation method (EEM) was used to calculate our index.

Table 1. Digital economy development indicators

Primary indicator ~ Secondary indicators Specific indicators
Cable density
Development of the Mobile phone penetration rate
infrastructure of digital Number of ports connected to internet broadband
economy Number of users connected to internet broadband

Software business revenue

Level of digital Research and development (R&D) expenditure of industrial enterprises
Level of development of . . . .

economy L Revenue generation per new product for industrial enterprises
the digital industry T . .

development Total telecommunications services per capita

The Peking University Digital Financial Inclusion Index of China

Level of digital Levels of online mobile payments
transformation of the Number of websites per 100 companies
industry Average e-commerce sales of companies

Average e-commerce purchases of companies

Z,,is the group of control variables, which include economic development (Eco, the GDP per capita

of each province in each year and logarithmically processed); industrial structure (Is, the ratio of the value
of the tertiary sector to the value-added of the primary and secondary sectors); the educational level of the
population (Edu, the average number of years of education of the population in the provincial regions); the
structure of fiscal expenditure (Fes, the ratio of social security and employment expenditure, health
expenditure, as well as agriculture, forestry and water affairs expenditure to the local general budget
expenditure); and the age structure of the population (As, the ratio of the number of retired people and
children to the number of the working-age population in each province).

#; denotes the regional fixed effect, §, denotes the time fixed effect, and &, denotes the random

error term.
The descriptive statistics for the explanatory variables, core explanatory variables, and control
variables are shown in Table 2.

Table 2. Descriptive statistics

Sample Standard .
Name of variable Mean Minimum  Maximum
size deviation
Theil (Theil) 240 0.132 0.061 0.016 0.290
Digital economy development level index (Dig) 240 0.101 0.090 0.007 0.496
Economic development (Eco) 240 10.868 0.412 9.997 12.009
Industrial structure (Is) 240 1.137 0.725 0.530 5.147
The educational level of the population (Edu) 240 9.530 1.175 7.474 13.438
Structure of fiscal expenditure (Fes) 240 0.330 0.056 0.180 0.489
Population age structure (As) 240 37.199 6.213 22.700 51.120
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4.3. Empirical results

4.3.1. Results of the benchmark model

In Table 3, columns (1)—(4) are the regression results of the pooled ordinary least squares (OLS), fixed
effects model, two-way fixed effects model, and random effects model, respectively, on which the Breusch-
Pagan Lagrange multiplier (BP-LM) test and Hausman test were conducted. The results show that it is more
reasonable to use the fixed effects model to regress the sample. In addition, a joint significance test of the
time dummy variable was also conducted, in which the results show that the time effect needs to be
controlled. Therefore model (3) is the optimal model.

Table 3. Results of benchmark model

(&) (©)) (&) “@
Dig 0.0676 -0.143%** -0.1479%** -0.115%**
Eco -0.0569** 0.0714%** 0.0305 0.0545%**
Edu -0.0127%** -0.00150 -0.00513 -0.00132
Is 0.00884 -0.000699 -0.0101 -0.0119**
Fes 0.319%* 0.0669** -0.0202 0.150%**
As 0.288%* 0.0613** 0.0125 0.126%**
cons 0.635%* -0.656*** -0.137 -0.516%**
Regional fixed effect No Yes Yes No
Time fixed effect No No Yes No
Sample size 240 240 240 240

Note: *** P < (.01, ** P<0.05,and * P<0.10

According to the findings of the two-way fixed effects model, the coefficient of the digital economy
development index (Dig) is significantly negative at the 1% level, with an estimated value of -0.148,
proving that there is an inverse relationship between digital economy development and rural-urban income
disparity in China. This is in line with the theoretical analysis where the development of digital economy
helps lessen income inequality.

4.3.2. Analysis of regional heterogeneity

Referring to the classification often used by scholars when collecting regional data /2%, China’s provinces
can be divided into six regions: North China, East China, Northeast China, Central and South China,
Southwest China, and Northwest China. Regression analysis was conducted using a two-way fixed effects
model by region, and the results are shown in Table 4.

Table 4. Empirical analysis of regional heterogeneity

) (2) 3) C)) ) (6)
North East Northeast Central and Southwest Northwest
China China China South China China China
Dig -0.184%%** -0.115%%* -0.255 0.0528** 0.0298 -0.228
Eco -0.00147 0.0139 0.0286 0.0834 0.238* -0.0197
Edu -0.0135%* -0.00357 0.00876 -0.000874 -0.0284%** 0.00724*
Is 0.00524 -0.0120 -0.0277** 0.0305 0.0492 0.0177**

(Continued on next page)
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(Continued from previous page)

) (2) 3) C)) 5 (6)
North East Northeast Central and Southwest Northwest
China China China South China China China
Fes -0.0732 -0.0398 -0.129%** -0.0587 0.0628 0.158%**
As 0.0579 -0.0160 -0.127 0.206%** 0.0273 0.136**
cons 0.248 0.00830 -0.196 -0.839 -2.123* 0.206
Sample size 40 56 24 48 32 40

Note: *** P <0.01, ** P <0.05, and * P <0.10

The impact of digital economy expansion on the income of urban and rural populations varies across
different regions. In North China and East China, the development of digital economy is conducive to
narrowing the urban-rural income gap, which is in line with the results obtained from the benchmark model.
In Northeast, Northwest, and Southwest China, the effect of digital economy development on rural-urban
income disparity is insignificant, probably because these three regions are at a disadvantage in terms of
digital economy infrastructure, digital industry development, talent pool, resource endowment, and regional
economic development compared to the former two regions. On the other hand, in Central and South China,
digital economy development widens the urban-rural income gap. This indicates that a “digital divide” has
emerged in this region.

4.3.3. Robustness test

We winsorized the predicted variable, Dig, at 1%, and then conducted regression by the two-way fixed
effects model. As shown in Table 5, column (2), the coefficient of the predicted variable was still
significantly negative, with a coefficient of -0.1480. Since the level of digital economy development in
Beijing and Shanghai is significantly higher than other provinces, municipalities, and autonomous regions
in the original data, we repeated the regression on the panel data after excluding the samples from these
two places. The results are shown in Table 5, column (3), in which the coefficient of the predicted variable,
Dig, was still significantly negative, with a coefficient of -0.151. This indicates that the results of the
empirical analysis are robust.

Table 5. Robustness test results

@ 2 A
Dig -0.1479%*** -0.1480%*** -0.151***
Eco 0.0305 0.0294 0.0260
Edu -0.00513 -0.00506 -0.00118
Is -0.0101 -0.00991 -0.0190
Fes -0.0202 -0.0226 -0.0253
As 0.0125 0.0115 0.0343
cons -0.137 -0.125 -0.119
Regional fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
Sample size 240 240 224

Note: *** P <0.01, ** P <0.05, and * P <0.10
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5. Conclusion

This study provides an empirical analysis using the data from 30 provinces and other provincial areas in
China between 2013 and 2020 and concludes the following: firstly, digital economy helps in promoting
rural-urban income equality in China; secondly, the effect of digital economy on the rural-urban income
disparity in China is regionally heterogeneous, significantly bridging the income gap in East, North, and
Northeast China.

Acknowledgements

We would like to express our sincere thanks firstly to our tutor, Lina Wang, who encouraged us and gave a
lot of guidance and advice. We are also grateful to all of our friends and classmates who helped with the
writing of this manuscript.

Funding

The work was supported by the 2022 College Students’ Innovation and Entrepreneurship Training Program
of School of Economics and Management, North China University of Technology “Research on the Impact
of the Digital Economy on the Income of Urban and Rural Residents” (Project Number:
108051360022XN413).

Disclosure statement

The authors declare no conflict of interest.

Author contributions

S.Z. conceived the idea for the study; Y.D. collected and analyzed the data as well as wrote the paper.

References

[1] Chen W, Wu 'Y, 2021, Digital Economy’s Development, Digital Divide and the Income Gap Between
Urban and Rural Residents. South China Journal of Economics, 2021(11): 1-17.

[2] Wang J, Xiao H, 2021, Has the Development of Digital Economy Narrowed the Income Gap Between
Urban and Rural Residents?. Reform of Economic System, 2021(06): 56—61.

[3] Chen X, Duan B, 2022, Has the Digital Economy Narrowed the Gap Between Urban and Rural Areas?
— Empirical Test Based on Mediating Effect Model. World Regional Studies, 31(2): 280-291.

[4] LiuJ, Yang Y, Zhang S, 2020, Research on the Measurement and Driving Factors of China’s Digital
Economy. Shanghai Journal of Economics, 2020(06): 81-96.

[5] Bai P, Yu L, 2021, Digital Economy Development and Firms’ Markup: Theoretical Mechanisms and
Empirical Facts. China Industrial Economics, 2021(11): 59-77.

[6] LiX,LilJ, 2022, Research on the Influence of Digital Economy Development on Urban-Rural Income
Gap. Journal of Agrotechnical Economics, 2022(02): 77-93.

[7] Mu T, Diao L, Huo P, 2021, Digital Economy and Inclusive Growth of Urban and Rural Areas: An
Analysis from the Perspective of Digital Skills. Chinese Review of Financial Studies, 13(04): 3657
+ 124-125.

[8] Zhao T, Zhang Z, Liang S, 2020, Digital Economy, Entrepreneurship, and High-Quality Economic
Development: Empirical Evidence from Urban China. Journal of Management World, 36(10): 65-76.

108 Volume 5; Issue 5



[9] Grishchenko N, 2020, The Gap Not Only Closes: Resistance and Reverse Shifts in the Digital Divide
in Russia. Telecommunications Policy, 44(8): 102004.

[10] Choi C, Yi MH, 2009, The Effect of the Internet on Economic Growth: Evidence from Cross-Country
Panel Data. Economics Letters, 105(1): 39—41.

[11] Benlagha N, Hemrit W, 2020, Internet Use and Insurance Growth: Evidence from a Panel of OECD
Countries. Technology in Society, 62: 101289.

[12] Toader E, Firtescu BN, Roman A, et al., 2018, Impact of Information and Communication Technology
Infrastructure on Economic Growth: An Empirical Assessment for the EU Countries. Sustainability,
10(10): 3750-3750.

[13] Song X, 2017, Empirical Analysis of Digital Inclusive Finance Bridging the Urban-rural Residents’
Income Gap. Finance & Economics, 2017(06): 14-25.

[14] Zhang X, Wan G, Zhang J, et al., 2019, Digital Economy, Financial Inclusion, and Inclusive Growth.
Economic Research Journal, 54(08): 71-86.

[15] Zhang X, Wan G, Wu H, 2021, Narrowing the Digital Divide: The Development of Digital Finance
with Chinese Characteristics. Social Sciences in China, 2021(08): 35-51 + 204-205.

[16] Jing W, Sun B, 2019, Digital Economy Promotes High-Quality Economic Development: A Theoretical
Analysis Framework. Economist, 2019(02): 66-73.

[17] Xu X, Zhang M, 2020, Research on the Scale Measurement of China’s Digital Economy — Based on
the Perspective of International Comparison. China Industrial Economics, 2020(05): 23—41.

[18] Bauer JM, 2018, The Internet and Income Inequality: Socio-Economic Challenges in a
Hyperconnected Society. Telecommunications Policy, 42(4): 333-343.

[19] Chen C, 2018, Research on the Dynamic Transformation of High-Quality Economic Development in
New Era. Shanghai Journal of Economics, 2018(05): 16-24 + 41.

[20] Zhang X, Jiao Y, 2017, A Preliminary Study of China’s Digital Economy Development Index and Its
Application. Zhejiang Social Sciences, 2017(04): 32—40 + 157.

Publisher’s note

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

109 Volume 5; Issue 5



Proceedings of Business and Economic Studies, 2022, Volume 5, Issue 5

B Iq - BYWO R D http://ojs.bbwpublisher.com/index.php/PBES

ISSN Online: 2209-265X
ISSN Print: 2209-2641

Marketing Analytics Case Study: Hotel Catalonia
Barcelona Plaza

Lan Shen*
International Business Economics, University of Nottingham, Ningbo 315000, Zhejiang Province, China

*Corresponding author: Lan Shen, biyls6@nottingham.edu.cn

Copyright: © 2022 Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), permitting distribution and reproduction in any medium, provided the original work is cited.

Abstract: Imagine a scenario where Hotel Catalonia Barcelona Plaza approached a consulting company, seeking to
understand its customers and improve its performance. The hotel provided its room booking records from 2015 to 2017 to the
consulting company, while the consulting company collected tweets about the hotel, its customer reviews from Booking.com,
and the reviews of other hotels in Barcelona. With all the data collected, the consulting company conducted an analysis to
help the client hotel understand its customers and performance, and subsequently provided corresponding recommendations

based on the findings.
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1. Executive summary

1.1. Company background information

Hotel Catalonia Barcelona Plaza is ideally located in Plaza Espana. The hotel provides optimum comfort
to its customers with newly renovated magnificent rooms and stunning views. In order to meet the various
demands of its customers, it has complete facilities for fitting, business, and leisure purposes. Notably, it
has an outdoor swimming pool on its terrace and gymnasium for those who wish to stay in shape.
Additionally, the hotel has 11 meeting rooms for business meetings and corporate events on its premise. In
terms of food and feast, customers are able to enjoy the impeccable food and services offered by its two
restaurants: a café and a gardened marquee for parties and celebrations.

1.2. Assumptions and tasks

This report is based on the hotel’s data from 2015 to 2017, aiming to explore its business potential and
improvements without the influence of the COVID-19 pandemic. In order to achieve this, a comprehensive
analysis is conducted to understand the consumers of this hotel and investigate the profiles of existing target
audience (TA). Thereafter, the performance of the hotel is evaluated from different aspects, including
strategic positioning compared with main competitors. A review analysis utilizing sentiment data and topic
modelling is also discussed in this report. Finally, feasible recommendations are proposed from both,
strategic and tactical levels to help Catalonia Barcelona Plaza bolster its established status and develop into
new markets.

1.3. Insights
The consumer segments that the client hotel served in the past three years consist of business people,
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couples, and getaway families, amongst which business people and couples have made the largest
contributions. Taking into account of the communication messages delivered specifically to business people
on the official website, the target consumers of the client hotel can be defined as follows: corporate road
warriors as the core audience, family getaway-oriented travelers as halo audience 1, and romantic trip-
oriented couples as halo audience 2.

The client hotel and its main rivals each have their own niche in the hotel industry, thus creating a
delicate equilibrium. However, in order to increase its market share, the client hotel may target a profitable
and prospective market segment, namely solo tourists, without significantly disrupting the equilibrium.

Reviews have revealed a slight rise in customer dissatisfaction with the client hotel over the past three
years. The customers are mainly dissatisfied with the facilities and environment in the rooms, bathrooms,
bar, breakfast, and staff services; however, many are pleased with the client hotel’s location and view.

1.4. Recommendations

(1) Develop varying strategies for four different consumer segments.

(2) Improve the quality of offerings and provide personalized services.

2. Consumer understanding

Figure 1 shows that the client hotel often receives reservations from 2 adults, followed by 1 adult, and 3—

4 adults or above. In terms of nationality, tourists from France, Germany, and Britain account for the top
three reservations out of all nations (Figure 2).
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Figure 1. Proportion of reservations by the number of adults
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Figure 2. Number of reservations by country of origin
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By classifying the guests by the number of adults who made reservations and checked in, there are
three categories as shown in Figure 3: category one (1 adult); category two (2 adults), and category three
(2—4+ adults). These three categories can be further subdivided based on the number of children and babies
each booking relates to. For instance, category one (1 adult) can be divided into “1 adult with O children or
babies” or “1 adult with 1-2 children.” To be precise, they are two groups: “business people” and “one
parent with children or babies.” In terms of their contributions to the client hotel, the aforementioned
“business people” contributed 15.4% of the total reservations from 2015 to 2017, whereas the reservations
made by “one parent with children or babies above” were 0.5% of the total.

