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Research on minor metal innovation

Hypothesis I: Convergent evolution occurs in different innovations if they
are in the same environment
Hypothesis II: Rapid growth of innovation shortens the life of innovation

Hiroshi MURAYAMA

All the breakthroughs in the current information and communication society originate
from the research and development of minor metals. Minor metals do not mean that exist
only in extremely small amounts on the earth. From which country the minor metal is
buried, and from which country it is produced, they become important factors to define
minor metal.

As minor metals are ubiquitous on the earth, countries can be divided into “country with
minor metals” and “country without minor metals”. Politically unstable countries, countries
with high strikes, countries with very high export taxes, and countries with high country
risks are the reasons why Japan is regarded as a minor metal. Thus minor metals have a
close relationship with geopolitical risk. Japan must import almost 100% of minor metals.
However, minor metals have become essential metals in Japan’'s information communication
society and the next-generation automobile society. The exporters of minor metals hold
Japan’'s ups and downs.

Rare earths have extremely excellent properties in the fields of magnetism, superconductivity,
light emission, and lasers. Rare earths cannot be substituted for other materials. Rare
earths are used in large amounts in information devices such as smart-phones and personal
computers, home appliances such as air conditioners and refrigerators, electric vehicles and
hybrid vehicles, and support the modern society. China produces 80% of the world’s rare
earth production.

The Chinese government’s electric vehicle preferential treatment is the policy of killing
two birds with one stone. China’s electric vehicle incentives not only resolve exhaust gas
pollution in urban areas of China by reducing the exhaust gas of gasoline vehicles, but
also mean that rare earths such as China’s native neodymium turn into strategic weapons
that dominate the world. Currently, neodymium production is limited to China, which is

essentially the only neodymium producer in the world. The rare earth such as neodymium
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is an essential metal for the magnetic material of the electric vehicle, and so far the electric
vehicle cannot be manufactured without the neodymium. If a gasoline vehicle running
around the world is converted to an electric vehicle, China’s rare earths will become the
strongest weapon overwhelming the world. Developed countries such as Japan, the United
States and Europe will be forced to make tough decisions as to whether they will go to
China’s military gate or give up production of electric vehicles.

The rare earth deposits present in the world have the disadvantage of being mined
together with radioactive elements such as uranium. However, China’s rare earth deposits
do not contain radioactive elements, as they have weathered and flowed out with rain over
millions of years. This is the reason why China has become the world's largest producer of
rare earths. China is aiming to conquer the world with minor metals as a strategic material.

By the way, the production of cobalt, which is a minor metal, is almost exclusively done
in the Democratic Republic of Congo. Many of the cobalt mines are dominated by Chinese
funds. China’s national strategy for minor metals is steadily expanding even for minor
metals not produced in China. Innovation, like China’s rare earths, is not only dependent on
scientific and technological progress, but social selection by the intentions of the particular
country or human society dominates the evolution and rise and fall of innovation.

The research targets of this paper are vanadium, chromium, manganese, cobalt, nickel,
molybdenum, tungsten, strontium, zirconium, niobium, palladium, indium, antimony, barium,

tantalum, platinum, bismuth, cerium, praseodymium, neodymium, scandium, and dysposium.

In this paper, as a result of researching innovation on minor metals, the following
conclusions were obtained.

1 Minor metals have extremely geopolitical risks that are significantly affected by the soul
of nations and social trends. Even if science and technology relating to minor metals
has made rapid progress, the nations and human society suppress that the innovations
progress.

2 Innovation grows exponentially. However, due to the insurmountable command from
human society, the innovation accepts linear growth. Innovations driven by linear
growth will increase the energy that resists human society.

3 Driving force behind the evolution of irony innovation, which was cultivated during the
“progressive growth” period, is the starting point of the “inflation of innovation”. When

it reaches the threshold, “inflation of innovation” begins.
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Minor metal innovations for vanadium, chromium, manganese, cobalt, nickel,
molybdenum, tungsten, strontium, zirconium, niobium, palladium, indium, antimony,
barium, tantalum, platinum, bismuth, cerium, praseodymium are very similar.

The average inflation period of the 19 minor metals is 8.0 years, the average inflation
start year is 19974 and the average inflation end year is 2005.4. There is very little
difference in the inflation of these minor metals.

Different minor metal innovations that compete with each another have clearly the
same process and timing of growth and extinction, and are clearly convergent evolution.
The convergent evolution of minor metal innovation shows the depth of the relationship
between human society and innovation.

“The inflation rate” is directly proportional to “the inflation period”.

The rapid growth “inflation” does not exist in the innovations related to neodymium,
scandium, dysprosium and there are no extinctions in the three minor metal innovations.

Without rapid growth of innovation, the extinction of innovation is delayed.

The expansion of the scale of innovation provides an environment in which many
new technologies can be fused easily, the fusion of innovations by combining new
technologies becomes intense, and innovation advances explosively. As a result,
expanding the scale of innovation shortens the life of innovation.

Shortening the life of innovation accelerates the birth of new innovation. The speed-
oriented modern information communication society dares to shorten the life of
innovation and accelerate innovation, and as a result, innovation evolves.

Innovation receives strong oversight from human society. If human society deems that
innovation is not useful in the future, human society will be cruelly extinct against the
innovation that has been brilliantly active and brought great benefits to human society.

Autophagy begins in the innovations that are declared extinct, and the innovations are
broken down into new technology elements.

After major innovations, discovering new ideas becomes difficult. In order to give birth
to new innovations, old common sense and old theory are destroyed, and “anagram of
technology element” becomes active. Anagram of technology element is reuse of past
technology element.

Innovators who know the essence of innovation continue research and development
even after most people leave, discover new treasures from the extinction of innovation,

and experience that extinction of innovation is the same as the birth of innovation.
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Social selection should follow “Innovation triage” that society decides fairly, not first-
come-first-served basis.

As nations, platform companies and think tanks will be able to control social selection,
innovation can be born and extinguished by nations, platform companies and think
tanks

The advancement of science and technology is important as the meaning of the gunshot
that innovation starts, but science and technology do not promote innovation. Even if
science and technology progressed dramatically, innovation does not occur unless “social
selection” responds to the progress.

Shift of innovation becomes more intense. In the next society, only those who can adapt
to that speed can survive.