Customer Segmentation %g

business people
0 children or babies 15.4% *
1 adult
1~2+ children or babies one parent with children or babies 0.5%
couples
0 children or babies 67.4% *
2 adults business people with colleagues
1~2+ children or babies getaway families ¢ 8.0%
0 children or babies business people with multiple colleagues 8.4%
3~4+ adults
1~2+ children or babies getaway families ¢ 0.20%

Figure 3. Customer segmentation

Insights

Therefore, the consumer segments that the client hotel have served in the past three years mainly consist
of business people, couples, and getaway families, amongst which business people and couples have made
the largest contributions. Taking into account of the communication messages seen on the official website
of the hotel, their focus is on business aspects to attract business people, as shown in Figure 4. Hence, the
existing target audiences of the client hotel can be defined as follows: corporate road warriors or business
people as the core audience, followed by family getaway-oriented travelers and romantic trip-oriented
couples as the two types of halo audiences (Figure 5).
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Figure 4. Communication messages on the official website that focus on attracting business people
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core
audience

halo
audience 2

halo
audience 1

TAs are young couples
looking for a romantic
place for dating

TAs are families wishing TAs are business
to spend holidays together people on international
business trip frequently

Figure 5. Existing target audiences of the client hotel

Accordingly, the representative of each target audience can be defined (Figure 6). Kévin, from France,
represents corporate road warriors, the Schmidt family from Germany represents family getaway-oriented
travelers, and Lily and Jack, from Britain, represent romantic trip-oriented couples.

Geographic French
characteristics

Psychographic | e Personality: positive, proactive, adaptive and willing to

characteristics embrace challenges

o Lifestyle and value: dress well and keen on fashion;
quality-concerned, less price-sensitive; prefer to “chill”
after working hours; focus on self-improvement

Demographic e Age: 30 years old

characteristics | e Occupation: international trade

e Income: generally well-paid

e Education: MBA

e Family and household: single

Kévin

Family getaway-oriented travellers

Geographic German
characteristics
Psychographic | e Personality: family and children come first
characteristics | e Lifestyle and value: keen on comfortable experience and

of parents value family togetherness
Demographic e Age: 35 years old
characteristics | e Occupation: white collar
of parents o Income: generally well-paid
o Family and household: 2 children
(10 months and 3 years old)

The Schmidt’s

Romantic trip-oriented couples

Geographic British
characteristics

Psychographic | e Personality: caring and sweet to each other
characteristics | e Lifestyle and value: dress well and keen on fashion; not
keen on travelling but rather spending time together in the
hotel; expecting to celebrate their one-year anniversary

Demographic e Age: 25 years old

characteristics | e Occupation: 3-year working experience

e Income: not well-off but spend generously on this
romantic trip

e Education: bachelors

e Family and household: a year into this romantic
relationship

Figure 6. Profiles of representative target audiences

113 Volume 5; Issue 5



3. Performance evaluation

In this section, the performance of the client hotel is evaluated, focusing on two key factors: strategic
positioning assisted by competitive profile matrix, and its customer reviews investigated by sentiment
analysis and topic modelling.

Insights

(1) The client hotel and its primary competitors each have their own niche position in the hotel industry,
thus creating a delicate equilibrium. However, in order to grow its market share, the client hotel may
develop a profitable and promising market segment, namely solo travelers, without disturbing the
equilibrium to a large extent.

(2) There has been a slight increase in customer dissatisfaction with the client hotel, as reflected in reviews
over the past three years. The customers are dissatisfied with the facilities and environment in the rooms,
bathrooms, and bar, staff services, as well as the breakfast provided; however, many are pleased with the
staff, location, and view of the client hotel.

As a renowned destination for visitors with leisure purposes and the world’s top city for workcations
(1 Barcelona is packed with hotels, in which fierce competitions exist between them. As shown in Figure
7 21 among all the cities around the globe, Barcelona ranks 13th in the ranking of “Cities with the Most
Hotels.” Consequently, in order to distinguish themselves from these hotels, a solid positioning strategy
would be crucial to delivering precise messages to the right consumer segments and ultimately providing a
return on investment [/,

CITIES WITH THE MOST HOTELS (INCLUDING HOSTELS)

Rank - Total - City, Country - Hotel rooms/B&Bs&Inns/Specialty

o 4169 - Beijing, China - 3505/426/238

o 3127 - Rome, Italy - 1279/1567/281

o 2756 - Shanghai, China - 2485/169/102

o 1984 - Paris, France - 1847/59/78

© 1793 - London, England - 1065/381/347

© 1611 - Guangzhou, China - 1558/22/31

o 1330 - Marrakech, Morocco - 422/806/102

o 1280 - Hangzhou, China - 1155/67/58

o 1227 - Shenzhen, China-1178/38/11
1218 - Chengdu, China - 1074/77/67
1139 - Istanbul, Turkey - 706/299/134
1101 - Prague, Czech Republic - 667/187/247

(1081 - Barcelona, Spain - 547/162/372 |

e}

o O O

Figure 7. Ranking of cities with the most hotels

Having gathered information from the client hotel’s official website, a complete picture of its
positioning is illustrated in Figure 8. It claims to be an ideal accommodation for business trips and short
breaks, and it emphasizes a high price-facility ratio to target primarily corporate road warriors.
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CATALONIA BARCELONA PLAZA

CATALONIA
+ excellent connections with every means of public transport.
« 2 restaurants: Filigrana, specializing in market cuisine and

PRODUCT grilled; and the Japanese restaurant Kurai.

CATALONIA ++ o =Y HIGHLIGHTS « 11 meeting rooms to organise business meetings, conventions and
BARCELONA PLAZA

family celebrations
+ wonderful views of Plaza de Espaiia, the Fountains and the Palace
of Montjdic.

ideal accommodation for business trips or short

PROPOSITION
breaks.

Poes

PRICE: 102-325 Euros

Communication highlight

1. Location advantage, complete 2. High price-facility ratio
facilities for business and short breaks ‘
= CATALONIA s+ 2+ 5T
BARCELONA PLAZA
—_—
paz

Figure 8. Details of the client hotel (offerings, TA, communication highlights)

Based on the location of the client hotel on Google Maps, the hotel cluster surrounding Catalonia
Square, which is the heart and center of Barcelona, could be identified. Eight hotels in this cluster are
marked by blue locators in Figure 9.
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Figure 9. Hotel cluster around Catalonia Square on Google Maps
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In order to determine the client hotel’s main competitors, the competitive profile matrix is employed.
This matrix, as shown in Figure 10, is used to further determine the main competitors of the client hotel,
thus narrowing down the company’s main rivals and comparing them based on the industry’s key
competitive criteria [*. This may help the client hotel better understand its external environment and its
competitors ). The intuition of this matrix is to first define the possible criteria, and then assign each
dimension a weighting and rate the hotels according to their actual competitiveness. By filtering and
gathering average review ratings and the total number of received reviews from the given data (Figure 11),
the 8 hotels can be compared to the client hotel in the matrix. Taking Ayre Hotel Gran Via as an example,
the hotel may receive 1 in the first dimension (“star rating compared with us”) since it has the same star
rating as the client hotel. In terms of review rating, it is comparable to the client hotel; hence, it is given 1
as well in the dimension “review rating compared with us.” Likewise, the dimensions of “proximity to us”
and “popularity compared with us” can be scored. From the results, it is clear that Ayre Hotel Gran Via,
Pestana Arena Barcelona, and Ofelias Hotel 4* Sup are the top three key competitors, as indicated by red
stars in Figure 9.

Criteria Weight“”"“‘ [v I J Onix Fira T Hotel Acta Azs Hotel Brick Barcelona
Star
Rating
Compared 0.40 1 0 1 1 0 0 0 0
with us
Review
Rating
Compared 0.25 1 1 1 1 0 1 0 1
with us
roxmtyl 5150 0 1 0 0 0 0 0 0
to us
Popularity
Compared
with us 0.15 1 0 0 0 0 0 0 0
Total 449 0.80 0.45 000 025  0.00 0.25
Score

Figure 10. Competitive profile matrix

average review rating  total number of reviews received (popularity)

8.8 6883
9.3 1015
8.5 1252
8.6 729
7.8 1951
8.7 1773
8.1 2110

9 1348
8.6 2969

Figure 11. Average review rating and total number of reviews received
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Similarly, the profiles of the aforementioned main competitors are analyzed below.
(1) Pestana Arena Barcelona: a boutique hotel in the center of Barcelona that caters to travelers who are

concern about the price-value ratio.

PESTANA ARENA BARCELONA

« gym, sauna and Turkish bath
PRODUCT + meals at the Lorenzo restaurant and bar
GlCLIRCL IR - terrace during the summer
* huge LCD TV

@
|| PESTANA

aleleblile /I A BOUTIQUE HOTEL IN THE CENTER OF BARCELONA

PRICE: 70-133 Euros Travellers who concern price-value ratio

Communication highlight

1. Awards and certifications 2. Promotions to get discounts

T&eles’  TRIPADVISOR

\\ Travellers' Choice 2021

BARCELONA HOTELS ASSOCIATION

Official Member SPRING PROMOTION
at s

Up to 25% off!
Book yourseif a

(2) Ofelias Hotel: a hotel that provides a harmonious stay in an environment dominated by beauty and
sensuality, serving solo travelers who expect to enjoy individual hours.

OFELIAS HOTEL

+ Solarium-swimming pool
+ Chill out area
PRODUCT 2 g/lassage service in room
HIGHLIGHTS + Smoke free hotel '
+ Solar panels: a large part of the hotel’s energy is renewable
+ Outsourced restauration service
+ Rooms for holding any person or corporate event
[+]

a harmonious stay in an environment dominated by

PROPOSITION
sensuality and beauty.

Solo travellers who want to enjoy “ME” time

PRICE: 173-371 Euros

Communication highlight

1. Enjoy individual moments 2. Dominated by breathtaking sensuality and beauty

UM LuxuRy | BUBANVIELIA SUPERIOR TERRACE

Ofelias' rooms combine a simply
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(3) Ayre Hotel Gran Via Barcelona: the ideal accommodation for business people, families, and young
couples.

AYRE HOTEL GRAN VIA BARCELONA

I ORI  HOTELS 6 DESTINATIONS OFFERS MEETINGS & EVENTS

« Location advantage: very close to the Barcelona’s Exhibition Centre,
Fira de Barcelona
PRODUCT + 3 meeting rooms that can accommodate both corporate events and
HIGHLIGHTS private parties.
« taste authentic signature cuisine in a relaxed and peaceful
environment, with an exquisite and personalized treatment.

The ideal accommodation for business

PROPOSITION g
people, families and young couples.

— Mainly business people, and then families and young couples
PRICE: 165-356 Euros

Communication highlight

1. Sites and activities designed 2. Welcome different groups of people with various demands
for business people

BUSINESS CENTER

A ) intjust for twa

¥
M

- !

LONG WEEKEND ADVANCE BOOKING ROMANTIC GETAWAY

A perceptual map based on the positioning strategy of these hotels is depicted, where the four hotels
occupy varied places among their competitors. A perceptual map is a diagram used to map out how
consumers perceive brands or items; it helps businesses stay in a greater ecosystem by understanding the
relative positioning of different competitors [°!. For the client hotel, it is situated in the blue area, delivering
messages of high price-value ratio to customers, ranging from business people to families and couples.
Hence, it can be said that its performance on strategic positioning is evident and distinct in this competitive
hotel industry. However, there is still considerable potential for the client hotel to build a new market
segment — solo travelers — as represented by the blue dashed section in Figure 12.

PESTANA ARENA BARCELONA

OFELIAS HOTEL

A Leisure
purposes
Togetherness @
PTTYY
. . individual @
l‘ e ’I
 —— ’
High price- Luxury &
value ratio Premium
AYRE HOTEL GRAN VIA
BARCELONA
ez
CATALONIA BARCELONA P
Business
orientation N

Figure 12. Perceptual map of the client hotel and its three main competitors
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The second part of performance evaluation employs sentiment analysis and topic modelling. Based on
the given sentiment data of the client hotel, the yearly aggregate strength of reviews can be calculated by
summing up the aggregate strength of positive and negative reviews per year (Figure 13).

sum of positive sentiment strength sum of negative sentiment strength aggregate strength of posi/nega review
positive review 466 -200 266
2015 negative review 220 -269 -49
positive review 1359 -602 757
2016 negative review 747 -877 -130
positive review 482 -226 256
2017 negative review 254 -288 -34
ag g aggreg g number of reviews
2015 1.192 217 182
2016 1.142 627 549
2017 1110 222 200

Figure 13. Sentiment strength analysis
The client hotel’s performance can be evaluated by the changes in average sentiment strength over the

past three years. Figure 14 shows a decline in the hotel’s average sentiment strength from 2015 to 2017,
indicating that the customers’ affection for the client hotel as reflected in reviews is waning.

average sentiment strength from 2015-2017

Figure 14. Average sentiment strength from 2015 to 2017

In this case, the client hotel should be more cautious about their offerings and deal with the
dissatisfaction of customers as indicated in their reviews. By visualizing both, positive and negative reviews
from topic modelling, word clouds are generated to show the prominent topics among customers. In terms
of negative reviews, the most discussed topics among customers are room, bathroom, bar, breakfast, staff,
reception, etc., whereas in terms of positive reviews, guests tend to praise the staff, location, and view of
the client hotel (Figure 15 and Figure 16).
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Figure 15. Visualization of positive reviews on the client hotel via topic modelling
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Figure 16. Visualization of negative reviews on the client hotel via topic modelling

4. Recommendations
4.1. Develop varying strategies for different segments
Firstly, based on customer understanding, it is clear that the target audiences of the client hotel are mainly
business people, followed by couples and families. According to strategic positioning analysis, there are
blue oceans for the client hotel to explore, namely solo travelers. This market segment is anticipated to have
significant business prospects. According to a survey by Klook in 2019 1), 76% of the 21,000 people polled
globally disclosed that they have traveled alone or are contemplating it. Furthermore, the data obtained
from Google Trends have revealed that the number of people traveling alone has grown by 761.15% and
many people are continuously seeking for solo travel opportunities. Therefore, the client hotel can consider
developing this promising market for business expansion. Accordingly, different strategies for different
target audiences are formulated.

On the tactical level, the client hotel can launch an integrated marketing campaign. This is a form of
communication strategy that combines multiple channels to assure the consistency of messages delivered
to the target audiences [*!. For instance, the message that the client hotel can impart is as follows: “We are

120 Volume 5; Issue 5



a hotel that welcomes all groups of people, and anyone may make themselves at home here, regardless of
who they are.” This message can possibly resonate with potential consumers from the four expected target
audiences, thus making them feel welcomed. Moreover, as shown in the visualization of positive reviews,
the hotel’s location and view are among the most highly discussed topics. More specifically, they are the
competitive advantages that should be emphasized in communications. This integrated marketing
communications (IMC) campaign can highlight that fact that the hotel is a center-located hotel with
spectacular views that is ideal for business trips, romantic dates, family holidays, or personal getaways.

After deciding on the planned message, it is necessary to DO and CONFIRM, as asserted by Cai and
Hobson [9] in their integrated branding approach. This is a strategy that companies can employ to stand out
in competition and develop long-term sustainable competitiveness (Figure 17).

Planned message

Say

,\;‘ and \dum,l
Target(s)
I"l and un\\\'

Confirm Do
Product, service,
price, channel
messages

Unplanned
message

Figure 17. Concept of brand message integrity

Sequentially, in the DO and CONFIRM stages, the client hotel should follow the practical steps in
Figure 18. Companies are expected to fulfill the promises in their planned message during the DO stage.
In the CONFIRM stage, they should be able to manage the unplanned messages, including the word-of-
mouth of guests and the reports about the hotel by the media, in order to enhance the planned brand image
and ensure message integrity.

Notably, solo travelers are the segment that receives a generally higher level of education, with more
than 80% of them having a university education or above (Figure 19). They have high regard for self-
improvement and their interests in addition to meeting like-minded individuals (Figure 20). Therefore, to
attract these group of people, special offerings related to self-development and quality social activities
might be effective.

Although the aforementioned strategic positioning refreshment and tactical practices may help the
client hotel expand into new markets and enlarge its market share, there are potential challenges to
contemplate on. For example, if the positioning refreshment exercise is poorly executed, it might result in
confusing positioning, and there would be a jumble of conflicting messages and perceptions in the target
markets !9, On the flip side, good practice may yield substantial returns and largely leverage company
capabilities. Pink Lemonade, for example, has transitioned from a creative agency to an IMC service
provider, which turns out to be a huge success in scaling up, given the growing number of client brands and
advertising awards [!!]
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core
audience

Maintain

TAs are business
people on international
business trip frequently

Our Expected Target
Audience

halo
audience 1

Enlarge

TAs are families wishing
to spend holidays together

halo
audience 2

halo
audience 3

Explore

TAs are young couples
looking for a romantic
place for dating

Develop

TAs are high-income
travellers who are

expecting a "ME TIME” trip
to run away from the hustle

and bustle and get

energetic
SAY We are the perfectly centre-located hotel with spectacular views that is ideal for business trips, romantic
datings, family holidays or personal getaways, creating moments away from the hustle and bustle.
+ Maintain and refurbish the - Organize all kinds of family - Organize activities for - Organize activities for solo
facilities in 11 meeting activities (handicraft couples to stay together traveler for self-
rooms regularly seminars, family boating (couple boating etc.) improvement (interest
» Business-oriented rooms etc.) * couples-oriented rooms development, profession-
« SPA and Bar services for » Family-oriented rooms with with romantic decorations related seminars, parties to
business people to vibe out tiny beds for children and » Special services for dating meet new people)
Do after work babies (flowers reservation,
+ Public Relation Communication Strategy: show concerns about affairs in communities of solo travelers and give support (eg.
In favour of women solo travelers to show women power); sponsor sports events popular among business people; donate
money to poor families; invite famous couples (Justin Bieber and Hailey Bieber) to endorse the hotel
con | I Manage online reviews and customers’ word-of-mouth: compensate for bad experiences, respond to reviewers as possible,
FIRM encourage customers to be referrers by offering surprise gifts or discounts
+ Manage media & public relations: promote positive image, respond and deal with brand issues as soon as possible

Figure 18. Strategic direction and practical steps to follow

What is your level of education

Other ' High
5.39% . ' school or
equivalent
9.07%

Post- g
r:duate collfer;?:is ‘tyr:er
egree or diploma

3494% 49.60%

Figure 19. Education background of solo travelers
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Why do you travel solo?
I want to‘see more of the worldLand
| dOR T want to wait for others
| want to do what | want when | want
| have differenhan my friends
| like theffeeling of independence.
It grows self-confidence. 27.69%
| want to[meet like-minded solo travelers] 19.89%
My partner is unable to travel with me
or has different travel interests 12.65%

| have never traveled solo. [leAL:

58.99%
45.39%

Figure 20. Reasons why travelers choose to travel alone

4.2. Improve the quality of offerings and provide personalized services

As can be seen in the word cloud for negative reviews, issues pertaining to rooms, bathrooms, breakfast,
bar, staff, and reception are often raised by customers. Having delved into these, the causes of such negative
reviews have been found to be associated with tangible offerings (physical environment) and intangible
offerings (staff services) (Figure 21).

Hence, the client hotel should address the two issues accordingly. For tangible offerings, many
reviewers have reported that the environment in the rooms and bathrooms is unpleasant due to the lack of
housekeeping. Besides that, the facilities provided are not satisfactory; for example, some mirrors in the
bathrooms are broken, and there are instances where taps are missing. Moreover, limited options, “uncozy”
environment, and average food quality are all perceived as unfavorable aspects of breakfast. A considerable
number of guests have also complained that the bar’s menu is overpriced. In a nutshell, the client hotel must
improve its environment and refurbish its facilities as a whole as well as make minor modifications to its
breakfast and bar offerings.

In terms of intangible services, the quality of the staff requires further improvement. Based on the
dimensions for evaluating service quality (Figure 22) by Parasuraman et al. ['?!, the services provide by the
client hotel’s staff lack responsiveness, empathy, reliability, and assurance.

1

1Room: The room had not
tbeen cleaned properly for some
Ytime There was dust on the
yWooden floor on the bedside

Lack of responsiveness: Very
slow receptionist easily
distracted from what she was

glamps and the TV Alerted doing
1 Tangible 4 Lack of empathy: Ignored twice
(Physical Dissatisfaction Intangible at reception

:Bathroom: Broken mirror in
1the Bathroom a lot of broken
atiles in the bathroom not good
Yenough cleaning the tap was
,missing hot and Cold

environment) (Staff services)

« Some staffs at reception never
smiled

« Staff rude slow and unhelpful

lack of reliability and
assurance: fired my luggage
at the reception for
safekeeping which had
disappeared

1
1Breakfast: Breakfastin a
:huge hall Cheap and average

1

1Bar: Drink prices at the roof
1top pool bar are a tad
Yoverpriced

Negative
reviews online

- o E O E O S N B M B W N SN E N

sm---

A EEEEEEEEEEEEE
EE s s s s sEssEsEEEE

Figure 21. Causes of customer dissatisfaction with the client hotel
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Tangibles

~
W

Service Quality
Dimensions

Figure 22. Five dimensions to evaluate service quality

Although this is true, there are different opinions, especially in relation to the “services” provided by
the staff. As seen in the positive reviews, many reviewers do appreciate the “services” provided by the
hotel’s staff (Figure 23).
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Figure 23. Another visualization of positive reviews on the client hotel via topic modelling

This inconsistency is probably due to a disparity in service quality across the staff, and thus the client
hotel should consider providing standardized training to every staff in order to enhance its overall
performance. Last but not least, different consumers hold varying standards towards hotels, Thus implying
that in order to mitigate negative reviews effectively, the client hotel should design personalized offerings.
In practice, by engaging with the customers before their check-in to gauge their expectations during their
stay would benefit in meeting customer touchpoints and reducing unnecessary disappointments like the one
shown in Figure 24.

“we asked if we could do breakfast on terrace on Sunday 1 11 15 but was told it
was not enough notice we was disappointed as it was my wife's 50th birthday
so i wanted to surprise her”

Figure 24. A quote from the negative reviews on the client hotel
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If the client hotel had known the customer’s expectation in advance, this review could have been
avoided. Figure 25 depicts a service blueprint that the hotel can refer to for improvement. It is a useful tool
for businesses to coordinate complex services by bridging the gap between different employees and
identifying potential problems along the process [!*. In short, the client hotel must not only improve the
overall quality of its offerings, but also design personalized services in order to win its guests’ devotion.

Service blueprint for birthday celebration
BB g S
Proactive a:::i_by calls °’] * | Notify the site and time * * I Mﬁ,ﬁ?ﬁﬁ:ﬁ;ﬁer

’
*

: Record and inform :
' related staff ]
.

-
---------
_________
-----------

.---

x A ] -

P e e S e SR
1 e® L am T ammm==
H’% Amangethesiteand ;. s ame =2 == === """
§ Prepare surprises
STAFF| '

----------

Figure 25. Service blueprint

5. Conclusion

Firstly, the client hotel mainly caters to business people, followed by couples and getaway families. Another
niche market — solo travelers — can be further developed by the client hotel to expand its market share.
Secondly, the client hotel has encountered a slight rise in customer dissatisfaction. Given the analysis of
consumer understanding and performance evaluation, the recommendations of developing varying
strategies towards different segments and offering improvements in directions of greater quality and
personalization should be taken into consideration but conditional on the budget constraints so as to ensure
future success.
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Abstract: Finding the best model to predict the trend of stock prices is an issue that has always garnered attention, and it is
also closely related to investors’ investment dynamics. Even the commonly used autoregressive integrated moving average
(ARIMA), extreme gradient boosting (XGBoost), and long short-term memory (LSTM) have their own advantages and
disadvantages. We use mean squared error (MSE) to judge the most suitable model for predicting Amazon’s stock price from
many aspects and find that LSTM is the model with the best fitting effect and the closest to the real curve. However, the
LSTM model still needs to improve in terms of performance so as to reduce the bias. We anticipate the discovery of more

models that are apt for predicting stocks in the future.
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1. Introduction

Stocks are indeed fascinating. According to Asness, “A stock, also known as equity, is a security that
represents the ownership of a fraction of the issuing corporation .’ The ups and downs of stocks reflect
the operations of the capital market. However, there is a misconception that the stock market is the capital
market. In addition, the rise and fall of the stock market do not equate with the rise and fall of the real
economy. This misunderstanding leads to the idea that the capital market can function better when stocks
rise and real enterprises can receive sufficient support to develop. In fact, the stock market is only a part of
the capital market; that is to say, the role of the stock market cannot be exaggerated or overlooked. Afterall,
it is the most active part of the capital market. The economic dynamism of the market is boosted when the
most dynamic forces come into play. The sharp rise in the stock market proves that the status of the capital
market in the financial market is constantly rising.

Besides, the stock market is in a constant change on a daily basis, and the ups and downs of stocks
affect the investors. The answer to which why people choose to invest in stocks is as follows: “Stocks offer
investors the greatest potential for growth (capital appreciation) over the long haul 1> It is precisely
because of the high rate of return that investors increase their investment in stocks. There are different
benefits when investing in different stocks, and different investment groups have different definitions of
stock returns. Only by being careful in each step of the investment can the investor expect a high return.

Analytically speaking, Amazon’s distinct position in the international market is quite representative.
The ever-increasing penetration rate of the internet has resulted in an ever-increasing demand for e-
commerce. As an early developing e-commerce company, Amazon occupies a dominant position in the
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global e-commerce market. Amazon has achieved a monopoly in the industry, and it is often the choice of
companies that wish to publish and sell products online. Amazon has received many positive and negative
reviews. Some people think that Amazon is a great place to shop online; it has everything one could possibly
need; the price is reasonable, and there is quality to the items sold; Amazon is the perfect place to shop
online! However, some people think that Amazon has poor ethics in the sense that the goods received do
not conform to the advertised ones. The different experiences of shoppers and the comments made on public
platforms can affect a company’s image, which in turn affects the company’s stock.

We first use the most non-complex Fourier transform and average autoregression to observe the basic
information of Amazon’s stock, followed by autoregressive integrated moving average (ARIMA), extreme
gradient boosting (XGBoost), and long short-term memory (LSTM) to estimate the stock. The objective is
to determine the best model for predicting Amazon’s stock price. We discuss our point of view in two parts:
the first part is a review of literature, in which we find the best model by reviewing some relevant
information and looking for models that study the stock market for comparison; the second part focuses on
describing the experimental results through continuous analysis and comparison of data, concluding and
indicating the expectations of the future stock market.

2. Literature review

In order to find the most suitable model to predict Amazon’s stock price, we use moving average (MA) and
Fourier transform to observe, followed by ARIMA, LSTM, and XGBoost to predict. In 1998, Ho and Xie
31 studied the approach to repairable system reliability forecasting based on ARIMA. They concluded that
the ARIMA model is an alternative that provides satisfactory results for forecasting. In 2019, there was a
global outbreak of the coronavirus (COVID-19); Benvenuto et al. ! used a simple econometric model —
ARIMA - to forecast the spread of COVID-19 and the trend of COVID-19’s incidence and prevalence.
Zhang ) proposed an approach that combined both ARIMA and artificial neural network (ANN) models
to improve data accuracy, taking advantage of the unique strength of ARIMA and ANN models in linear
and nonlinear modeling. Contreras [*) used ARIMA to predict the next-day electricity prices for maximum
benefits. Ariyo ") presented the extensive process of the stock price predictive model by using the ARIMA
model to analyze the New York Stock Exchange (NYSE) and Nigeria Stock Exchange (NSE); the results
showed that the ARIMA model has a strong potential for short-term forecast. Smagulova '8 investigated
an emerging topic that uses a memristor circuit to achieve the hardware acceleration of LSTM because
LSTM is a recurrent neural network with a state memory and multilayer cell structure. Gers ! focused on
LSTM because it has a shorter time lag than RNNs on tasks, making it an accurate measurement or
generation of time intervals. Graves ' studied the TIMIT speech corpus with bidirectional and
unidirectional LSTM networks and found that LSTM outperforms RNNs. Chen !'!! forecasted China’s stock
returns using the LSTM model, improving its accuracy from 14.3% to 27.2%, and reflecting the potential
of the LSTM model for stock price prediction. Fu [!2l used the LSTM and gated recurrent units (GRU)
neural network (NN) method to forecast real-time traffic flow and control traffic. As for the XGBoost model,
Liao [ constructed a dynamic weighting multi-factor stock selection strategy established on the XGBoost
model. He used the XGboost machine learning method to forecast the information coefficient (IC) of
components, revealing that the XGBoost model is useful for IC coefficient prediction. Basak "*! used two
algorithms, random forests and gradient boosted decision trees, to facilitate the connection of the
concerning — whether the stock price will change with respect to the existing price n days earlier. Kumar
[15] ysed data from Yahoo Finance and several algorithms based on seasonal (S)ARIMA and XGBoost to
estimate the value. Gumelar ' experimented with about 25 companies to forecast the closing price by
using two highly accurate analyses, LSTM and XGBoost, and found that XGBoost has a 99% prediction
accuracy. In this study, we use Fourier transform and MA to observe the basic information of Amazon,
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followed by ARIMA, LSTM, and XGBoost to estimate the stock price, aiming to determine the most
suitable model for predicting Amazon’s stock price.

3. Method

3.1. Autoregressive integrated moving average

The ARIMA model was introduced by Box and Jenkins in 1970 ). It is one of the most popular methods
used for prediction. Also known as the Box-Jenkins method, the ARIMA model consists of a set of activities
for identifying, estimating, and diagnosing ARIMA models using time series data. The ARIMA model has
shown to be effective for accurate short-term prediction. Its performance in short-term prediction
outperforms complex structural models. In the ARIMA model, the value of a variable in the future is a
linear combination of past values and past errors, expressed as follows:

Yi=¢o+ P1Yeoa + Ve o+ -+ PpYip+ & — 0161 — 0605 — - — 0464 (1)

where Y; is the actual value and &; is the random error at ¢; ¢; and 6; are the coefficients, while p
and g are integers that are often referred to as autoregressive and moving average, respectively.

3.2. Long short-term memory

At time t, x; is the input data of the LSTM cell, h;_4 is the output of the LSTM cell at the previous
moment, ¢, is the value of the memory cell, and h; is the output of the LSTM cell. The calculation process
of the LSTM unit can be divided into several steps 7],

(1) First, calculate the value of the candidate memory cell ¢;; W, is the weight matrix, and b, is the bias.

¢ = tanh(W - [hy_y, x¢] + b.) (2)

(2) Calculate the value of the input gate i;; the input gate controls the update of the current input data to the
state value of the memory cell, o is the sigmoid function, W; is the weight matrix, and b; is the bias.

ir=0a(W;- [ht—l,xt] + b; (3)

(3) Calculate the value of the forget gate f;; the forget gate controls the update of the historical data to the
state value of the memory cell, W is the weight matrix, and by is the bias.

fe = U(Wf [he—1,xe] + bf) 4)
(4) Calculate the value of the current moment memory cell ¢;; c¢;_; is the state value of the last LSTM unit.
Ct =fe*C1Hig*Cy (5)
where * represents the dot product. The update of memory cell depends on the state value of the last
cell and the candidate cell, and it is controlled by the input gate and forget gate.
(5) Calculate the value of the output gate o;; the output gate controls the output of the state value of the

memory cell, W, is the weight matrix, and b,, is the bias.

op = oW, [heq, x¢] + by) (6)
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(6) Finally, calculate the output of the LSTM unit h;.
h; = o * tanh ¢, (7)

Benefitting from the three control gates and memory cell, LSTM store, read, reset, and update long time
information easily. It is important to note that the dimensions of the output can be controlled by setting the
dimensions of the weight matrix due to the sharing mechanism of the LSTM internal parameters. LSTM
establishes a long time-delay between input and feedback. The gradient will neither explode nor disappear
because the internal state of the memory cell in this architecture maintains a continuous error flow 18],

3.3. Extreme gradient boosting
The XGBoost algorithm is based on gradient boosting decision tree (GBDT) '?). Compared with GBDT,
the advantage of XGBoost is that it supports linear classifiers and performs Taylor expansion for the cost
function by introducing a second derivative to ensure more accurate results. There principles of XGBoost
are discussed below.

The XGBoost model uses additive training method to optimize the objective function, which means
the optimization process of the latter step relies on the result of its previous step. The t-th objective function
of the model can be expressed as follows:

obj® = Y1 1 (yl,yl 14 ft(xl)) + Q(f;) + constant (8)

where [ represents the loss term of the t-th round, constant represents a constant term, and (0 is the
regularization term of the model, shown as follows:

QOf) =Y T+ 45 Z, W ©)

where both Y and A are customization parameters. Generally, the larger these two values are, the simpler
the structure of the tree is, and the overfitting problem can be solved effectively. Performing a second-order
Taylor expansion on (8), the process is given by

obj® =S [10, 9571 + gifiGx) + 2 hif2 ()] + Q(f,) + constant (10)

where g is the first derivative, and h is the second derivative. They can be described as follows:
g1 = 051l 95 (11)
h; = aAt Loy (12)

Substitute (9), (11), and (12) into (10), and take the derivative. Then, solutions can be obtained from (13)
and (14) as follows:

* Zgi
W] - _Zhi‘l'ﬂ— (13)

. 1 Z i2
obj" = —3 §=1%+y-7 (14)
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where obj* represents the score of loss function; the smaller the score, the better the structure of the tree.
w; refers to the solution of weights.