Human beings are relatively slow in evolution. Human beings cannot cope with the rapid
flow of the modern information communication society, and often cannot sufficiently
absorb valuable information. In order to avoid that, it is the abuse of “social selection”

that human beings artificially kill or delay innovation.
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Abstract
Advancements in systems simulation over the past decade have propelled simulation
into a new position as a decision-making tool in Industry 4.0 applications. This paper
addresses the specific benefits of simulation which can be utilized to enable greater
flexibility in decision making in the Industry 4.0 environment. It is stressed that
both discrete event simulation (DES) and agent-based simulation (ABS) can be used
to represent complex interactions in a fully integrated set of virtual and physical

systems.

Keywords: System simulation, Industry 4.0, Operations management, Discrete-event

simulation, Agent-based simulation.

1. Introduction

Over the past decades, simulation has played an important role in operations management as a means
for evaluating systems, comparing alternatives, and optimizing configurations. Information technologies
are extremely important for enhancing the performance of simulations to provide potential benefits
to Industry 4.0 implementations. In this regard, advancements in system simulations have propelled
simulation processes into a new position as decision-making tools in Industry 4.0 applications. In this
paper, first, the digital industry technologies embraced by Industry 4.0 environments are described.

Second, an example of a decision-making process using simulation in Industry 4.0 is proposed. The
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*Professor Emeritus, Nagoya University; Professor, Faculty of Science and Engineering, Chuo University

Keywords: System simulation, Industry 4.0, Operations management, Discrete-event simulation, Agent-based simulation
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paper illustrates that based on variety of data utilization methods, symbiotic systems can be designed
to represent physical systems that include various types of computing resources. Finally, a detailed
introduction to symbiotic simulation factories is provided. Symbiotic simulation is one of the driving
methodologies for rapidly assessing and predicting the impact of changes in complex manufacturing

systems.

2. Industry 4.0 and Digital Industry Technologies
2.1. Industry 4.0
Simio describes the concept of Industry 4.0, the fourth industrial revolution, as shown in Figure 1. Here,
“Industry 4.0” refers to industrial change based on the digital revolution. Widespread mobile internet
services and powerful computing devices and sensors allow companies to gather, store, and manipulate
data at an unprecedented level. The evolution of technologies has allowed greater integration of
operations management with data collection because the collection and sharing of large volumes of data
have been made easier using the Internet of Things (1oT). This has enabled the rapid dissemination of
Industry 4.0 and its adoption in a wide range of industries outside manufacturing (Takakuwa et al. 2019).
10T is a technology that enables the processing of real-time data through microcontrollers and
servers. Industry 4.0 technologies based on the digital revolution lay emphasis on real-time (or near
real-time) situational awareness of operations management. In operations management, varied loT
technologies are being developed to support efficient and effective decision making, which is required
to survive and prosper in an Industry 4.0 environment. Yang and Takakuwa (2017) illustrated two types
of integration in smart factories in the Industry 4.0 environment: vertical integration and horizontal
integration. The former is an integration ranging from top management to the shop floor inside a factory,
i.e., this integration occurs at the company, factory, and process level. The latter is the integration
between suppliers, sales and distribution departments, and customers. Horizontal integration enables
direct communication between suppliers and customers. Yoshida (2018) presented a new data collection
system that demonstrated an intensive connection with the surrounding physical system and simulation
models, as shown in Figure 2. An advanced man-machine interface was designed to collect real-time
(or semi-real-time) data from a physical system. According to this study, the simulation model was used
to query data from remote physical machines to update parameters and subsequently aid in optimizing
later operations. Incorporating [oT devices such as data acquisition sensors with simulation enable the
required processing of real-time data. The collected data are then used to adjust parameters and perform
simulation models. Thus, the simulation model can represent the physical system and can be used to

monitor the behavior and optimize the future behavior of the physical system.
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Fig.1. Schematic of the evolution of Industry 4.0 (Simio, 2019).

Physical production system Simulation model

Fig.2. Real-time data collection using sensors [5].

2.2. Digital Industry Technologies Embraced by Industry 4.0

The main purpose of the Industry 4.0 environment is to improve production flexibility, quality, safety,
and customer response through use of digital industry technologies. In other words, digital industry
technologies have in this regard transformed manufacturing from production automation to autonomous
manufacturing. Additionally, the capability and sophistication of digital industry technologies have
increased over time. With new technologies continuously emerging, digital industry technologies have

been adopted by Industry 4.0 organizations in the following categories:

- Robotics and autonomous machines

+ Advanced visualization, including augmented reality, virtual reality, and mixed reality
- Sensor technologies and industrial 10T (110T)

- Cybersecurity

+ Cloud computing and software as a service

- Big data analytics

- Additive manufacturing
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+ Vertical and horizontal integration of systems

+ Simulation

The digital industry technologies described above are being adopted by various industries
within and outside of manufacturing (Gunal 2019). These technologies have improved organizational
capabilities with respect to data collection. Integrated devices such as mechanical sensors are becoming
more commonplace because varied business data can be collected and employed globally in real time
(or semi-real time). Additionally, data combined with advanced analytics are used to derive insights
from real-time data visualization and subsequently make predictions that can improve business value
and automate critical business processes (Familiar and Barnes 2017). These technologies are used for
increasing production quality and diversity, optimizing processes, and decreasing costs in manufacturing
systems using smart systems. Data collected on supply chain management, customer behavior, marketing
campaign performance, and workflow procedures among others are also widely available virtually.
Therefore, these technologies have led to broad transformations that have in turn given rise to the
Industry 4.0 environment.

Although digital industry technologies are prominent and contribute to the Industry 4.0, they remain
a growing area of development. Continuing technology developments are inevitable, and operations

management should embrace them in a bid to move forward in this environment.

3. Simulation in Industry 4.0 Environments

3.1. Areas of Industry Using Simulation

Computer simulations, referred to simply as “simulations,” were initially used for the analysis of
military assignment problems in the 1950s. Later, many corporations employed simulation processes
to resolve complicated operations issues. During the third industrial revolution, simulation was widely
disseminated giving rise to material requirements planning for developing manufacturing planning,
purchasing, and effectively managing factory activities. By the late 1980s, because computer graphics
simulation animation became an important factor in decision making, simulation processes developed
into a popular and powerful method for industry planning. Previously, the simulation process had been
extensively applied in different areas; the following are examples of industries where simulation was

applied:

- Supply chain: contingency planning, production allocation, inventory positioning,

riskreduction, and transportation.
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- Manufacturing: productivity improvement, personnel planning, product mix changes, and
capital investment analysis.
- Emergency response system: response policy, routing, resource allocation, and personnel

planning.

Advancements in simulation-related hardware and software over the past decade have rapidly
upgraded. As large volumes of data can be continuously provided in real time or semi-real time through
simulation modeling, operational logic can be described in detail at any level desired. This allows
companies to animate and understand real system behaviors more easily. Thus, simulation was identified
to support Industry 4.0 technologies combined with data warehouses, manufacturing execution systems
(MESs), enterprise resource planning (ERP), and user-based systems among others. A general view of
the different components working together in Industry 4.0 environments is shown in Figure 3. These
components communicate with each other to achieve a common system objective, for example, in
evaluating alternatives and predicting and improving the performance of a system in both long and
short terms. Further, simulation models can be designed to solve complicated problems associated with
Industry 4.0 environments. Gartner (2012) noted that a mobile client linked to cloud-based analytic
engines and big data repositories can potentially enable the use of optimization and simulation anywhere
and at any time. This new development provides simulation, prediction, and optimization alongside other
analytics, thereby facilitating greater flexibility in decision making regardless of the time and place of a

business process action.

Fig.3. Schematic of different components working together in an Industry 4.0 environment.
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3.2. Decision-Making Processes Using Simulation
An example of a decision-making process using simulation in an Industry 4.0 context is shown in Figure
4. The steps involved in decision-making processes using simulation are described below.

[Stepl]: Data preparation involves requesting or extracting data from data warehouses, MESs,
ERP, user-based systems, and/or other physical components. Data can include information
regarding the historical demand for products, machine status data, and data linked to decision
makers or actuators.

[Step2]: Data analysis is responsible for providing appropriate data to step 3. For example, demand
forecasting results can provide ideas for efficient production planning. Because of the
objectives of decision making and the characteristics of data, such as volume, velocity,
variety, and veracity, advanced analytics are capable of performing data classification, such
as grouping, sorting, filtering, and integrating.

[Step3]: Input data preparation is a basic step traditionally applied in system design applications.

[Step4]: A simulation model is created that represents real physical operation systems. In this step, a
simulation model is required to successfully access data prepared from steps 1 to 3.

[Step5]: Simulation results are outputted to make short-term or long-term operational management
decisions.

[Step6]: Simulation results using an appropriate machine learning method are further required to learn
and make necessary data adjustments for the next step.

[Step7]: Evaluation of simulation results gathered from step 6.

The capabilities of simulation languages have also increased. Simulation techniques such as
discrete event simulation (DES) and agent-based simulation (ABS) are major methods implemented in
decision-making processes. The most basic form of simulation has been applied DES since its creation
in the 1950s. In DES process orientation, “entity” is a generic term used to denote any person, object,
or thing whose movement through the system causes changes in the state of the system (Pegden 1983;
Pegden et al. 1990; Kelton, Sadowski and Swets 2010). In ABS, however, the use of “object” allows
modelers to reduce large problems to smaller, more manageable issues. Objects represent machines,
conveyors, forklift trucks, and aisles (Kelton, Smith, and Sturrock 2014). Objects are used to improve
model reliability, robustness, reusability, extensibility, and maintainability. As a result, overall modeling
flexibility and power are dramatically improved. ABS is now a major method used for constructing

models.
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Fig.4. Decision-making processes using simulation in Industry 4.0 environments.

4. Benefits of Simulation in Industry 4.0 Environments

The significant benefits and role of simulation in an Industry 4.0 environment are detailed in sections
4.1 and 4.2. In an Industry 4.0 environment, planning and scheduling activities focus on how to generate
an intermediate and precise plan or how to generate a schedule from computerized information, which

include complete representations of operating constraints and custom rules (Smith et al. 2018).

4.1. Integrating Various Data Sources with Symbiotic Simulation

In the current age of Industry 4.0, a variety of data types related to customers, orders, and machine
operations can be collected and shared more efficiently through powerful computing resources such
as extensive sensor networks, wireless monitors, and embedded machine learning. An example of
the selected resultant input data for the symbiotic simulation of an actual container terminal is shown
in Table 1. A symbiotic simulation driven by real-time or near real-time data allows for cooperation
between virtual and physical systems. Simulation with various data sources can enable better
performance prediction of utilization areas and bottlenecks.

Effective data flow can be applied to the simulation modeling of an entire product life cycle and its
value chain. The difference between simulation objectives in Industry 4.0 and 3.0 relate to the flexibility
and accuracy of simulation results due to data requirements and their acquisition. Thus, the speed and
flexibility of data collection and processing combined with other computing resources are critically

important for symbiotic simulation modeling. In order words, although symbiotic systems present a
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useful system design for representing physical systems, including various types of computing resources,
there is a need for data utilization methods to integrate different data sources before performing
symbiotic simulation models.

Technological advancements have made the collecting and sharing of large volumes of data a great
deal easier, in addition to facilitating its application to models and evaluating various possible scenarios

to predict and drive outcomes (Smith, Sturrock, and Kelton 2018).

4.2. Rapid Assessment and Prediction of the Impact of Complex System Processes

Industry 4.0 includes terms such as “smart factory” and “smart manufacturing,” which redefined the
concept of “factory” as a fully connected and automated manufacturing system. In smart factories,
autonomous machines can exchange information electronically and continually. This communication
enables symbiotic simulation models to collect more usable data, such as machine processing time,
production speed, and maintenance status. Simulation is a powerful tool for evaluating the interactions
between machines and optimizing manufacturing systems. Thus, the extensive range of applications
presented by autonomous machines and robotics is a core aspect of simulation in Industry 4.0
environments.

Because of the level of automation and autonomy in smart factories, however, symbiotic simulation
in Industry 4.0 environments faces more challenges than previously. The manufacturing processes in
smart factories have become more dynamic and complicated. Complex system processes in smart factories
present challenges for operations managers when unanticipated events such as material delays, machine
breakdowns, and system failures occur. Therefore, different configurations and settings are needed to
enable operational flexibility in smart factories. Operations managers must adapt to changes pertaining
to machine status, priority orders, and various scheduling rules among others. For instance, an arriving
entity should be immediately assigned to a machine regardless of other entities already in queue for
processing by the same machine. Additionally, when failures or machine breakdowns occur, a substitute
machine should be immediately assigned to the entity held in the work-in activity using symbiotic
simulation models. Further, the assigned worker will need to cease his/her current processing task and
a different on-shift worker should be assigned to continue processing the ceased work. It should be
noted that symbiotic simulation factories are able to link physical and virtual environments. As a result,
symbiotic simulation is one of the driving methodologies for rapidly assessing and predicting the impact
of changes in complex systems. In summary, simulation is prominent in Industry 4.0 environments and

aids in optimizing complex system processes, which is one of the advantages of using simulation.
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Table 1: Selected resultant input data for the simulation of a real container terminal [6].