4. Experiment and analysis

With the goal of finding the best model for predicting Amazon’s stock price, MA and Fourier transform
were first applied to observe the basic information of Amazon.

We extracted yearly historical Amazon stock price from 2010 to 2019 from Yahoo Finance, including
its open price, high price, low price, closing price, etc. Then, we selected its closing price and drew a broken
line chart to observe its rising and falling trends. In Figure 1, we can see that the closing price of Amazon’s
stock remained at about 250 USD and gradually rose with small fluctuations from 2010 to 2013. Amazon’s
“online retail” has achieved success at that time, and its profit growth and valuation have continued to
improve since then. Since 2014, its closing price has seen a rapid increase, reaching nearly 1,000 USD in
2018, but with significant fluctuations. In less than a year from 2018, the closing price of Amazon’s stock
jumped from less than 1,000 USD to about 2,000 USD; it then fell sharply to about 1,500 USD in 2019
after reaching a peak. Amazon is the largest online e-commerce company in the United States. With the
increase in demand for online shopping in the United States and the good e-commerce shopping experience
provided by Amazon, the development of its e-commerce scale still maintains a relatively high growth.
Additionally, its business scale continues to expand; this is one of the main reasons for the rise of its stock
price. Taking April 20, 2016, as the boundary, the data is divided into two subsets: training and test datasets
(Figure 1).

20004 —— Amazon stock
- =~ Train/Test data cut-off

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Date

Figure 1. Amazon’s stock price

MA7, MA21, Closing Price, Upper Band, and Lower Band are used as technical indicators for stock
forecasting from 1850 to 2250, as shown in Figure 2. We set two moving averages with different
calculation days, 7 days and 21 days, to understand the overall operating trend of the stock price from
different periods. From Figure 2, we can see that the trend of MA7 and MA21 is consistent with the Closing
Price, staggered with it many times, and fluctuates between the Upper Band and Lower Band. From 1970
to around 2200, the Closing Price, MA7, and MA21 increased significantly, but decreased after reaching a
peak in 2200.
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Figure 2. Technical indicators for Amazon — last 400 days

Using momentum and moving average convergence/divergence (MACD), we measured the rate of
change of Amazon’s stock price during this period and reflected it directly in Figure 3. Two green
horizontal dotted lines are marked in Figure 3 at positions 15 and -15. It can be seen that the trend of
Momentum is stable, fluctuating up and down around the green horizontal dotted line at 15. Momentum
can be seen to be slightly lower than the green horizontal dotted line at 15 between 1850-2050. It then
overlaps with the green horizontal dotted line at 15 between 2050. After 2110, Momentum can be seen to
be slightly above the green horizontal dotted line at 15 before overlapping the line again around 2210. It
can be seen that MACD (green dash-dotted line) fluctuates greatly between the green horizontal dotted line
at 15 and -15 in 1850-1970, with a relatively stable trend. The majority of MACD are above the green
horizontal dotted line at 15 in 1970-2200, resulting in several rises with large fluctuations, but there is a
lower trend from 2200-2260.

—-= MACD

60 - /M~
— Momentum

1850 1900 1950 2000 2050 2100 2150 2200 2250

Figure 3. MACD

Historical stock price is a large number of noisy data. Stock price changes on a daily basis, and not
every indicator can be used to predict the stock market. Therefore, we use Fourier transform to remove the
noise in the original data. In order to see the denoising effect from an intuitive perspective, we collected
2,000 days of Amazon’s daily closing price data, as shown by the purple curve in Figure 4.

We then use Fourier transform with 3, 6, 9, and 100 components and compare the curve with the real
price, as shown in Figure 4. With the increase of components, we can see that the curve, after noise filtering,
1s more consistent with the real data trend, such as the Fourier transform with 100 components represented

by the red curve.
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Figure 4. Amazon’s (closing) stock price and Fourier transforms

In the experiment, we use three prediction methods: ARIMA, XGBoost, and LSTM. By comparing the
MSE obtained, we can judge the accuracy of the model in predicting Amazon’s stock price.

We match ARIMA to the entire dataset and check the residuals. Built in Panda, according to its
autocorrelation diagram, as shown in Figure 5, we can see a positive correlation with the first 500-700 lags
and a negative correlation with the first 700-2000 lags. Therefore, a good starting point for the model
parameter AR can be 5. Here, ARIMA(5,1,0) model is applied. This sets the lag value to 5 for AR, utilizes
a difference order of 1 to make the time series stationary, and uses a MA model of 0. When fitting the
model, it provides a lot of debugging information about the fitting of the linear regression model. Turn it
off by setting the DISP parameter to 0.

Briefly, we fit the ARIMAC(S, 1, 0) model, with conditional sum-of-squares (CSS) as the fitting method,
and Akaike information criterion (AIC) and Bayesian information criterion (BIC) as the model parameters.

Fourier transform with 3 components
Fourier transform with 6 components
Fourier transform with 9 components
Fourier transform with 100 components
Real

2000 A

KRod

1500 1

1000 4

0 500 1000 1500 2000
Days

Figure 5. Autocorrelation of Amazon’s closing stock price
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The algorithm forecasts the expected value (yhat), adds yhat to the prediction data structure, and then
adds the actual value to the test set for model refining and re-fitting. Eventually, having built the prediction
and history data structures, the final output test MSE value is 557.865. Compared with the actual price, the
predicted line chart of Amazon’s stock price is drawn, as shown in Figure 6. We can see that the predicted
value of the model is close to the actual value, and the model fitting effect is good.

— Real

20001 __ predicted

1800 A

1600 -

1400 A

usD

1200 4

1000 A

800 A

600 -

0 100 200 300 400 500 600 700 800
Days
Figure 6. ARIMA model on Amazon’s stock

In order to evaluate the model performance accurately, the data is divided into a training set and a
validation set. By calculating the training set and the validation set, the data respective are obtained. The
XGBoost parameters are as follows: gamma = 0.0, n_estimators = 200, base_score = (.7, colsample bytree
=1, and learning _ rate = 0.05. We then obtain the root mean squared error (RMSE) of the training set and
validation set, respectively. With the increasing number of iterations, the RMSE of the training set gradually
approaches 0, while the RMSE of the validation set gradually approaches 600.

We applied a stacked LSTM model. The loss of the model training process (on the training set) is
continuously optimized as the training process advances. The initial optimization and loss decrease rapidly,
and then gradually stabilize. From the running results of the code, the MSE of the training set reduced to
0.0524, while that of the verification set reduced to 0.0514, as shown in Table 1.

Table 1. MSE in LSTM model

Epochs MSE training/validation
10 0.0614 /0.0598
30 0.0591 /0.0586
60 0.0569 / 0.0560
80 0.0546 /0.0533
97 0.0524/0.0523
99 0.0529/0.0514
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By observing the MSE, we can see the performance of the LSTM model. Compared with the training
set, the effect on the test set is slightly biased, but the overall trend is still well predicted.

Three prediction methods are used in total, and the MSE obtained is summarized in Table 2. It is
evident that MSE is much smaller than ARIMA and XGBoost when the LSTM model is used to predict
Amazon’s stock price. It is clear that the LSTM model has obvious advantages in meeting our demand for
forecasting Amazon’s stock price.

Table 2. MSE of three models

Model MSE
ARIMA 557.865
XGBoost 360,000

LSTM 0.0514

5. Conclusion
By looking at Amazon’s stock using a simple data model and comparing the three models, the following
conclusions can be drawn.

First of all, the stock trends and closing price curves of MA7 and MA21 learned in two-calculation
days are basically the same. Secondly, using the stock change rate observed by Momentum and MACD, it
is found that Momentum tends to be stable but MACD has several large fluctuations. Third, after denoising
with Fourier transform, with the increase of components, the denoised curve is more consistent with the
curve of the real data. By comparing the three models — ARIMA, XGBoost, and LSTM — the MSE is
obtained to judge the stock price accuracy. The final comparison shows that LSTM is the best model for
predicting Amazon’s stock price. In order to evaluate the MSE model performance, we split the data into a
training set and a validation set. When using the LSTM model to predict Amazon’s stock price, MSE is
much smaller than ARIMA and XGBoost.

When looking at the performance of the LSTM model, although the impact on the test set is slightly
skewed compared to the training set, the overall trend is still very predictable. In the future, this model can
be further studied, which would be a good research direction for predicting stock prices and understanding
the stock market.
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Abstract: The financial market is the core of national economic development, and stocks play an important role in the
financial market. Analyzing stock prices has become the focus of investors, analysts, and people in related fields. This paper
evaluates the volatility of Apple Inc. (AAPL) returns using five generalized autoregressive conditional heteroskedasticity
(GARCH) models: sGARCH with constant mean, GARCH with sstd, GIR-GARCH, AR(1) GJR-GARCH, and GJR-GARCH
in mean. The distribution of AAPL’s closing price and earnings data was analyzed, and skewed student t-distribution (sstd)
and normal distribution (norm) were used to further compare the data distribution of the five models and capture the shape,
skewness, and loglikelihood in Model 4 — AR(1) GJR-GARCH. Through further analysis, the results showed that Model 4,
AR(1) GJR-GARCH, is the optimal model to describe the volatility of the return series of AAPL. The analysis of the research
process is both, a process of exploration and reflection. By analyzing the stock price of AAPL, we reflect on the shortcomings

of previous analysis methods, clarify the purpose of the experiment, and identify the optimal analysis model.
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1. Introduction

The stock market plays an important role in finance. In recent years, the rapid development of the stock
market has concerned everyone related. It is imperative for investors and analysts to pay attention to the
stock market because the fluctuation of stock prices directly affect income. In addition, the stock market
also improves the flow of funds, helps solve financing problems, and provides more convenience for
investors. Demirguc-Kunt and Levine emphasized that the international integrated stock market can
disperse risks and promote economic growth [l The financial market of every country has a close
relationship with the financial system of the United States. Taking Apple Inc., a large and successful modern
company, as an example, the stock price changes of Apple Inc. reflect the development of the company and
its partner companies. Investors and market participants will always pay attention to the stock fluctuations
of Apple Inc., and the investment results are closely related to the stock market changes. Since the volatility
of the stock is unclear, it is necessary to use relevant data analysis technology to calculate and analyze its
model to present intuitive and understandable data to its investors and market participants. Therefore, it is
necessary to apply statistics, modeling, and other technologies to it.
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This paper comprises five sections. The first section is the introduction, which includes the background
and reasons for the research. The second section is a literature review, where we discuss the contributions
made by scientists in the past to our research field and the shortcomings in the analysis of stock price data
in recent years. The third section describes our research methods. The fourth section is a detailed analysis
and discussion of the experimental results. The last section concludes the paper. We were able to achieve
the aim of the experiment and reach a deeper conclusion.

2. Literature review

Apple Inc. has been regarded as the most innovative technology company in the world over the past three
decades 2!, In 2007, the stock price of Apple Inc. reached 200 dollars 1. As of June 2015, Apple Inc. had
been the largest listed company by market capitalization. In the past, many scholars have made many
contributions to predicting stock prices. Mohan and Mullapudi studied deep learning models by gathering
large sets of time series data and analyzing them to improve the accuracy of stock prices . In order to
obtain a better result on forecasting, Jeong took Apple’s stack as a sample by using autoregressive integrated
moving average (ARIMA) and seasonal autoregressive integrated moving average with exogenous
regressors (SARIMAX) models ). Kim and Jun used a method that compared different time series models
to determine the best time series model for predicting Apple’s stock, and they concluded that the most
appropriate one is IN-ARCH 91, Silvennoinen and Terisvirta also used a similar method; when surveying
the MARCH, they made different generalized autoregressive conditional heteroskedasticity (GARCH)
models that fit the same data and compared the result !, Ding and Zhang studied using Open Information
Extraction (Open IE) techniques to withdraw the structured events from online data [*],

Recently, many scholars have taken an interest in GARCH comparison field study. Sharma et al.
investigated five major emerging countries’ volatility of financial markets by using univariate volatility
models covering GARCH 1, 1, Exponential Generalized Autoregressive Conditional Heteroscedasticity (E-
GARCH 1, 1) and Threshold Generalized Autoregressive Conditional Heteroscedasticity (T-GARCH-1, 1)
models; they found that GARCH (1, 1) model is superior to nonlinear GARCH models on predicting
volatility !, The study filled the gap on the choice of forecasting market volatility by linear versus nonlinear
models. Ampountolas evaluated various traditional time series forecasting performance models for daily
hotel demand at multiple horizons, achieved a stable forecast by comparing the different time series models,
and eventually chose a suitable one to predict the daily hotel demand [, Faldzinski et al. took the
forecasting performance of GARCH-type models and support vector regression (SVR) for futures contracts
of selected energy commodities into comparison and found that SVR has a lower forecast error ['!l. Several
researchers modelled cryptocurrencies volatility by using GARCH models and carried out a comparison
based on normal and student’s t-error distribution 2], The study not only identified the high volatility of
cryptocurrency price volatility, but also obtained a better GARCH fitting model using an efficient
measurement error distribution technique. Lee and Lee considered score vector and residual as the basis of
cumulative sum (CUSUM) tests; they compared their performance and found that the standardized residual-
based CUSUM is generally better than the other tests [*]. Their study is of great importance in internal risk
modeling and regulatory oversight; it even strengthens the confidence in global precious metal investments.
Even with the numerous achievements presented by previous researchers, there are still existing gaps. This
study aimed to identify the most appropriate models among the time series models that can forecast
volatility. Hence, we used the data of Apple Inc. for design comparison of GJRGARCH and sGARCH
models.
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3. Method
3.1. GJR-GARCH
Letting 60 = 2 yields the Glosten-Jagannathan-Runkle GARCH (GJRGARCH) model, which attempts to
address volatility clustering in the innovation process.
Whend=2and 0<yi<]1,

of = w+zal(|£t il = Yige-i)? +ZB]0t j (1)

p q
= w+ Z o (|ee—il® + vifeemi® — 2vileilec) + Z Bjor; )
- =
( p
(*)+Zai2(1+Yi)2£t 1+ZB]Gt p€-i <0
Ot P (3)
w +Zai2(1 _Yi)zat 1+ZB]Gt jr €t—i >0
K i=1
ot =w+ Xl (1 -yl + X0, o {(1+vD? — (1 —vi)?ISi et
d “4)
+Z Bjor;
j=1
p
G% = 0~)+Zai(1_Yi)28t 1+2810t j +Z4Q1Y1S st i (5)
i=1

where

g — {1 ifEt_i <0
700 ifEt_i >0

Also, define
of = a;(1—vyp)?andy; = 4a;y; (6)

then,

O(t =w +Za1(1 YI)ZEt 1+ZB]Gt —j +ZYIS 8t—i )

This is the GIR-GARCH model ['4],
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However, when -1< y; < 0, then recall equation (1).

P q
of = w+ Z o (leeil = viee))?* + Z Bjog—j (®)
i=1 j=1
( P q
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i 5 ®
w+ Z 0(12(1 + Yi)ZEE_i + z B]GE_] ) i < 0
\ i=1 j=1
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S+ _ {1if£t—i >0
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then,

p q P
a% = (D-]—Z(X;kstz_l-FZB]O'%_] +Zy;k Srsg_i (12)
i=1 j=1 i=1

This allows positive shocks to have a stronger effect on volatility than negative shocks ['*. However,
when p = q =1, the GIGARCH(1,1) model will be written as follows:

oa? = w + ag? + yS;el_; + Boi_, (13)

3.2. sGARCH
Standard Generalized AutoRegressive Conditional Heteroskedasticity (sSGARCH) has a moving average
(MA) part and an autoregressive (AR) part, which are mergers by GARCH, an extension of the ARCH
model.

Define the GARCH (p,q) model as follows:

Xt=0't€t ( 14)
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ol =w+ Z ox2, + z Bjot-; (15)
i=1 =1

where @ > 0, ajso, Bj > 0, Zf’zl Q +Z]9=1 Bj < 1.€ is a separate but identical sequence. For ease of
processing, the order of all GARCH models used will be limited to one.
The standard GARCH model %!, represented as sGARCH(1,1), is given as follows:

G% =w+ aiEE—l + 6105—1 (16)

4. Empirical analysis
Figure 1 shows the closing price of Apple Inc. (AAPL) from January 2, 2008, to April 11, 2022. The
fluctuations of the closing price and the turnover volume are clearly indicated in Figure 1. The closing
price of AAPL showed an upward trend and tended to 165.75, fluctuating up and down. From 2008 to 2018,
the closing price showed a relatively low value and a steady upward trend. In 2012, due to some factors,
the closing price fell following a rise. From 2014 to the beginning of 2016, it still showed an upward trend,
but after that, it began to fluctuate. There was an overall upward trend until 2018. In 2018, it began to rise
rapidly, reaching nearly 170, and finally tending to 165.75. From 2020 to 2021, the closing price fluctuated
significantly due to the impact of the COVID-19 pandemic, but it still showed an overall upward trend.
The trading volume of Apple Inc. is shown at the bottom of the figure. The trading volume in 2008
was high, but since 2016, the trading volume has been very low, from the initial 3,000 to several hundred(s).
With the change in the stock’s closing price, the trading volume also changes. Therefore, the trading volume
showed a downward trend.