(a) Importing process

(Operation types: UL and TU)

No.(Priority No.) Container No. Vessel No. Berth crane No. Real llme of loading Truck No. Realtime of handiig instruction for
completion for a truck a cargo-handling machinery
1|TRIU8380996 STNG 1] 9.18 |KR024 9.06
2|NSSU0072627 HTYO 4 10.71 |TX170 10.69
Real Time of last job finished for a | Cargo-handling machinery Real time of job finished for
cargo-handiing machinery No. Block No. Bay No. Row No. a cargo-handling machinery
9.18 |TC11 1F 15 4 9.29
10.62 | TC11 2F 12| 3] 10.80
(b) Exporting process (Operation types: LD)
No.(Priority No.) Container No. Cargo-handling machinery Block No. Bay No. Row No. Real time of hand!ing insuup«ion for
No. a cargo-handling machinery
1|PCSU2120915 TCi8 2C 40 5] 10.98
2|PCSU2108036 TC18 2C 40 6] 11.01
Real Time of last job finished for a | Real time of job finished for
cargo-handiing machinery a cargo-handling machinery Truck No. Berth crane No. Vessel No.
11.01 11.03 |KP118 V4 HTYO
11.03 11.06 | TK136 V4 HTYO
(c) Handling between the same bay in a block (Operation types: RS and 1S)
No.(Priority No.) Container No. Ca'g"'ha”d,i:';g machinery Block No. Bay No. Row No.(from) Row No.(to)
1|CRSU6022868 TCl1 1F 17 2] 3]
2|YMLU7415614 TC11 1F 10 2] 3]
Real time of handiing instruction for | Real Time of last job finished for a | Real time of job finished for a
a cargo-handling machinery cargo-handiing machinery cargo-handiing machinery
8.80 8.80 8.87
9.36 9.34 9.43
(d) Handling between different bays in a block (Operation types: 1B)
- N Cargo-handling machinery
No. (Priority No.) Container No. No Block No. Bay No.(from) Row No.(from) Bay No.(to)
1|CKLU4107919 TC30 3E 07 04] 04]
2|PCLU4050914 TC30 3E 07 05 04
Row No.( Real time of handiing instruction for | Real Time of last job finished  for | Real time of job finished for
ow No. (to) a cargo-handling machinery a cargo-handling machinery a cargo-handling machinery
05 7.57 8.32 8.36
04 7.57 8.36 8.40
(e) Handling between yard station to outside tractor (Operation types: SO and D)
- N Cargo-handling machinery Real time of handling instruction for
No.(Priority No.) Container No. No. Block No. Bay No. Row No. a cargo-handling machinery
1|KKTU7880852 TC15 115051 15| 05| 8.41
2|DFSU2085042 TC15 1J15022 15| 02 8.41
Real Time of last job finished  for | Real time of job finished for
a cargo-handling machinery a cargo-handling machinery
8.63 8.67
8.67 8.69
(f) Handling between outside tractor to yard station (Operation types: Sl and R)
.- N Cargo-handling machinery Real time of handling instruction for
No.(Priority No.) Container No. No. Block No. Bay No. Row No. a cargo-handling machinery
1|SNBU2114676 TCl1 2F 33 02 8.50
2| TRIU8B666969 TC26 2E 27 01 8.51
Real Time of last job finished for a | Real time of job finished for
cargo-handiing machinery a cargo-handling machinery
8.52 8.57
8.55 8.58
(g) Container attributes
Container No. Size Type Height FE(Full=1/Empty=0) Weight Vessel name
PCSU2120915 20/DC 86 1 15563|HTYO
CRXUB921757 40|RC 86 1 28900)JID
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5. Conclusion

@)

@

&)

4)

Digital industry technologies, in particular, the 10T, which enables the processing of real-time
data through microcontrollers and servers, in Industry 4.0 environments were described in this
paper. The importance of Industry 4.0 based on the digital revolution was highlighted in terms of
improving real-time (or near real-time) situational awareness of operations management.

Digital industry technologies are prominent contributors to Industry 4.0 but are still developing.
Technological developments will continue, and operations management should embrace them to
progress in this new environment.

An example of a decision-making process utilizing simulation in Industry 4.0 was provided. Using
current data utilization methods, symbiotic systems can be designed to represent physical systems,
including various types of computing resources.

Symbiotic simulation factories can be linked to physical and virtual environments. Symbiotic
simulation is one of the driving methodologies for rapidly assessing and predicting the impact of

changes in complicated manufacturing systems.
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JEDO/RNEREREDIR T2 726 L2 E0HT LTS, A (2004) 1%, Wi OAMEIEED LA
HHL, T28LVA—D—O/Neiaii 7t 2 e LT, ARIEORLHEHZ I L TWb,
Agetkre & LT, OB AE, @/ seflikgike, Geomiiiz, @homEr (e R
TR &), Gk ) W % BT, 70 LAE ORI O L RLIC X 2RI EAIC L 5
T, Q@ BEIZEVE) 2FHoTWAT ALV A=A =, O~@%HEI LI hozZ L
ZHLNIZL TS, THHDOANEEENDRIGZ T MU 2 HE5E D T TV % v 2 A58
ZEIE I NS 2 DONTE & BHIED =

Mg (2000) 1EF % ANV T AT LD B, SCMOERiR# % 3 5 HARKI 18
TR5H Lize Bandll, BRSREERX, ~—27 57 v olEITIE, FBEXHICL-T)I A7 %
A= —IZHDELHMAL o THY, MR RBICH S Ao TVWE L%
HHEMIL TS, £ (2003) 1 Z&MHlORTLIAEFRTH S, HALAITHE N EZ ST,
ZOWRA N ZALIZOWTHIT LT 5B, FRCHEIEICBT 550 (6 ke, 1E
B, FIEEE, PEmBERE) ANELE A2 AHN G kL Skt o2 E 2SI
LTwd, 2 (2010) 3H5EY A 7 ORI L LRl Z kv, FIZZoh TR 5
72, T=NVED [F )= ay 7] ORGEEECINGHITOWEZHELTVE, 21—
Ta v T TORY L ZDOHOERKEIZT =V FOSPAEFUANOIHREFRTENE 2> T
By, FEEATEELZMEIIEMILLZY A7 AHEMNEEL G272 L2REL T,
BroEH (2010) 13, RHOET ARV AT LERIZHT 57 — A58 217> Twb, TOHT
HENEDS, a7ar¥y y Azt AL EHEEROEE D720 205 15 % 5l L THLA G b
52 LICEAS I L ERRIT 50 FERNIZ5%ETF ¥ FETNVET L) EE LT
By, BEIESERINEEEEZ T Y- YL TELRIEEZRL TS,

ARV =Y a VARATAY POGFHE TR T I F 2 =<2 T XY MIRIZB W THE
N TFTET NI X BRGEIDOGHAITONTE /2 1990FEREE LD, $TIFIAF -7 %
VAL MG REREN 2 EBRE R E L2 on s, SHENERIELZRIIEE LD
OHFHLE R 5 TEZ, TNODOHETIEY — 2 HEER— ALY ET NV EH-> T, #
LT T I F = — Y ORBLVGH ENDo HT T4 F = — ViR HIEM - BFERIIH
Feflikg, WMt CHEEDOGMREDIST A =52 X > TRFE L7720, L BRI L —
Y a Y ORBIEOGHICH SN L Rianiilld < O LAV RBHENE D 5% < ORFZED
ENTw5 (Pasternak, 1985; Marvel and Peck, 1995; Padmanabhan and Png, 1997; Emmons
and Gilbert, 1998; Lau and Lau, 1999; Donohue, 2000; Webster and Weng, 2000; Tsay, 2001;
Tsay, 2002) F 7zE4ETlE, VY A7 NEATEHOME/EMICEH L72€ 7V (Ohmura and
Matsuo, 2016), %774 F = — Y HF 2 ZE L72ET IV (He and Zhao, 2012), %774
F . — VN ER ORI Bk 2 Z B L2 €5 (Yue and Raghunathan, 2007), *—%# —
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12X DM g % % 8 L7287V (Bandyopadhyay and Paul, 2010), *— 7% — O
ADF A4 I v T xRERLZZETIV (Matsui, 2010) 7% & TRFBFIOFEAIEIZ D W THIZES L
TWwb,

FRL =23 VAR I A Y FOWRIZZ L 235 ) FXRAE (a7 LAY —Z/RE) oW
TIAF 2=V RAHRE LTSN TS, LA LIEEOKHENOREGNEOMBIZ LY,
HOWFELZRR (N7 LA Y —HR) O T 54 F 2=V DEF VLIRS N TS (Wang
et al, 2004; Lau et al, 2008; Liu, 2009) XL —3 3 ¥ A< A I A ¥ h TR EESN /2
ETFTNVTH LD, HAOHEE DR % 583 27201213 2 O EWFLRE O E 7V O55H7
DA R TH %o AR, HAROEENE OB % 53 2782 H ) =h3s, F XL — 3
YARFRY AV POWISIZBVTIZZ OHWTELERE 7T VAIRO RIS ED T b s,

3. BEEETINLILA—H—DRIEDOETIE

3.1. BaEOHETE ) FET IADICH

W iiliE 2 DB 2B OB XY, Ll e BEREA, ZEUEA, et A GEL
tER) 7% ENFEAET B o 19544 D RIEIG IR H X O TR EPUE A BT 23801235 % 8
ML E 2 Y, TEUEA, HALEA LR EQRMIZOWTEN RN LR SN TS, Zhi
TRt A, AL AIZIHBEEP AT 2 L CRERIEE [EARTH W] 720, B A5k
o2 cOTH b, TOIDARIEDRMFNIZELEA, FHEACRITL, SEDEN S
NBMGEAITE o T (1) FITHALEARIERLTH Y, HEOHAZBVWTHE
JiE OFIZEFART & Ranfill 2 0 < % i HALEA Z R IZAT DTV %,

®1  BEEOEANWMEDIEBRLEDEE

EUITIWN ZEtt A ALt A
1955 67.5% 20.2% 11.8%
1975 51.5 29.0 22.3
1995 344 32.7 36.5
2000 10.0 40.0 50.0
2011 *2 5-8% 25-35% 60-70%

1L (2003) OHEEME
2 EE - Wi (2011) OHEREA

Tt A S LA (GEFAEA) (ZICHRN 2T ADRET 2 A TH S, @G
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LAt AP OB OIRE R WAL T ERESHIT 20120 L, 78 AEAIIBs R 0K
RPWRIA =D —DPHEMPT LI ETH L, LH (2003) 12X 5L, ZTithAOEA, FIEPCRE
B L CIEEREDSEEREEZ T I LAREINTV D, ThEFHETY FET VST
5L, TR AIZRHEA (Buyback contract) TETFWMELTE, HLEARLR=2a—Ty
7 DZEELEH) (Consignment contract with Revenue share (Wang et al, 2004)) TEF VAL
THIENTED, RHHITH Y BA0, EOREMIZEDS A IV 7 THEEBREL TV
PHEFVON TIREE L 25720, T VLD R RERT %,

WY FETVERCERGNE, FIChThze)F (k¥ 2V-—Fy—-L 1L
Stackelberg7— 2 & LTEFZ LG EN D, V=¥ =, 4L T LAY =3B % o,
ZOZRCBECTHICERRELZIT) o LA LEEEOEMHNIB VT, HEIEOBER I
P & o THREEARCHLEAZEALTELZ LPUENELSWHOS2TH Y, HVTLH
BYy 7734 Fx2—r, 2F D HWTF (I5E) %Stackelberg) — ¥ — & L72ET NV THMTZATI o

AMEFENEDFE 2 TS H72D12, FMTEY FETNTIEY A7 MBEEZ ZEE L 72ET IV
e Tnb, VA7 HEHTE 2 M AaA G, VA 7 N2 58 LB E kb
5 L) ICKREEPBRIELIT A, FHTEY 7NV CRIRFHEERIC X ) A
a7z, VA7 EREETVE L TREEECTIRON L ITFRIHE TV O@EHAEEL V. 2D
729, AW TIEIEIRET N CTOGMEES T 5 PFEERETETVER VS, F 72/het
Bogug e GOHmME) FETF VR, TGOARHEEEZ XV —A 5L T5, Zhb
EFNVOMAEDEIC L D250, BHEFT NV CTOGNMPED B S LA (Tsay,
2002) TRENTBY, KRB THRHT 5. HHETLH FETVIIIMKA 2ERKEZETMLLZ:
N) L= 3 YHPMAET 505, L OWh, BHETVTOGIICHRAED ), 5HD% %
BAHIRAT IS Z L1273 50 AWFIETIRBEAE OB S % 5047 3 2 BRI e T 5 72, Kl
M2 LEE LW TR L THRHETVEREL TV,

32. phETIV

T ORMEFEEEZ RV =L A TETMMETSZ (1) HEOEKSTHEZMBOY
(apta) TEHEINTBY, TRENMHERLIEL-ATERT L, FEMBOMEIILTH S,
Wiatitq, /Neflitsp Th ) TFEOBEAH ST o L BICRES N,

HEIE Uh5E) ET728b VA= — () d2hehY A7 g EE L 72
Bl U CPERER 2= OMERE T AMS valueZ i KIbd % & ) ICEEREEIT) MS
BIEUZY) A7 ST X — F kI & o TFY OWf#HE) EBEERAO L — P+ 72RL
MS(z) = E(z) — k * StdDev(z) (z\3FEHRER) L%, ZOMSBEIZNV X — A1 54 TETF
WELENTZFEET NV EMAAEDESLZ LT, FEOFBVKEOH LT, L IRWIRFOF T, %
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an

1 =BT

WTIRD L HIZEHETE S Z LA Tsay (2002) 12X > TRENTW A,
MS =Am;+ (1 —A)m, ,where A=21+kJA(1—21) for A<A<1.