Last 165.75

Figure 1. Closing price of Apple Inc. (AAPL)

Figure 2A shows AAPL’s histogram of return, while Figure 2B shows AAPL.Close of Returns from
January 2, 2008, to April 11, 2022. As can be seen from Figure 2A, the frequency decreases from 0.00 to
positive and negative, respectively; the maximum positive return frequency and maximum negative return
frequency can reach up to 1,500 and 1,000, respectively. The positive returns were greater than the negative
returns, indicating that the company is profitable and ideal.
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Figure 2B shows the curve of distribution density, the changing trend of the data set, and the normal
distribution curve. As can be seen from Figure 2B, the highest values of the blue bar chart and the green
curve appear on the right side of the 0.00 returns, which again suggest that AAPL is profitable. The red
curve is a normal distribution curve. Compared with the red curve, the green curve is more consistent with
the density of the data set distribution and is also approximately symmetrical.
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Figure 2. Histogram of return and AAPL close

Figure 3 shows the frequency range of return fluctuation around 0.00 from January 2, 2008, to April
11, 2022. Based on Figure 3, there was a maximum fluctuation in 2008, with a fluctuation range of nearly
0.3. The reason for that was the financial crisis, which brought a huge impact not only on the world economy,
but also on Apple Inc. After that, the income fluctuation saw a gradual decrease, in which the fluctuation
range was around 0.15. Until the middle of 2012, due to the influence of some factors, the fluctuation range
slightly increased to 0.2, then gradually decreased and fluctuated in a small range. In 2020, the frequency
of income fluctuation increased again. Although the range of fluctuation was small compared with that of
2008, it was the largest one in recent years. Affected by COVID-19, the world economy has been in turmoil
and recession, ensuing a great fluctuation in the company’s return frequency. Until 2022, Apple Inc.’s
earnings fluctuated slightly, but the last was -0.0255.

Last -0.0255158804283823

Figure 3. Returns of AAPL
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Figure 4 shows Apple Inc.’s yearly rolling volatility from January 2, 2008, to April 11, 2022. It reflects
the average fluctuation degree of AAPL price within one year. As can be seen in Figure 4, the rolling
volatility showed a downward trend since 2008; thereafter, there was a sharp drop below 0.3 in 2009. These
were the result of the financial crisis in 2008, in which the global economy was affected, and international
trade declined. From 2010 to 2013, there was little volatility, and there was an overall upward trend, rising
to above 0.3. However, at the beginning of 2014, the rolling volatility dropped again, and the decline was
smaller than that in 2018, maintaining between 0.2 and 0.3. Until January 2017, the volatility dropped to
0.2, but it subsequently rose to more than 0.2 at the beginning of 2018, reaching more than 0.3 in 2019.
However, the outbreak of the novel coronavirus has brought another great impact on the world economy.
Therefore, as shown in the figure, we can see the significant fluctuations at the end of 2020, ranging from
about 0.45 to 0.25.

Apple's yearly rolling volatility 2008-01-03 / 2022-04-11
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Figure 4. Apple Inc.’s yearly rolling volatility

Table 1 shows the results of the maximum likelihood estimate (MLE) of sGARCH with constant mean,
GARCH with sstd, GJR-GARCH, AR(1) GJR-GARCH, and GJR-GARCH in mean models for Apple
Inc.’s returns. Model 1 uses normal distribution (norm), whereas Models 2, 3, 4, and 5 use skewed student
t-distribution (sstd). From Table 1, the loglikelihood value (9605.649) is the maximum for Model 4 — AR(1)
GJR-GARCH. When the skew is greater than 0, it indicates that the shape of the model distribution is right
biased; when the skew is equal to 0, it indicates a normal distribution. When the shape is greater than 3, it
indicates a spike, but when the shape is equal to 3, it indicates a normal distribution. The shape (5.448357)
1s the maximum and the skew (1.002632) is relatively low for Model 4 — AR(1) GJIR-GARCH. These results
indicate that Model 4, AR(1) GJR-GARCH, is the optimal model to describe the volatility of the return
series of Apple Inc.
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Table 1. Results of the maximum likelihood estimate (MLE) of sGARCH with constant mean, GARCH
with sstd, GJR-GARCH, AR(1) GJR-GARCH, and GJR-GARCH in mean

Model SsGARCH with GARCH with sstd GJR-GARCH AR(1) GJR- GJR-GARCH in
constant mean GARCH mean

® 0.000015%** 0.000008 0.00001 1#** 0.00001 1 *** 0.00001 1 ***

o 0.111926%*** 0.101071%%** 0.034580%** 0.033869*** 0.034613%**

B 0.848943*** 0.882488*** 0.863740%** 0.863450%*** 0.863350%***

v -- -- 0.156976%** 0.158980%*** 0.157047%%*
Skew -- 1.008920 1.002508 1.002632 1.002682
Shape -- 5.018493 5.423806 5.448357 5.425795
Loglikelihood 9425.7 9575.31 9605.39 9605.649 9605.395

Note: *The value of PR is less than 0.1; **the value of PR is less than 0.05; ***the value of PR is less than 0.01

5. Conclusion

We studied the volatility of AAPL’s returns from January 2, 2018 to April 11, 2022. The results of the
statistical properties revealed that the return of AAPL is leptokurtic and rightward. Five different GARCH
type models (sSGARCH with constant mean, GARCH with sstd, GJR-GARCH, AR(1) GJR-GARCH, and
GJR-GARCH in mean) were compared, in which the AR(1) GJR-GARCH model was identified to be the
most appropriate model for estimating the time-varying volatility in AAPL’s returns. To account for the
skewness and shape in AAPL’s returns for the years under study, normal distribution (norm) and skewed
student t-distribution (sstd) were used to capture the loglikelihood in the five GARCH models. The skewed
student t-distribution (sstd) performed better in capturing the shape and skewness in the return series
distribution. Hence, the AR(1) GJR-GARCH model is considered the optimal model for modeling and
estimating the volatility in AAPL’s returns. The results of this study are useful for investors and market
players in investment decision-making and analysis of stock price fluctuations.
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Abstract: The consumer psychology of consumers is constantly changing. Under the abundant material life, the emotional
and personalized needs of consumers for products are highly valued. Winery tourism is a new ecotourism project. Its high-
end and fashionable characteristics do not only meet consumers’ demand for personalized tourism, but also their pursuit for
high-quality and fashionable leisure ways; thus, it has broad development prospects. At present, Qingdao winery tourism has
begun to take shape, but in it faces problems in its development, especially in terms of resource integration and brand
development. Therefore, taking the development of Qingdao winery tourism as an example, this paper puts forward several
development countermeasures and policy objectives as well as provides a scientific analysis basis for the development of
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1. Introduction

In August 2015, the International Wine and Spirits Exhibition (IWES) declared at the International Wine
Expo that the world wine development has officially entered the “Chinese era.” Based on the in-depth
understanding of wine culture, wine tourism projects, which support the increasing number of wine tourism
tourists, are well-recognized by local tourists. The the ultimate goal of leisure tourism is realized via the
integration of modern lifestyle and wine culture . Many local wine enterprises have integrated their own
enterprise development with the tourism industry to form new leisure tourism products so as to cater to
consumers and uphold a more dominant role in the tourism market. Considering the geographical location,
climate conditions, and geological structure of Qingdao, this city has many suitable grape growth zones.
Qingdao has developed into a wine industry base on this land. With its development of nearly 40 years,
Qingdao’s wine production and sales have always been in the forefront of China. Fully utilizing Qingdao
winery tourism resources and further promoting the development of Qingdao’s tourism industry have
become urgent issues that its winery tourism must face 1.

2. A comprehensive analysis of the development potential of Qingdao winery tourism resources

We have conducted an in-depth analysis of Qingdao winery tourism resources. The research shows that
Qingdao winery has rich resources and great tourism value. In order to carry out a detailed investigation on
Qingdao winery tourism resource market, a questionnaire survey was conducted. The questionnaire
included the demographic variables of Qingdao winery tourism market and tourists’ acceptance of Qingdao
wine and winery tourism 1,
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2.1. Analysis of variance

Variance analysis and independent sample t-test were used to test whether there were significant differences
among different demographic groups (age, gender, occupation, education, and income) in strategy
formulation, strategy implementation, and strategy evaluation. According to the statistical results (Table
1), all P values were greater than 0.05, indicating that there was no significant difference between the
different demographic groups in the three regions [,

Table 1. Variance analysis and independent samples t-tests for different demographic groups in strategy
formulation, strategy implementation, and strategy evaluation

Variables  Groups Strategy formulation Strategy implementation Strategy evaluation
Under 23 years old 3.02+1.03 3.09+1.13 3.12+ 091
23-30 years old 2.75+1.07 293+ 1.12 2.92+0.94
Age 31-40 years old 2.77+1.18 3.00+1.16 2.91+0.98
41-50 years 291+1.12 2.74+1.10 2.92+0.98
More than 50 years old 2.99+1.02 2.81 £1.08 2.99+0.94
F 0.742 1.045 0.348
P 0.564 0.384 0.846
Gender Male 2.86+1.11 2.85+1.11 2.93+£0.95
Female 2.87+1.10 291+1.14 2.97+0.97
T -0.081 -0.556 -0.363
P 0.936 0.578 0.716
Businessman 2.83+1.10 275+1.14 2.86 +£1.00
Student 2.83+1.12 2.98 +1.08 2.87+0.95
Occupation Teacher 291+1.18 2.89+1.16 2.95+1.00
Government agency staff 2.83+0.99 2.86 £1.05 2.95+0.84
Other 292+ 1.14 3.01+1.13 3.05+0.95
F 0.146 0.768 0.592
P 0.965 0.547 0.669
Below junior high school 2.65+1.02 2.51+0.87 2.62+0.83
High school/vocational
school/technical 2.83+£0.89 2.71+1.08 2.85+0.79
Education  school/vocational school
College 2.93 +1.05 2.77+1.10 2.92+0.94
Undergraduate 2.89+1.17 296 +1.14 3.00 +1.00
Graduate and above 2.84+1.10 294+1.16 2.97+0.96
F 0.257 1.09 0.72
P 0.906 0.361 0.578
Below 2,000 RMB (n =43) 2.55+1.04 2.68 +0.99 2.76+0.87
2,000—4,000 RMB (n =55) 2.93 +1.07 2.85+1.15 3.00+0.94
Income 4,000-6,000 RMB (n = 103) 2.89+1.15 294+ 1.16 2.95+1.04
6,000-10,000 RMB (n="77) 2.89+1.14 290+ 1.11 3.01+0.95
10,000 RMB or more (n = 81) 2.95+1.06 290+ 1.14 2.95+091
F 1.054 0.433 0.523
P 0.379 0.785 0.719
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Through the cross analysis of the survey data, several conclusions can be drawn

(1) Different regions have different levels of acceptance toward Qingdao winery tourism. The farther away
from Qingdao, the lesser the understanding and attention to the winery tourism, the lower the regional
economic level, and the lower the awareness of the winery tourism. Therefore, Qingdao winery tourism
mainly attracts local tourists and tourists from surrounding economically developed areas !,

(2) Among the surveyed tourists, the attention, understanding, and intention of different genders to Qingdao
winery tourism are basically the same.

(3) Tourists of different ages have different perceptions and attitudes toward Qingdao winery tourism.
Generally speaking, tourists of all ages attach great importance to castle tourism and have certain tourism
intentions. In contrast, younger tourists, under the age of 20, have less understanding and attention to
castle tourism. This shows that younger people have lesser understanding of wine and castle tourism as
well as poorer knowledge of castle tourism ¢,

(4) The level of education has a great impact on Qingdao winery tourism. As seen from the survey data, the
higher the education level of the respondents, the more they know about wine, and the higher their
acceptance towards winery tourism.

(5) Different occupations have different levels of acceptance toward Qingdao winery tourism. Based on the
occupational variable, educators, civil servants, and business conference personnel, who are highly
educated, rich in knowledge, and stable in terms of income, tend to pursue a leisure cultural atmosphere
during their spare time since they have holidays, paid holidays, and leisure time [71. This is the reason
they can accept the high-level culture of winery tourism. Students, especially college students, are willing
to participate as long as their economic conditions permit.

(6) The income level has a great impact on Qingdao winery tourism. Based on the income level of the
interviewees, the higher the income level of tourists, the higher the recognition and participation in
winery tourism. These data indicate that the leisure winery tourism has been accepted by most tourists,
but it has not yet been popularized in mass tourism [,

High-end users are still the main target of the winery tourism.

3. Suggestions for the economic development of Qingdao winery as a new eco-tourism destination
3.1. Pay attention to the development of Qingdao’s wine culture and leisure services

First, it may be beneficial to build a local cultural platform in Qingdao. Wine culture includes wine planting,
production, wine tasting, etiquette, and other aspects. It not only covers the physical characteristics of wine
itself, but also the intangible spiritual connotation formed by wine tasting. It helps visitors understand the
origin and development of Qingdao’s wine culture by means of promotional videos, graphic advertisements,
documentaries, and field visits ). In order to further promote the integrated development of Qingdao’s
wine culture and leisure services, it is necessary to integrate the local cultural characteristics of Qingdao
with the wine culture in restaurants, bars, interior decoration, service personnel clothing, and etiquette.
Through the integrated development of wine culture and the local leisure service industry, the local cultural
characteristics can be formed to meet the personalized needs of tourists for tourism products. At the same
time, it enhances the added value of wine tourism products and helps shape the brand characteristics of
Qingdao’s wine culture tourism to a certain extent. Second, emphasizing the development of wine science
and technology tourism products may be advantageous. Wine science and technology tourism refers to
various science and technology tourism resources in wineries and agricultural parks that can meet the needs
of tourists, increase their knowledge, broaden their vision, and enrich their experience. Wine technology
tourism is a form of winery tourism. Many wineries in Qingdao are now focusing on wine technology
tourism. For example, Qingdao Huadong winery combines traditional brewing technology with modern
advanced brewing technology to form a brewing process that integrates viewing and application; the
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products formed are significant for the wine tourism industry ['%. The containers used by the distillery are
oak barrels and stainless steel cans. The fermentation process varies for different materials, thus forming a
personalized acidification process, which is different through different processes.

3.2. Strengthen the international brand construction of wine real estate tourism

First, enhance the image of wine producing areas. In wine tourism planning, it is very important to create
and improve the image of the origin of wines. Other than that, Qingdao should integrate wine culture
resources, strengthen wine culture management, implement origin protection policy, standardize and
protect the wine brewing process and planting technologies, conduct wine quality inspection in strict
accordance with the requirements, and increase the cultural connotation of winery tourism. Second,
transform Qingdao into an international wine brand city. In the construction of international wine brand
cities that radiate wine culture ['!], famous directors can be invited to shoot documentaries and films related
to wine culture, increase publicity, and improve the popularity and reputation of Qingdao so as to ensure
the quality of work. Third, create the image symbol of Qingdao’s wine culture tourism. Qingdao’s unique
geographical location has formed various local cultures with local characteristics since ancient times and
through its development, such as marine culture, fairytale culture, and wine culture. These local cultural
characteristics can be integrated and developed, thus making them more prominent. Fourthly, establish the
tourism brand marketing model of Qingdao distillery. Through the marketing of tourism products related
to wine culture, it would be beneficial to further expand the scope of publicity and promotion of tourism
projects 21, By expanding marketing channels, both, consumers and tourists may better understand
Qingdao winery tourism projects. This would in turn increase the popularity of Qingdao’s tourism projects
and provide an impetus for the development of Qingdao winery tourism. Network marketing is a popular
marketing method. The establishment of network marketing for Qingdao winery tourism has an important
impact on the development of the latter. In marketing tourism products, advertising wine tourism products
in mass media, such as radio, television, and paper media, is the best way to expand the popularity of
tourism products. At the same time, cultural activity marketing can be adopted to attract tourists. By holding
wine culture festivals and shooting films or television dramas, it is feasible to increase the popularity of
Qingdao winery as a tourist destination.

3.3. Innovative design of wine tourism projects

The innovative design of tourism projects is the key to attracting tourists’ attention. Tourism projects
include tourism activities in the winery based on grape planting, production, and processing, with a tourism
plan. This type of tourism project may include visiting vineyards, grape production processes, and wine
cellars 2, Experiential tourism projects, on the other hand, can promote the enthusiasm of tourists, enrich
the itinerary, and improve the return visit rate. These projects include agricultural planting experience, do-
it-yourself (DIY) fruit wine making, food experience, efc. Holiday tourism projects include planning for
various festivals, which is a good way to attract people to the winery and increase its influence and
popularity. For instance, during spring, the festival of “Love Connects Arbor Day” can be carried out;
similarly, wine and grape carnivals can be held during summer, while a romantic golden autumn wedding
festival can be held during autumn; in winter, the thematic festival of “Farewell to Old Age” can be held.
Other than that, cultural tourism projects, which are considered an integral part of the winery, should be
carried out. Wine culture museum, wine tasting competition, and special cultural programs are instances of
these projects.

3.4. Strengthen the guarantee of wine tourism industry development
The first is to strengthen insurance policy guarantee. Qingdao has vigorously promoted its wine tourism,
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shaped its city’s brand characteristics, enhanced its tourism competitive advantages, and promoted the
upgrading of its wine industry structure. The government and relevant departments of Qingdao should pay
more attention to the development of its wine tourism, provide support through policies 3! and funds,
establish an open economic system and build an industrial park, promote the wine industry to venture
internationally and participate in international markets, encourage international cultural exchanges, form
an international wine brand city, improve its international reputation and influence, as well as promote the
innovation and development of the modern service industry, while relying on East China Sea Economic
New Area and the Long Island Leisure. The second is to strengthen institutional guarantee. The
development of Qingdao’s wine tourism needs not only the joint efforts of tourism enterprises and wine
enterprises, but also the strong support of various government departments. Therefore, under the new
development situation of Qingdao’s grape tourism, a special management department, the Wine Bureau,
has been established, along with a wine association that cooperates with Qingdao’s municipal government
to jointly manage and serve the wine industry ['4]. In the development of wine tourism, it is also necessary
to strengthen the cooperation with other departments and organizations, especially transportation and
logistics, environmental protection, land management, and other departments, so as to provide support and
convenience for the industry as well as promote the healthy and harmonious development of wine tourism.
In addition, it is necessary to form an industrial chain monitoring mechanism for the wine industry. This
mechanism should be jointly established by Qingdao’s local and national wine monitoring center and its
processing technology research and development center to provide guarantee for the healthy development
of the industry. The third is to strengthen personnel training guarantee. With the continuous development
of Qingdao’s wine industry, the demand for talents is increasing. Universities in Qingdao have strengthened
the training of wine-related professionals ['*!. Colleges and universities in Qingdao are also offering wine-
related majors to promote the wine culture and provide a large number of professionals for the industry. As
Qingdao’s wine culture has remarkable characteristics and a relatively mature development, local colleges
and universities in Qingdao have successively developed courses related to wine and wine culture. These
elective courses or compulsory courses provide students with opportunities to understand wine culture and
stimulate their interest in wine. In order to strengthen talent training in Qingdao’s professional colleges and
higher vocational colleges, professionals and practitioners with a good grasp of wine culture should be
recruited, along with professional wine lecturers, so as to provide guarantee for the cultivation of wine

professionals [1¢],

4. Conclusion

Winery tourism is a distinguished tourism project that has garnered widespread attention in recent years.
The emergence and development of winery tourism have promoted the development of the wine industry
and tourism. At the same time, it enriches tourism resources and meets the personalized tourism needs of
tourists. Winery tourism will become the leading project of wine tourism !'”!. Qingdao has a unique planting
environment for grapes and is known as the seventh largest grape coast in the world. Its climate and soil
are ideal for grape planting. The design of Qingdao winery tourism route reflects the features of
international grape and wine cities, forming a route with the main wineries as the main body, integrating
grape planting, wine culture, and the natural scenery of the winery 181, Although Qingdao winery tourism
has made outstanding achievements, there are still some problems. Qingdao winery tourism should seize
the opportunity to establish special development plans, strengthen measures to protect the origin, and
formulate comprehensive development strategies, such as improving the overall image of the winery,
exploring the cultural connotation of the winery, forming a wine culture with Chinese characteristics, and
developing wine tourism products with personality at a unique level '), Through the continuous
improvement of its service system, the construction of the tourism infrastructure and public service platform,
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the strengthening of the cultivation of winery tourism professionals, the introduction of a series of measures
to promote the diversified development of the winery tourism, and the formation of distinctive and
diversified winery tourism products would eventually improve the reputation of Qingdao winery.
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Abstract: This paper uses the panel data of 17 cities in Shandong Province from 2003 to 2018 to construct a panel model to
empirically study the impact of foreign direct investment (FDI) on the industrial structure. The results show that two-way
investment, financial industry development, and policy variables have significant roles in promoting the advancement of the
industrial structure in the province. In the future implementation of the “Going Global” strategy in Shandong Province, the
cooperation between two-way investment and the financial industry should be strengthened, the level of regional financial
development should be improved, and the impact of two-way investment on the optimization and upgrading of the industrial

structure should be reinforced.
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1. Introduction

In recent years, the economy of Shandong Province in China has encountered many problems, such as
overcapacity and irrational industrial distribution. Therefore, realizing the resurgence of Shandong’s
economy through enterprises “going global” is the focus of research. This paper believes that the
development of enterprises in the province by “going global” stimulates the macroeconomic variables in
the province . Optimizing cross-border investment is one of the keys to new and old kinetic energy
conversion, which can promote the transformation and upgrading of industries in the province, improve
technological development capabilities, and identify new economic growth points [,

2. Literature review

In recent years, the effect foreign direct investment (FDI) on the economy of our home country has become
a trending topic among local economists. By learning from well-known foreign companies and imitating
them, Chinese companies will be able to form good demonstration and competitive effects on other
domestic companies; at the same time, there will be a strong upstream and downstream industry linkage
effect. The transmission of supply and demand chains will create momentum for upstream and downstream
industries as well as promote the development of upstream and downstream enterprises and industries !,
Jianqing Yang and Zhilin Zhou analyzed the impact of outward (O)FDI in eastern, central, and western
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China on the upgrading of local industries; the analysis showed that the OFDI in China has a significant
positive impact on the upgrading of local industries . According to the results of the regional analysis, the
promotion effect in eastern China is the most significant, while the effect in both central and western regions
is not significant. Dongkun Li and Min Deng analyzed the relationship between China’s provincial OFDI,
spatial spillover, and industrial structure upgrading. In their research, the spatial panel Dubin model was
used to carry out empirical analysis. The results showed that local OFDI not only improves the level of
local industrial structure rationalization, but also significantly promotes the improvement of the level of
industrial structure rationalization in neighboring areas, especially critical provinces through spatial
spillover effects 1.

3. Model setting

3.1. Selection of theoretical model

According to the international research and development (R&D) spillover model, proposed by Coe and
Helpman, imports and OFDI can absorb advanced technologies and R&D elements, and they are important
carriers for the international transfer of technological resources, thereby promoting the technological
progress of the home country and the transformation and upgrading of the home country’s industries. The
formula is as follows [°):

IS = a+ BS" + BS" + BST + &, (1)

where 7S represents the level of the industrial structure development of the home country, S

represents the technology spillover benefit brought about by the capital of the home country, S™

represents the reverse technology spillover brought about by imports, and S”“ represents the reverse
technology spillover brought about by OFDI [,

Model (1) is integrated and modified as follows: (1) in order to determine the spillover benefit of
domestic capital to the industrial structure, domestic capital is divided into FDI and domestic fixed asset
investment for consideration; (2) in order to prevent the omission of important variables, which would lead
to deviations in the regression results, this paper adds the financial industry development level (FD) and
the R&D level (RD) of enterprises above designated size as the control variables !¥); (3) in consideration of
the impact of the “new and old kinetic energy conversion” macro policy on the industrial structure of
Shandong Province, this paper uses “new and old kinetic energy conversion” as a dummy variable to
explain the policy’s intervention in the industrial structure. The model is as follows:

HIS;, = a+ BInGDE, + B, LnFAIl, + B, LnlFDI,, + B,LnOFDI, )
+ B LniM,, + B FD,, + 5, LnRD,, + f;Dum + ¢, ,

where HIS refers to high-level industrial structure, GDP refers to gross domestic product (GDP) per capita,

FAI refers to fixed asset investment, IFDI refers to foreign direct investment, OFDI refers to outward

foreign direct investment, IM is the amount of imports ], FD represents the level of financial industry

development, and RD represents the enterprise’s technology R&D level.

3.2. Variable selection and description

The basic data in this paper are derived from the 2003—2018 “Shandong Province Statistical Yearbook,”
“Shandong Province National Economic and Social Development Statistical Bulletin,” and the municipal
statistical yearbooks of 17 cities in Shandong Province 1],
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The dependent variable is high-level industrial structure (HIS). In the process of upgrading the
industrial structure, the added value of the service industry is significantly higher than that of the agriculture
industry ['!). Therefore, the degree of advanced industrialization in a region is indicated by the proportion
of the total social production of the service industry in that region. The details are shown in formula (3).

HIS =V, /Y, 3)

The independent variables include foreign direct investment (IFDI), social fixed asset investment (FAI),
amount of imports (IM), and per capita GDP (GDP), which are all calculated using U.S. dollar as the
currency unit of each city’s historical flow. For outward foreign direct investment (OFDI), the stock of each
city that has been calculated in U.S. dollars since 2003 is used.

With regard to financial industry development level (FD), this study uses “the proportion of non-state-
owned sector loan balance to GDP” to indicate the improvement in the efficiency of financial development.
With regard to enterprise technology R&D level (RD), the R&D investment per capita of each city is used
to express the technology R&D level 12l This study uses the “new and old kinetic energy conversion”
policy as a dummy variable (Dum). Before the policy is implemented (2003—-2015), the value is set to “0,”
but after the policy is implemented (2016—2018), the value is set to “1.”

4. Empirical analysis

In order to test the stability of the data, this paper uses LLC in the same root case and ADF-Fisher, PP-
Fisher, and IPS in different root cases to perform unit root tests at the same time. The results show that
some variables passed the significance test, but some failed. After the first-order difference, all variables
passed the significance test. In order to determine whether there is a long-term stable relationship between
the original variables 3], this paper uses the Kao test, proving that there is a long-term stable cointegration
relationship between the variables. Due to the limitation of the layout, the test results will not be shown
here.

Table 1. Regression results

. Model 1 Model 2

Variable

Fixed effect Fixed effect
LnGDP 0.039 (1.388)
LnIFDI 0.039*** (3.160) 0.043**%* (3,595)
LnOFDI 0.012%** (3.160) 0.008*** (3.216)
LnFAI 0.111** (2.478) 0.058** (2.478)
LnIM -0.021** (-2.096) -0.025%* (-2.597)
FD 0.189*** (4.259) 0.207*** (4.882)
LnRD 6.5E-07*%* (5.064) 6.28E-07*** (4.899)
Dum 0.139*** (9.497) 0.139*** (9.474)
Fixed effect Cross-section Cross-section
Adjusted R? value 0.937 0.930
Hausman test value 22.555%* (0.004) 25.042*** (0.000)
F-value 153.112*** (0.000) 159.091*** (0.000)
n 272 272

Note: (...) refers to the t value, but in Hausman test and F-test, (...) refers to the P-value; *, **, and *** indicate significant at
the level of 10%, 5%, and 1%
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According to the regression results (Table 1), the explanatory variables IFDI, OFDI, FAI, FD, and RD
in the model have a significant positive impact on the advancement of the industrial structure, implying
that increasing foreign direct investment, outward foreign direct investment, fixed asset investment,
financial loan ratio, and scientific research investment can promote the industrialization of Shandong
Province. Since 1990, attracting investment has been an effective driving force that boosted the economy
of Shandong Province and improved the distribution of Shandong’s industries. Since 2001, the Chinese
government has implemented the “Going Global” policy ['*. Shandong Province responded to the call, and
batches of powerful emerging companies have stepped out of the country and are on the international stage.
It is precisely because these companies have absorbed the advanced technology and learned advanced
management models abroad, a reverse technology spillover effect has taken place, outdated domestic sunset
industries have been eliminated, the transformation of new and old kinetic energy has been realized, and
the development of advanced industries in Shandong Province has been promoted. It is worth noting that
the rise of the financial industry has accelerated the pace of industrial upgrading in Shandong Province,
indicating that in the upgrading process, it is not only necessary to encourage physical enterprises to “bring
in” and “go global,” but also to optimize the allocation of capital in the financial industry 131,

5. Policy recommendations

(1) We should attach great importance to the impact of foreign investment and the use of foreign capital on
industrial structure, continue to encourage and guide companies with international competitiveness to
“go global,” and cultivate enterprises with certain competitiveness and brand value on the international
stage. While focusing on quantity, we should also focus on quality and enhance the independent
innovation capabilities of enterprises. At the same time, various preferential policies should be
introduced to attract powerful foreign companies to invest and compete with domestic companies;
however, their focus must be transformed from the original “quantity-centered” to “quality-centered.”

(2) Not only should we expand the scale of domestic and foreign financial markets, but the efficiency of
financial markets should also be improved, and better financial services should be provided for overseas
investment by enterprises. The financial industry should not only be a catalyst for the optimization and
upgrading of the industrial structure of overseas investment, but also further reform the differentiated
regional financial development strategy and focus on supporting independent innovative enterprises to
“go global,” so as to promote domestic industrial upgrading and technological progress.
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Abstract: The article first addresses the following questions: “Why does gross domestic product (GDP) rises, but the stock
market value falls?”; “Among the macroeconomic factors, which factor has a greater impact on the promotion of investment
value in the securities market?”. With these questions in mind, we put forward a hypothesis emphasizing on the impact of
macroeconomic factors on the value of the stock market based on existing research and used the regression method to verify
this hypothesis. The following conclusions were drawn: (1) variables that have a positive nonlinear relationship with stock
market value include balance of payments surplus, rising GDP level, M1, the whole society’s fixed asset investment, and
national per capita disposable income; (2) variables that have a negative nonlinear relationship with stock market value include
deposit, loan interest rate, new RMB loan amount, consumer price index (CPI), and producer price index; (3) deposit reserve
ratio has an S-shaped curve relationship with stock market value; (4) exchange rate has an inverted U-shaped curve

relationship with stock market value.
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1. Introduction

In Liaoning Smart Economy Competition, we analyzed relationship between China’s gross domestic
product (GDP) and stock market value, and found that in 2000-2006 and 2007-2008, there was a rise in
GDP but a fall in the stock market value. According to the theory of investment analysis, the GDP and
stock market value should be in the same direction. Among the macroeconomic factors, which factor has a
greater impact on the promotion of investment value in the securities market? With doubts and paradoxes,
we attempt to verify these problems through empirical analysis to better guide investment practices.

The analysis of the fundamentals of securities investment is more common in textbooks. On May 19,
2022, a keyword search based on titles was carried out using the keyword ‘“securities investment
fundamentals” on China Knowledge Network. After excluding 5 articles that have less relevant content, six
articles remained from a total of 11 articles. These six articles focus on the analysis of the fundamentals of
securities investment "2, Another keyword search based on full text was also carried out using the same
keyword “securities investment fundamentals,” with a total of 25,030 articles found. The top 500 articles
with the highest correlation were selected as the research sample. CiteSpace was used for literature review.
The studies could be divided into five types, in which volatility research is one of them. Volatility research
began in 2003, and from 2013 to 2016, it focused on quantitative investment, teaching reform, experimental
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teaching, and stocks. However, the 2021 volatility research focuses on applications. From careful reading
of the content, the majority are theoretical research, with relatively few research on solving practical
problems. Research has suggested that GDP and share price movements should be consistent over time;
however, existing research does not explain why GDP rises while stock prices fall.

2. Construction of research models and formulation of research hypotheses

Based on existing studies, the independent variable is the investment value of the securities market

(expressed by the annual closing price of the Shanghai Composite Index), while the dependent variable is

the balance of payments, GDP, M1, fixed asset investment, deposit reserve ratio, national per capita

disposable income, one-year deposit interest rate, short-term loan interest rate of 6 months to 1 year, new

RMB loans, CPI, producer price index, and exchange rate. Based on existing research, we propose several

hypotheses .