COK, ATV AT FABENTMERERRT 5 ENTE D, AT A7 BUERED T S
NIZEEZPMBEENT VD, THEY A7 THNEH HITE, ABPKEL BT LER
LTwb, MSEBUZABET 5L, YV AZELENZR T LAY —I3HEEOIRIATE Z 5 W1
HrHhmE ) bECAML L LEV) T LNTE S,

BHIDOETFIVIEEWTFTH 5 A)E % Stackelberg!) — ¥ — & L2570 b avzHwb,
it AldBuyback contract& LTI 2 DX HICETFMLEN L, ST OXR— R &7 5 HIUL:
AEIBGEHI B IR TE WA TG 70 b 2 VIR %O &R E R 5 720
Thbo F72iH btk AiZConsignment contract with Revenue sharek LT3 D X 9 IZEF
MEE N 5B, 50T Tld 2 oD % - TR % KD b Backwardf » %7 ¥ a v 2 w5,

M2 : ZFFELAOBWEIET IV
W S8 G
1. 728b VA=A — EHRIEETHORE (B, ap,a,A) &) A7 B (ky, kg) O
WwELAET S
2. ERNIEEFEMEw & fE s & PUET %o
Vo HBIEET SV A = — ORI R 5 ERy, W 2T & ) ISR EETD
W W i
3. HEFHOLMPICED (P apdihE D)
4. HEIEPFITOMERE R ZHll# & U CTNEMipieny & WitwEq 2 RET 5
W Wi i i
5. ERIEIEFEIRD AL 2L AIE TR T 5
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X3 : HEEADEEIEF IV
W e R
1. 7RV A== HBREITHOFRE (B apa,1) £V A7 (ky, ky) OHR
2HATD
2. ARERLARZ 2= =27 OHEEr2IET S
v TNV A—H—REERsFET S
W Wi i
3. WEFHLNILD (b adiikE )
4. TRV A =D —=DFILOTIEM R s & HlF & U CTREIE pieny & ot mq; 2 8T 5
W Do Ui i
5. HEERR LD B, rOFEE TNV A= =2 5LZIT 5

KFFEEFNTEON D20, “ODRIREZEVT VS, 1 OHIFHEMY7-) kg R b &
ALY ) EERF I A 20 L IETHIETH D, TOWEIX, T/NUV A= —LHE
JEAS, UEEMICBVWTHRETIEARLEE (2D X7 E2ZBLC) 2RAMLTHILERE
IRL T, JiE (2000) (2 &iud, [RIEIESHY | EWHEFICED, EEIEFTHRIC X
AR EIEL, TSIV A=A —IZRITEZ LA AR ZRET 2 & v ) %
ENTVZEEDLNT VDS, TOX) LHEBERBICL 2EIPITONLIG]ITIE, Faio T A
FEKNTHLHE A b EAEERFFI A P2 BB LB RENHE L o722 LN SN D
B, BARICR ERALE 25 X9 L RERESENTE NI OWTIEHAL A TIE RV, 2
D HIRZFEAIZB W TN OREZ HEEIToTWwb I e Th b, BAAMEICL S L
INGEAIAE DPENE T 7SV IV A —F =B EEWIA T TE L LIS TH D, TOEIKT
KD EFNVIEADORG | LBEE LTS EIFF Vv, KETTRTEY, HREIRET
AT O/ OTEIH L TR LA RALT 2 L) ke En b, T/SL L A —
H—=bHH L TR EARAMET 2 EEREE LT L g, b LI, AEEEORE
T/NFAIE AT SN TV EIRET 2 2 L B WHETH 275, /N DULEDERIT DN T
&, SRS LETH S,

4. ETIODHERERDEH
41, BRMEA GRETELHWVWER) OHH
HAE X EITE MRS w & AR s & B ORI 258 LRy, 2729 £ ) ICHRET %o Ry
BEBTH Y, HEIEO/NEMiEp E R EqDOBEEREITRERZ G R RV, ZD0pk

qRFLEOFHBEEINZENOLE TR EZRRET 2 L) ICRES NS, EHEEIZOWT

_87_



BT REREEIE 2l

/2 <s<ap/2%WETHE, ABREOMSEEMSYIZLIT &R 5,

2

Z—lﬁ)+(1—AR)(sahﬁ_s)—RM

MSY = AR<

ZZTdMSy/ds = (1 — AR)(ap —25)/B >0 (= a/2 < s < an/2) &b $72d*MSg/ds?< 0
THAHND, WHIAKES =a,/2TH b, s<a/2%WELRYE MSEEIZKAT 50
T, UL A OB R sy = ap /28 5, HFEMEwWIER,Z 72T LI ICHESNE DT,
Wy =2Ry/an TH 5B, 2F ) HRIEIZEIUEAICBWT, THOFEIIELE TRARMEA
T, EITEMiIE 2 TS 2 2L TT /L IV A — ) — ORARBRLE 258 L2723 O & 7
5o

»

42, ZFEEADHH

WRWEETH S Z 0 s, AR/ EMMEp & Bt qic oW TR L2 RSS2 L)1
WET Do Lo TRHREDRH VYT ) ADPEI LG O EARKILT 5 X 5 IR D
PEEIND, DFVNsp=a,/28 %5, BMDPUWEETH 2720, TEMENTF ) FHRFEHL
BT, an/2 — /205 RENB T LB, G, TWEPIBVWYFIVIPERALZEOT
NUNVA =D =050 EEER EBLE, ZOROHEMBEW, = 2R Ja, &b, ZOEGE
tEADT 78V v A — 7 —DOMSBIBMSE K O E L NE OMSEIBMSE LT & %%,