(1) Hypothesis 1: The balance of payments surplus will lead to an increase in stock market value. The
balance of payments is a systematic record of all transactions between residents of a country and non-
residents in a given period of time. It has a deficit and a surplus. The latter occurs when revenues exceed
expenditures, while a deficit occurs when expenditures exceed revenues. When the balance of payments
is in surplus, the prosperity of industries that provide export products is high, the profits of enterprises
are good, the income of the public is greatly improved, and the price of the securities market can rise
steadily. When there is a deficit in the balance of payments, a country’s export of goods is inhibited,
and the efficiency of enterprises that provide these products is inevitably affected. The securities issued
by listed companies will be snubbed by investors in the market, and the listed companies associated
with these enterprises would face difficulties in performing, resulting in the fall of stock market prices.
If a country has a long-term deficit in its income and expenditure, its foreign exchange reserves will
decrease, along with its capacity to use foreign exchange to purchase imported raw materials, equipment,
and technology. As a result, there would be a decline in economic growth rate, the entire national
economy would be affected by the balance of payments deficit, and the performance of the securities
market would be unsatisfactory.

(2) Hypothesis 2: The rise in GDP will cause the stock market value to rise. GDP is the most basic indicator
of the overall macroeconomic performance. The macroeconomic environment is the most basic factor
of a company’s management, survival, and development. The stock market value is bound to rise when
the trend of macroeconomic operation improves and the overall profit level of enterprises rises.

(3) Hypothesis 3: The increase in M1 will lead to a rise in stock market value. A significant money-making
effect of the stock market would encourage investors to move other investment funds such as fixed
deposits into the stock market, which benefit less, thereby increasing the overall M1. On the contrary,
if the stock market does not make money, the money will be moved out of the stock market into other
fixed assets, thus reducing the overall M1.

(4) Hypothesis 4: Under the condition of moderate investment scale and reasonable structure of investment,
the whole society’s fixed asset investment will cause the stock market value to rise. Fixed asset
investment is the primary index used to measure the scale of investment. The formation of new
productive capacity through investment in fixed assets is an indispensable means for expanding
reproduction and promoting economic development. It is an important condition for promoting
technological progress and the basis for establishing a rational production structure and distribution of
productive forces. The scale and structure of fixed asset investment are not only related to the current
state in service of the society, but also to future economic development prospects and structure.
Securities investment is the future investment, so the analysis of fixed asset investment is of significance
to making correct decisions in securities investment.
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Hypothesis 5: The increase in reserve ratio will lead to a decline in stock market value. Statutory deposit
reserve ratio refers to the proportion of the total deposits of financial institutions to ensure the
withdrawal of deposits and the settlement of funds. The higher the ratio, the less money the banks can
borrow from deposits, thus reducing the money supply.

Hypothesis 6. As national per capita disposable income increases, the stock market value rises. The
increase in people’s income will directly lead to the rise of stock market prices, and the increase in
investment demand and consumption expenditure will affect the total social demand. The social
aggregate demand in turn stimulates investment demand, so that enterprises expand the scale of
production and increase corporate profits. This increase in profits will stimulate the enthusiasm of
enterprises to expand their production scale and further improve the total profits, thereby promoting an
increase in stock prices. Bond prices will also increase because of active market demand, improved
business environment, increased profitability, and reduced debt service risk.

Hypothesis 7a: When deposit rate falls, the stock market value rises; when deposit rate rises, the stock
market value falls.

Hypothesis 7b: The stock market value rises when the lending rate falls; when the lending rate rises, the
stock market value falls.

Hypothesis 8: As the new RMB loan amount increases, the stock market value will rise. New loans are
used to reflect the situation of China’s financial institutions to enterprises and residents in relation to
the increase in amount of RMB loans issued based on statistical data released by the People’s Bank of
China to the public on a regular basis [*l. The increase in loans means that monetary policy has begun
to ease, which is conducive to the circulation of money. The flow of money in the stock market will be
large; hence, the new money will push the domestic stock market up ©*'.

(10) Hypothesis 9: A stable CPI will lead to an increase in stock market value. CPI is a lagging data, but it

is often an important indicator of market economic activity and government monetary policy. Among
stable CP]I, full employment, and GDP growth, CPI stability is the most important socio-economic goal.

(11) Hypothesis 10: Producer price index and stock market capitalization have an inverted U-shaped

relationship [, Producer price index is an index used to measure the average change in a manufacturer’s
ex-factory price. It is one of the several price indices collected and collated by the Statistical Office. If
the producer price index is inches higher than expected, it indicates inflation risk. Producer prices may
also indicate the risk of deflation. The fluctuation of the overall price level first appears in the production
field, then spreads to the downstream industry through the industrial chain, and eventually affects
consumer goods.

(12) Hypothesis 11: In the presence of trade surplus, the exchange rate declines, while the stock market value

rises. Exchange rate is the price expressed in one currency for another. A rise in exchange rate denotes
the conversion of 1 unit of foreign currency into an increase in the local currency. When the exchange
rate drops, the currency appreciates, and it is advantageous to import, thus raising the stock prices of
import enterprises.

3. Correlation analysis and causal analysis

3.1. Correlation analysis

Using SPSS, the results from Pearson correlation analysis of 13 variables, such as the Shanghai Stock
Exchange (SSE) Index and GDP, show that the Shanghai Index and the international balance of payments,
M1, national currency issue, fixed asset investment, and deposit reserve ratio are significantly positively
correlated. The Shanghai Composite Index is negatively correlated with one-year deposit interest rate,
short-term loan interest rate, and new RMB loans.
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3.2. Linear relationship analysis

Stepwise multiple regression analysis of the model was performed using SPSS 21.0. The results show that
GDP has a significant impact on the Shanghai Index, in which the coefficient of regression is 0.612. Other
variables have no significant impact on the Shanghai Composite Index.

3.3. Nonlinear analysis
Shanghai Index represents the dependent variable Y, whereas the independent variable X is represented by
balance of payments (BOP), GDP, M1, fixed asset investment, deposit reserve ratio, national disposable
income, one-year deposit interest rate, short-term loan interest rate of 6 months to 1 year, new RMB loans,
and CPI. Only significant nonlinear relationships and the best fitting degree are listed from the nonlinear
analysis of the independent variables and the Shanghai Index [7).

The quadratic relationship between BOP and SSE Index is significant, and the fitting degree is the best:
Y =715.135+1.395 * 105X —1.186 * 1013X2.

Between GDP and SSE Index, S function is significant, and the fitting degree is the best: In(Y) = 7.955
—56629.157/X.

Between M1 and SSE Index, S function is significant, and the fitting degree is the best: In(Y) = 7.853
—21471.053/X.

Between fixed asset investment and SSE Index, S function is significant, and the results are as follows:
In(Y) =7.832 — 14233.782/X

The cubic function of deposit reserve ratio and SSE Index is significant, and the fitting degree is the
best: Y = 14294.071 — 3530.427X + 286.123X2 — 6.928X3.

Between national per capita disposable income and Shanghai Composite Index, the logistic function is
significant: In(1/Y) = X.

Between the one-year deposit interest rate and SSE Index, the log function is significant, and the fitting
degree is the best: In(1/Y) = 1.217X.

Between short-term loan interest rate of 6 months to 1 year and the Shanghai Index, the log function is
significant, and the fitting degree is the best: Y = 5755.054 —2070.266l0g(0.521X).

The quadratic function between new RMB loans and SSE Index is significant and has the best fitting:
Y =-7985.775 + 354.721X8 — 2.849X82.

Between CPI and SSE Index, the exponential function is remarkable, and the fitting degree is the best,
where In(Y) =498352.533 — 0.055X.

Between producer price index and Shanghai Index, the logistic regression is significant, and the results
are as follows: In(1/Y) = 2.060*106 + 1.057X.

Between exchange rate (100 USD against RMB) and the Shanghai Composite Index, the cubic function
is significant, and the results are as follows: Y =-13030.990 + 0.98X2 —9.245 * 105X3.

4. Conclusion

Through quantitative analysis (Table 1), the relationships between different macroeconomic indicators and

the stock market value are described below.

(1) Variables that have a positive non-linear relationship with the stock market value include balance of
payments surplus, rising GDP level, M1, the whole society’s fixed asset investment, and national per
capita disposable income.

(2) Variables that have a negative nonlinear relationship with the stock market value include deposit, loan
interest rate, new RMB loan amount, CPI, and producer price index.

(3) The variable that has an S-shaped curve relationship with the stock market value is deposit reserve ratio.

161 Volume 5; Issue 5



(4) The variable that has an inverted U-shaped curve relationship with the stock market value is exchange

rate.

Table 1. Verification of the relationships in the hypotheses

Hypothesis Verified
Hypothesis 1: The balance of payments surplus will lead to an increase in the stock
market value. Yes
Hypothesis 2: A rise in GDP will cause the stock market value to rise.
Yes
Hypothesis 3: The increase of M1 will lead to the rise of stock market value.
Yes

Hypothesis 4: Under the condition of moderate investment scale and reasonable
structure of investment, the whole society’s fixed asset investment will cause the Yes
market value of the stock market to rise.
Hypothesis 5: The increase in reserve ratio will lead to a decline in the stock market

Partially
value.

verified
Hypothesis 6: As the national per capita disposable income increases, the stock market
value increases. Yes
Hypothesis 7a: When the deposit rate falls, the stock market value rises; when the
deposit rate rises, the stock market value falls. Yes
Hypothesis 7b: The stock market value rises when the lending rate falls; when the
lending rate rises, the stock market value falls. Yes
Hypothesis 8: As the new RMB loan amount increases, the stock market value rises. Partially

verified
Hypothesis 9: A stable CPI will lead to a rise in stock market value. Yes
Hypothesis 10: Producer price index and stock market capitalization present an No
inverted U-shaped relationship.
Hypothesis 11: In the presence of trade surplus, the exchange rate declines, and the Partially
stock market value rises. verified
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of enterprise project management and the utilization efficiency of project portfolio management in enterprise project

management.
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1. Introduction

Project portfolio management is a comprehensive management idea. It begins from the company’s strategic
objectives and carries out comprehensive evaluation of each project on this basis. The introduction of
project portfolio management in the formulation of strategic objectives not only realizes the efficient
allocation of resources, but also promotes the continuous and stable operation of the entire project, while
maximizing the benefits. Project portfolio management first appeared in the field of computing and
extended to the field of finance over time 1. In recent years, with the emergence of various concepts,
including industrial integration and global cooperation, the concept of project portfolio management has
also penetrated into all facets of enterprise development. Under the direction of this concept, enterprises
may acquire fresh ideas for development, gradually move closer to comprehensive management from single
project management, and maximize the benefits of organizational objectives %/,

2. Advantages of project portfolio management
Project portfolio management has many advantages. First, it focuses on the overall benefits of enterprises.
The fundamental purpose of an enterprise is to make profits. In the previous management concept,
enterprise managers often focus on the implementation of specific projects rather than making long-term
development plans. This separates the project from the overall development of the enterprise, which is not
conducive to the sustainable development of the enterprise. The application of project portfolio
management prevents the aforementioned situation, draws the attention of managers to each project of the
enterprise to achieve a good fit between the project objectives and the enterprise’s overall development
objectives, and promotes the overall economic benefits of the enterprise .

Second, it improves the realizability of organizational goals. When formulating the project objectives,
it is necessary for the project objectives to be in line with the actual situation. The application of project
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portfolio management further refines enterprise management objectives, decentralizes management tasks,
realizes top-down management, deals with the development risks from the root, and promotes a sound and
rapid development 41,

3. Specific strategies to achieve the enterprise’s strategic objectives from the perspective of project
portfolio management

3.1. Strengthen personnel training and establish a good awareness of project portfolio management
Project portfolio management has become a general trend for enterprise development. In order to further
improve the enterprise economy and achieve long-term development, enterprises should pay attention to
the role of project portfolio management in the internal structure of enterprises, clarify the relationship
between projects and enterprises, strengthen the training of managers to enhance their professional skills,
ascertain the quality of work and projects, and establish a good awareness of project portfolio management
in project management. Enterprises should begin from the following aspects: first, adjust the traditional
personnel training structure, establish a hierarchical training mode based on the characteristics of project
portfolio management and the ability and literacy of group managers, invite professionals of relevant fields
to serve as instructors for them, record the actual learning of managers, and adjust the corresponding
training programs and incentive policies to ensure learning and improve their project management
awareness and ability Pl; second, formulate a capacity development blueprint based on enterprise
development ], raise awareness of the novel concept, encourage enterprise managers to weigh the current
project management and project portfolio management, link the actual work content with project
management, simplify and split the project management concept, and ensure that the training is consistent
with the current work content of managers [©/,

3.2. Improve the supervision system and adhere to the working principle of “quality first”
Compared with general management, project portfolio management involves many departments and
various contents. Its system content needs to be determined in consideration of various contents. In order
to further improve the supervision system and ensure the quality of the project, managers should start from
each link of the project, improve the existing supervision system, and arrange corresponding supervisors
for each stage to monitor the progress in real time. Moreover, managers should also report to the
corresponding departments for treatment in case of emergencies, so as to ensure the overall quality of the
project and improve the directivity of their management work ). Incentive policies should also be
formulated based on the original supervision system; regular assessments on the work attitude and
performance of managers should be carried out; and material rewards should be given accordingly, so as to
further improve their work enthusiasm.

3.3. Build a scientific personnel distribution system and give full play to the effect of project portfolio
management

In order to give full play to the effect of project portfolio management, we should build a scientific
personnel distribution system based on the actual situation and implement it. First of all, the person-in-
charge of the enterprise should improve their professional ability, learn professional managerial knowledge,
make overall planning from the perspective of the overall development of the enterprise, and be highly
consistent with the strategic objectives of the enterprise. At the same time, enterprises should strengthen
the training of managers and grass-roots employees, improve their work ability, and establish a high-quality
management team and work team on this basis to ensure a scientific and effective management process.
Each enterprise should also formulate a practical employment mechanism, in which candidates are assessed
prior to recruitment, improve the threshold of talent recruitment, and attract more high-quality talents. In
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addition, the enterprise project manager should work closely with the senior management to ensure that all
projects are in close cooperation, evaluate the utilization of resources, formulate a scientific resource
allocation system, and effectively coordinate the relationship among financial, human, and material
resources. Enterprise personnel can also gain more knowledge from project management and multiply
benefits through knowledge sharing [,

3.4. Establish a scientific evaluation system to improve work quality

Establishing an evaluation mechanism would allow for the effective evaluation of the relationship between
enterprise project objectives and overall planning, thus enabling enterprises to develop in an established
direction. To a certain extent, the project selection, priority determination, and effect guarantee in enterprise
project management are inseparable from the project portfolio management evaluation mechanism.
Therefore, in the process of enterprise development, it is necessary to establish a scientific evaluation
system, which includes risk evaluation. This evaluation lists the relevant risks, including the risk of on-time
project completion, the risk of multi-organization management, technical risk, project action risk, cost
control risk, efc. Furthermore, it is also necessary to set weights in accordance with the actual situation to
avoid risks. Enterprises should focus on quality and ensure good quality control. The quality of an enterprise
should be evaluated from the pre-combination, combination and post-combination stages, so that the
relevant personnel may come to understand the dynamic development process of the enterprise prior to
making scientific decisions. In the process of project evaluation, we should begin with the commercial
value and project budget to determine the action levels of the project (these levels mainly include “start,”
“start after confirmation,” “need to be confirmed after research,” “will not start in the short term,” and “will
not start in the long term”), locate the level based on the actual situation, and formulate scientific
development objectives on this basis to optimize the effect of the project portfolio ).

3.5. Relying on information technology to achieve overall consideration

Information technology plays an important role in improving the efficiency of project portfolio
management. In this era, various technologies have emerged, such as big data and cloud computing.
Introducing these technologies into project portfolio management allows us to fully utilize their advantages
and improve the overall management effect. For example, big data can be utilized to collect project
information. From that, the enterprise would be able to carry out analysis from both horizontal and vertical
perspective to formulate optimization strategies. All enterprise personnel should also be proactive in
communication, share information via internet platforms, analyze the advantages and disadvantages of
projects, and adjust the implementation sequence and process of the combined project.