B _ (% _ %) (2R _ v o4 a (an—a)
MSM—AM<R (2 2) o +(A-ADR =R (1-Ay -

al 2R’ ar , (ap — )

,3
,wherenp = Ag <4ﬁ>+ 1- AR)< ﬁ)

AEMEIET 2SNV IV A — 1 — OFRARBRYZE R 58 LR, 723 72912, EI5E itk wy & MSE =Ry,
LB EHICRET ZUEND L, T THIMEAD Y — A TORIKRLE 256 LR, L L
fERy = whap/2% T/SLIV A=A —=RD B EET S &, (wean/2)(1 — Ay (an —a)/ay) =
wyan/2 £ 0, wg=wy/(A=Ay(ap—a)/ap) &R %o 22 TO< A=Ay (ap—a)/ap) <1
THINS, wyg >wy &b, TIITEIAD S REERIIBRITT A1, 7/5L IV XA —F —
DRARRVEE 258 LA KMERET 572012, ARG IZHGEME Z LA SE20E»H L L E2RL
TWwb, L2 LARIESHEME % FH ST, MSE =Ry, L7z LTh, HEUEATOR,
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PAMEEREZEDL LR VERTHLDIIK LT, Btk ATOMSEIX, FEOBKDO Y F 1+
Lo TRRLMZRTAMELEEZEIMTHY, THT7/LV X —=h—D1) A7 BRI
HFTHMHTHDLI EITEENLETH b,

3. HIEEAD

THNRUVA=H—=FLRZ 2= =T OHEErZFES L LT, BLEERAET S X9 I1T/E
i, WoEE, EHEEZRET S, Lo TT /LI A= —OMSHEMSE & OHEEOMS
MEBMSSIILL T & %25,

2

4B

2

) a-ma - ()=

MSM-AM(l—r)< 3

2

MS§ =ARr<4ﬁ)+(1 AR)r<4ﬁ> =7rng

2

2 2
,Where nR:AR<4B>+(1 AR)<B> and ny = (4ﬁ)+(1 AM)< B)

HREIEIZT SV IV A — 5 — DRAIRRLE R LRy &7z T L) IRy =1 -k & brEk
WET Do COLEErIUTOLIICR S,

CHE TNV A= — DRARRYEE 258 EAMINT 212250 T, ridild, 2F D/
MSBEDSBATH L 2 BIKRT 5, T2 ToullBIF 5, a?/4p L al/4Bl3FNENFEEOK
VIR ERBWIRORKDE LFHER LTS, DF ) yid, VAZEEENZZ TSV IV A —F —
RO ZOWHIH T L5, LTI F 2=V E&FET NIV A= —FoTWV5

BB ONDLMSEBERMT 2 L0TE D, ZLTr2RET S Ry/mulE, 778V IV A —
=%, G SRONLFEO EOREOHIGE, HEIEE DG TRDO LD %RT ., B
ZWESPAETNVEAT) TXL VA=A —=THIE, BOOV T I F2—rTnuiHsbl L
NTEB720, ARELRGITLIHETOEVEHGEZRLI L T27259, TOHE, ridik
Y5HZEI%Y, BREIHLE EEIEYT 5, THUEFREM SN HILEAIC K 2 H
BIEOFBEHRKTOWLELEL T b,
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4.4, HEBOLE EEE
2 E TN RBAEE R, HEME R &N s, TRENORKET VBT 5391 &
RODLIENWTEDL (K2)e TIVHUTDL) BIFRAIPROENS,

®2 BHEEE (BRETIV) DGR

HIUEA Zeattt A HALHEA
EIFEflitE w 2Ry /an Greater than 2Ry /ay, -
R s ap/2 Same as on the left Same as on the left
TSIV A —F —DMS R, (constant) Ry, (uncertain) Ry, (uncertain)
HEEOMS Ng — Ry ng — Ry (uncertain) (1 = Ry/mw)nr

OB T4 F - 2RRENIEKRTED
EERSIITRTORY Ta,/28 70, V754 F 2 — R TEZLLEORBAERD
MEINTVAEZLEIRENTVE, 8) FEMMOY T I 4 F 2 — Y OIHET VT, ¥
TIAF = — ORBLZLT LHEK SN (Ohmura and Matsuo, 2016) .

QOMBDOARERMDEEICEI - T, VRVEBHRETINLILA—H—IlE>TRELE

S5HEVWAEERMEDN H B

HIUEAD S ZEZUEADEBANICH 25T, ARIFIHEMEZ EASETIHR LA LS
TS (LPL :2003) BERIIIZHEHIEME 2 EA €52 L TP /8L X — 7 — Ok
BRALEE 258 B &G 723 2 L1272 50, Z ORMRRILE 258 Ry, A FE D E 7 )V TlIEIFEAl
Bzl U CGRHEIN TS, EEICHEMEIZAEE L 78V A= — L OB TRE S
NTWEEbNT W5, ZONEE, EBAHALICDH > 72 G E2SEIeitE 2 MR 2 2 L1
EoT, BHOLLIANZIBIE LEEZ LI ENTE D, Z OEIGEMEOMER:Z RSO
ETNVIIHBET B L, wp =wy =2Ry/a, THB0H, TI2NLIVA—5—DOMSEEMSE 1ZLL
TOEH %%,

’ ap, — a
M55==RM(1—AM( i{ ﬂ)
h

SOt MSE>MSE' LR, TNV A=A —RTEUEAEAICL D) Ry AHE RN
b, MSEEWAT 5. —HT, TOWPHEZRT Ay((ap — a)/ap) D5, THOAR
RSV (ap, ap, Ay (or D) IHRAE T B TH B Z EDBG 050 (ap — )/ ap T3 DOFEO S
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DHEEETMETHY, BEEIVNSVIZENSRliE LD, FARTFEOKNTYFY 428
HEZ DU FREEAME T E/N S WER LD, T/SL IV A=A =DV X7 IEEEATVN S W S/
SWiix & 5,

WA 2 5 604ER T TlE, B—MRRATAETH Y, T0HERLIE, T3V Wil d %38
FIZHIEL Cuo/c SbNTwd (N : 2004) 0 TFbAEADILATY % R 72RcHiY
DOAEEEIREL oz B2, TAAICL A ) A7 BTN E Doz TNHEENE
12X BB AL 2 U U 2z E0e ik M RE 2 21 AN O BEALADIL D o 7272 & & 2
HIZENTE S,

QMIEDTHEEMNETICONTISLILA —H—DSPAETFILADEBHPEE N S

— 75 T LR OMSB B DO BAMRIZ T OATEEEIBETIONTREL B L, T2V A—
H—EEEEEDOEFMEAL Y DMOIHET I, B LLIEFEIARETVEHET LI LI
Bho RWFEDETINTIE, NHOTFEZIIHET2EHR (B apa,1) 2T /5L A=A -3k
HLTWD, Lo TIPSO NLIMSEEN % M5 I LA TE L7720, SPAETF VIS
BITTAZLEDA) vy FOKEEHRIFEUAERTDH 5. Bt AICB W TR 2EH &
EHIWCHRBWGEHZ 7 /XL VA= =R LTV A I EDBAOLNTWE, DF DHEIIBW
ThH, TNV A=A —IZ/NED ) Iy it L, WihoNHefts 2 &P TE 7, Zattt
AL DY 27 GHDBEINT 2 LRI, 7SV IV A—A —IZSAPEFLD XY v |+ &R
L, EBT 27200 917 E2FEHELTWo7,

@OFINLILA—H—DREFENDEEVICL ) BEEEATEEEDOFERIET TS
SPAETFIUADEIIZL Y, TV A—=h =20 6NN NS 5 &, A
JE & OMWBNI B TERT 2 AR E 258 E R, 2SHIINT %0 IHALAE A BT 2 HEIEDOMS
BB MSE = (1 — Ry /mu)nrtE, RyPBNMC X 5> TRAT 22 L5 H 5%, ST THEETNE
1, ML A TOMSBEE OB, HILEAZD b DTIEZ% <, FARBRLELRTE ERIC X -
TH72HINDLIETH S, FERR SN L HRMEOFIRMT ITHALE AR 2 JE K T
%, TRUIVA=H—=DBSPAETN S LLWEH T IAF - AT AV MERBEEIESL T
LXK NERDZILET, LVEWIIEEZ HEIEICKRDL L) IR EMEKNTH
b ERMFEDOETIVIIRL TV D,

5. MREDE L ESEDFRE

AFETIE, ARIEOLmil & e SBAECE S TTHHEY FE7VTOL, LTD
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MRER LI O 7 T4 F 2 — R TIIRELEINSE 2 L, QSO MHEEEDOREEC
FoTiE, VAZABETHNLUV A= =12 oTRELBLRVIREENH L L, O 5
Wi OATEEEDETICONT /8L IV X —H —DSPAEFUVADIERPR I L Z L, @F
NUNRA—=H—DOEETIOREE DI XY BRamH GHEEA) 2BV THEEOFEEIMET T
HZl, THab,

AR L 77500 A — 7 — ORI T2 5 BT TR A RS oL 3hTwn b,
PRI ORFEREO RN IERIROEEIEH L, 605 TIEA—h—, BRI X DT
TED DHEREL, HBRBOBIMIILR LRI o2t EbNTwE, 2F D AEF L TOHYO
PHEFEMEA T R VBRI 572 8 B2 50 T/8LIV A — A —3RWIGEN 25O H MG & DL
FlD720, D) ATEIZTANL I LN TELLEZONS,

—HT0EALARE, Bt BRI X 2 TS U VIH B R OB X 0 BIESEHRLL, FEFWA
W& 72 o720 COBMNS, THRULV A=A —REEREICHES ZVWEYV R ZAETFTVEHBEL
HOTBY, TRV A—=A—THLT—=VEWR [F ) —ay 7] L) /Ng)kz &L
720 SHNIET =V FAVNGERREZ 2> PO =V TEL/NGEIEEWR, BOSPAETFTILADLH
LMY AATH B0 AWIEATRET 5 DIE—HINTHENH > Tz A7, T OAMEE
MOEEVICLY, BB THBETELRVWI A Lozl b TH D, WEOHEIEDR
il T, AEEHZFOBESARZERIC, B BmZFTrl, REGERE LTT /5L
WA —=H =M HNBAEEICESN TV 2O L HYOEHEEL I ENTE LT AL
WA=H=D, YT IA4F2—=VATV AV IO ERBEL TV EBRNEZLEEZ LI LN
T&%, TLTCIORRE, TNV VA= =TGR N FRAEL &Y, FFICHE
JE & DG TRDZHED T L o ze ZO0RMH] (HLMEA) THEME D2 FIZEATK
BLIzDTH b,

HEIELE TNV VA= —ORGHITENIZBWTE L O EEERH D, SPAOY VA
AEFNVICELBERPBEROGH D ENT WD, —HTENS ORBIZERW 2/7Ea » 7
7 A FTRTFICREESN TV EFE Vv, RIFZEIX, HE) TEFVEW) TRV —
Ya v ARAT A Y PTRITEBEWICE L OMEERDD 5 ET NV E T, Bl % 5
MLTWwh, RIFFETHONAERIIINTE TOENTOMRZMHRT AHEHRE2RL TV,
BIET N X BHED720, EBEHIES BB LR TWHTA Y%7 M 085h 5,

—Ji T, ERNOWFRISHEE IR T 2D THhIUL, Nt OPEAT /S LIV X —F — F i
ThotzZl, ARIESMRZZEEMRL TV, Bk D IEFHOEEE ([ 7Ly
Yav) LI ELTWZE, EBETLILEND L, TN ) OBEIA ML
BIETOEBERFFIA NBEERTLLEDNDH D, TNLIFETVEBMICT L5, & R
BFF T 2 MIZBW T, SEEIRMEIICH 2ECT /S LV & IR 2 DICEE 285 A —
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b AMIRDETNVTREINSFETIMET LI LEATE TRV, ARIEOHL
AR E872 [Consignment contract with revenue sharing] ®##E 7V AmazonZs
FEIaX—ATHMINTWLENTHY), GFEEEELZBEL 0L, BRLORVWHADOHE
JE OB il & Z OB %K E TV OMIBE G HROEKET VO /Rt b6
FTREMEDSD B0 SERDEELNIERETDH 5,
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The Return Policies between Japanese Department

Stores and Apparels: A Newsvendor Analysis

Shota OHMURA

In this research we analyze the return policy between Japanese apparel manufacturers and department
stores with the newsvendor model considering risk shifting to the manufacturers. The return policies
have changed the operational detail with much controversy as to its practical value. We analyze the two
types of return polices using a risk-averse newsvendor model. The results indicate that: (i) the entire
supply chain optimization can be achieved in the policies; (ii) the risk of apparels in a return policy
can be not so high depending on the market uncertainty; (iii) as the market uncertainty increases, the
apparels might change their business model to SPA model; and (iv) under a return policy the profitability

of department stores decreases because of the increasing bargaining power of apparels.
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