4. Project portfolio management considerations in enterprise project management objectives

4.1. Align portfolio management with the enterprise’s strategic objectives to improve the scientificity
of project portfolio

Project portfolio management must be aligned with the enterprise’s strategic objectives to achieve the best
results. In this context, project portfolio management can also provide continuous support for enterprise
development. In the process of applying project portfolio management, enterprises should clarify their own
management objectives with long-term development in mind and formulate practical development plans.
In this way, they can enhance the enterprises’ core competitiveness. At the same time, senior managers
should have a thorough understanding of the strategies and play the role of participants. In this way, they
would be able to coordinate the external and internal environments and put forward enterprise development
strategies that are viewed from a higher perspective. Compared with ordinary employees, senior managers
have rich management experience; they are able to analyze the risks in the development process accurately
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and subsequently deal with these risks. At the same time, the relevant managers should also optimize the
operation state of the portfolio project to ensure that the enterprise operates normally %/,

4.2. Implement the people-oriented concept and strengthen the collection and adoption of employees’
opinions

The majority of enterprises have recognized the importance of project portfolio management and applied
these management methods to enterprise development. This effort has accelerated the pace of enterprise
economic development to a certain extent. In the process of implementing project portfolio management,
relevant enterprise managers also focus on analyzing the risks and listing various ambiguous factors. On
this basis, the enterprise project cost and the development risks have reduced. In the actual development
process, there are many factors that must be considered. It is necessary to consider the suggestions of
employees and formulate a project management method to maximize benefits. This would stimulate the
work enthusiasm of grass-roots employees and promote a steady overall development of the enterprise.

5. Conclusion

Project portfolio management focuses on the overall benefits of enterprises. It improves the realizability of
organizational objectives and enhances the effectiveness of enterprise project management. In the actual
development process, enterprises must determine the project implementation standards, the compatibility
between the overall objectives and phased objectives, the application of various resources, and its income,
so as to allocate resources reasonably, reduce its development cost, and improve its development efficiency.
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of pressure and opportunity factors, as well as proposes comprehensive suggestions for dealing with the corporate financial
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1. Introduction

With the progress of the 21st century, many public companies have become more aware and technically
sophisticated in their fraudulent practices, and as a result, there is an intensification of financial fraud. Enron
became the largest bankruptcy in American history after it was exposed to financial fraud. Subsequently,
WorldCom and Vanke collapsed due to financial fraud. Prior to these cases, the founder of the Association
of Certified Fraud Examiners (ACFE) Albrecht proposed that financial fraud is created by the three
elements based on the fraud triangle theory: pressure, opportunity, and rationalization ). Pressure comes
from operational performance and the need to raise capital for initial public offering (IPO), which is also
the motivation for a company to act; opportunity comes from the lack of internal control, auditing, and
regulatory institutions, which are the conditions for financial fraud to materialize; rationalization, which is
subjective, is beyond the scope of this paper.

2. A brief overview of Toshiba and Luckin financial fraud cases

On July 20, 2015, the investigation report released by the investigation committee revealed that Toshiba’s
financial fraud lasted for seven years, with a false profit of about 151.8 billion yen, accounting for nearly
one-third of Toshiba’s pre-tax profit. Toshiba achieved the goal of falsely increasing profits and covering
up its losses by arbitrarily estimating the percentage of project completion, delaying the recognition of costs
and losses, exaggerating inventory value, as well as falsely increasing accounting revenue and other items.
All three presidents successively participated in the fraud, which covered a wide range of businesses,
involving almost all businesses of the company. Following Toshiba, which falsified its finances in 2015,
the case of Luckin, an emerging company that falsified its finances in 2020, is more dramatic. On January
31, 2020, a well-known agency, Muddy Water, claimed that it had received an 89-page anonymous short
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report, pointing out the fraud of Luckin Coffee. Then, on April 2, 2020, its share price plummeted by 80%
after Luckin coffee admitted a false transaction of RMB 2.2 billion. On June 29, 2020, Luckin was delisted
from NASDAQ under pressure.

3. Pressure perspective
When analyzing the financial fraud cases from the perspective of pressure factors, the common denominator
is that both companies were under pressure to deliver operational results in a market filled with competition.
The market downturn and industry systemic risks have led Toshiba to take desperate measures to whitewash
its financial reports. The global personal computer (PC) industry has experienced sluggish growth in recent
years, with its market nearly saturated and consumer demand declining. The external environment has seen
a significant change. However, Toshiba’s management did not fully consider these changes and continue
to set high profit targets, putting the top management of each division under massive pressure. Coupled
with the 2011 nuclear leak that hit Toshiba’s nuclear energy business hard, Toshiba’s management failed
to make timely adjustments to achieve these targets. In order to meet the unrealistic profit targets, the
divisions had to find ways to falsify financial reports. For instance, Toshiba’s PC division attempted to gain
temporary revenue at the end of the quarter by “plugging distribution channels” . Due to market
competition, Toshiba’s core competencies have declined. Toshiba was known for its production of white
goods and electronic products. However, as technology has become more advanced and competitors in the
industry are pushing the boundaries, Toshiba had not been able to hold on to its position as the industry
leader in its areas of strength. In 2012, Lenovo had a 29% market share, overtaking Toshiba at 12% and
becoming the top PC brand in Japan. At the same time, due to Toshiba’s blind business expansion,
significant resources were consumed in non-core areas, such as sensors and white light-emitting diodes
(LEDs). Its core competencies could no longer support the company’s growth, thus further contributing to
Toshiba’s whitewashing of its financial statements. Toshiba did not consider the adaptation of its internal
decision-making to the external environment when setting its strategic objectives and specific business
objectives, resulting in poor business outcomes and the use of an illegal measure — financial fraud.
Luckin’s pressure also came from the need for considerable business data. Luckin was considerably
under more pressure than Toshiba because it had to go public. In terms of its business model, it is inherently
flawed. As a newly established company, Luckin chose to frantically increase the number of shops and
occupy the market at low prices. According to Luckin’s financial report, by the end of 2019, there were
5,200 shops within two years, giving away more than 30.03 million cups of coffee for free or at low prices
every month. This consumed a large amount of capital, incurring a net loss of 3.16 billion. With the
beverage market already in an oversaturated state, becoming an exclusive brand requires not only a lot of
money, but also time to gain favor from customers. Unfortunately, before its financial fraud scandal, Luckin
did not have good customer stickiness, and at that time, customers were highly price sensitive. Luckin’s
public reports showed that after becoming a trading customer, the retention rate of new customers dropped
to 35% or lower in the second month, showing a low customer retention rate. This is due to Luckin’s
marketing approach, which entails offering significant discounts to draw in marginal customers without
benefiting its core customers ). Over time, the number of core customers decline, the same customers are
repeatedly stimulated over a certain period of time, and Luckin Coffee continues to operate in a mode where
it needs to attract customers with discounts, making it difficult to get out of the rut. Therefore, its sales
volume and earnings are unable to grow, which is a fatal flaw for sales. In terms of its strategic objectives,
Luckin wanted more financing for working capital and needed to meet the conditions for NASDAQ listing
at the expense of inflating revenue by skipping orders. From inception to IPO, it took only 17 months for
Luckin Coffee to successfully go public with a market value of US$4.25 billion, setting a record for the
fastest IPO in the world. In terms of motivation, Luckin’s flawed business model was under pressure to
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grow under competitive market competition, resulting in insufficient cash flow. The pressure factor was
the incentive for Luckin to falsify its finances to continue to operate and go public so as to receive more
investment, resulting in the scandal and crisis.

4. Opportunity perspective

In addition to the pressure factor as the motivation, the common opportunity factor of the two financial
fraud cases is defective internal control. Toshiba had always been regarded as a model of corporate
governance in Japan . Its corporate governance structure appeared to be sound and balanced, but the
various bodies did not perform their respective roles; moreover, the internal supervisory system and
independent outside directors were virtually non-existent. With centralized corporate decision-making and
a lack of accountability in management, President Atsushi Nishida served as Toshiba’s global president
and the company’s director. Furthermore, two of Toshiba’s external supervisory members were former
diplomats and lacked professionalism ). In other words, the supervisory committee was only a mere
formality that provided the opportunity for committing financial fraud rather than performing the
supervisory role. Toshiba’s fraudulent internal controls were in fact weaknesses in corporate governance,
including an inadequate governance structure and an insufficient segregation of incompatible duties of
independent outside directors. These factors are critical components of fraud opportunity.

The lack of maturity in the internal control system at Luckin provided the opportunity for financial
fraud. According to a report submitted by Luckin, the financial fraud was led by a team headed by Liu Jian,
the company’s chief operating officer (COO), and the activities of the operation were not known to the
financial department. This reflects the lack of communication among departments, the poor risk perception
of the internal control department, and the wrong motivation of the company’s senior management.
Therefore, it is impossible for Luckin to avoid risks in a timely manner. In addition, due to the lack of
contingency plans, Luckin’s public relations department failed to deal with and take prompt measures
following the scandal. As a result, Luckin was very passive in the face of the scandal. Other than that, there
are also problems in the control structure. Executives of listed companies usually have information
advantage, thus having a good grasp of the company’s growth. In possession of this advantage, executives
tend to play a role in financial fraud. An important clue of financial fraud is the change in the lifestyles of
these executives . Based on the publicly disclosed information in the annual report, the two major
shareholders of Luckin were the company’s senior executives, holding most of the shares of the company
and more than 50% of the voting rights; that is to say, the overall decision-making and execution rights of
the company were all in the hands of these two senior executives. The corporate governance problem was
that ownership and control cannot be separated, thus making the company vulnerable to individualism in
strategic planning, decision making, and execution, which can result in a significant increase in internal and
external risks. The internal factors are reflected by the high relevance of shareholders’ and executives’
interests, the unreasonable control structure, the inability of internal controllers to perceive risks and control
them promptly, as well as the lack of maturity of the public relations department. These factors have led to
financial fraud problems, including false transactions and cost manipulation, the exposure of the company’s
unethical trading practices, and the worsening of the incident.

In terms of opportunity factors, there are differences between the two companies. Toshiba inherited a
traditional Japanese corporate culture that makes its employees hesitant to defy their superiors. Additionally,
it has been in a long-term partnership with an external accounting firm. Since Luckin is a Chinese company
listed in the United States, cross-border regulation is more challenging. At Toshiba, the corporate culture
was such that the employees must not question the authorities. Toshiba’s internal auditors had identified
the flaws in Toshiba’s internal audit at the beginning of the period, but due to the extreme concentration of
power at the top, there was a dysfunctional internal audit function /). Moreover, when Toshiba’s top
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management set unrealistic profit targets in pursuit of profit, the employees did not question the decision
due to the corporate culture established in the company. In order to meet the unreasonable expectations, the
corporate management adopted inappropriate accounting practices, which laid the groundwork for the
company’s operations. In addition, Toshiba’s external auditing firm did not provide adequate oversight. As
the auditor had been serving in partnership with Toshiba for a long period of time, it was possible for the
accounting firm to condone the company’s financial fraud for its benefit; the firm’s appointment system
was flawed [*]. The other opportunity factors include Toshiba’s arbitrary leadership style due to the Japanese
corporate culture and the failure of the external audit firm in performing its due diligence; the external audit
firm condoned the financial fraud, rather than basing itself on public interest.

A poor regulatory system also provides opportunities for financial fraud. It is worth mentioning that
Luckin, whose main business and assets are in China, chose to be listed on NASDAQ because its financing
is in overseas capital markets and its investors are all over the world. Therefore, there are problems such as
overlapping supervision and a lack of access to some cross-border regulatory information. In addition, an
inadequate regulatory system for listed companies also exists. In the United States, only 7% of all financial
frauds are detected by the Securities and Exchange Commission ). It can be seen that the flaws in the
regulatory system and the difficulty of supervision due to cross-border listing had given Luckin the
opportunity to commit financial fraud as a condition.

5. Conclusion

After sorting out the pressure and opportunity factors of Toshiba and Luckin, the business needs under
market competition and internal control are common factors of financial fraud. Given the fierce market
competition, companies tend to commit financial fraud in violation of the law when the profits from
legitimate operations do not satisfy their targets to ensure that their operating figures are substantial,
specifically, Toshiba to retain its market position and Luckin to attract investment by going to IPO. The
concentration of the company’s control power reduces the opportunity to circumvent faulty decisions. The
deficiencies in internal control weaken the risk prevention function, resulting in the company’s insensitivity
to the occurrence of financial fraud. Along with the company’s financial fraud similarities, the decadent
corporate culture has fostered an environment conducive to counterfeiting. The failure of external audits to
remain impartial and objective as well as the inadequacy of the market regulatory system for listed
companies lead to the collapse of the external defense line against fraud. When combined with the analysis
of fraud data over the years, the average years of 2000-2004 and 2011-2014 are considered high incidence
periods of financial fraud, indicating that corporations have a stronger motivation for fraud in the economic
downturn !9, With the impact of the new crown pneumonia and the generally sluggish economic
performance of international markets, the number of corporate financial fraud cases will continue to trend
upwards, thus warranting caution. In conclusion, enterprises should draw experience and lessons from
financial scandals, clarify their strategic position, innovate development ideas, improve their corporate
governance mechanisms, earnestly carry out internal supervision, strengthen the development of enterprise
management culture, improve the external audit system, and actively prevent the occurrence of financial
fraud. The market should continue to improve the relevant laws and regulations as well as the penalty
system for financial fraud, increase the penalty for company violations, truly deter violation acts, protect
the legitimate rights and interests of investors, improve investors’ confidence, and ensure a more rational
and healthy development of the securities and capital markets.
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brightness and contrast applied uniformly for the entire figure). It should also be set against a white
background. Please remember to label all figures (e.g. axis etc.) and add in captions (below the figure)
as required. These captions should be numbered (e.g. Figure 1, Figure 2, etc.) in boldface. All figures
must have a brief title (also known as caption) that describes the entire figure without citing specific
panels, followed by a legend defined as description of each panel. Please identify each panel with
uppercase letters in parenthesis (e.g. A, B, C, etc.)

The preferred file formats for any separately submitted figure(s) are TIFF or JPEG. All figures should
be legible in print form and of optimal resolution. Optimal resolutions preferred are 300 dots per inch
for RBG coloured, 600 dots per inch for greyscale and 1200 dots per inch for line art. Although there
are no file size limitation imposed, authors are highly encouraged to compress their figures to an ideal
size without unduly affecting legibility and resolution of figures. This will also speed up the process
of uploading in the submission system if necessary.

The Editor-in-Chief and Publisher reserve the right to request from author(s) the high-resolution files
and unprocessed data and metadata files should the need arise at any point after manuscript
submission for reasons such as production, evaluation or other purposes. The file name should allow
for ease in identifying the associated manuscript submitted.

Tables, lists and equations

Tables, lists and equations must be submitted together with the manuscript. Likewise, lists and
equations should be properly aligned and its meaning clear to readers. Tables created using Microsoft
Word table function are preferred. Place each table in your manuscript file right after the paragraph in
which it is first cited. Do not submit your tables in separate files. The tables should include a concise
but sufficiently explanatory title at the top. Vertical lines should not be used to separate columns.
Leave some extra space between the columns instead. All tables should be based on three horizontal
lines to separate the caption, header and body. A few additional horizontal lines MAY be included as
needed (example below). Any explanations essential to the understanding of the table should be given
in footnotes at the bottom of the table. SI units should be used.

Supplementary information

This section is optional and contains all materials and figures that have been excluded from the entire
manuscript. This information are relevant to the manuscript but remains non-essential to readers’
understanding of the manuscript’s main content. All supplementary information should be submitted
as a separate file in Step 4 during submission. Please ensure the names of such files contain ‘suppl.
info’.

In-text citations

Reference citations in the text should be numbered consecutively in superscript square brackets. Some
examples:

1. Negotiation research spans many disciplines 341,
2. This result was later contradicted by Becker and Seligman 1.
3. This effect has been widely studied ['=>7],
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Personal communications and unpublished works can only be used in the main text of the submission
and are not to be placed in the Reference section. Authors are advised to limit such usage to the
minimum. They should also be easily identifiable by stating the authors and year of such unpublished
works or personal communications and the word ‘Unpublished’ in parenthesis.

E.g. (Smith J, 2000, Unpublished)
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Integrated Services Platform of International Scientific
Cooperation

Innoscience Research (Malaysia), which is global market oriented, was founded in 2016.Innoscience Research
focuses on services based on scientific research. By cooperating with universities and scientific institutes all
over the world, it performs medical researches to benefit human beings and promotes the interdisciplinary and
international exchanges among researchers.

Innoscience Research covers biology, chemistry, physics and many other disciplines. It mainly focuses on the
improvement of human health. It aims to promote the cooperation, exploration and exchange among researchers
from different countries. By establishing platforms, Innoscience integrates the demands from different fields to
realize the combination of clinical research and basic research and to accelerate and deepen the international
scientific cooperation.
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