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The way media presents fat people in ads is the focus of this paper. We analyzed, from the perspective
of non-fat individuals the role played by fat people in Brazilian TV commercials. Therefore, there were
one focus group with people who have seen advertisements in which the protagonist was a fat guy.
There was initially a content analysis of a collection of commercial as well as the content of the
discussions in which it was built a map of the social representation of 'being fat' in these messages.
The analyzes stressed that these protagonists present themselves in order to provoke laughter
through humor. Because of this, stigmas as 'comical’, 'weird' and 'weak' are formed from their
stereotypes and roles. The question that remains is how far these interpretations may affect the brand
image conveyed, considering that the obesity phenomenon is present in everyday life of most
consumers.

Key words: Television commercials, fat people, stigma.

INTRODUCTION

Today, the body shape is a common theme, being the
main topic in several conversations among individuals of
different social and economic levels. The point is that
such discussions are often influenced by actions that
originate from slant marketing advertising actions. This
fact brought the interest in this study, as well as
the ability to generate further discussion on the topic, it
will be possible to understand how some marketing
practices in advertisement are constituted through the
disadvantage of this social condition considered as not
ideal. Since this is a topic that in one hand tends to
favor a particular segment (market) and on the other

hand can provide 'malaise' to a social group of individuals
(fat or obese people), it is believed that the present study
lies in the perspective of transformative consumer
research (TCR).

It is known that western culture values thinness based
mainly on the findings of biomedicine that turned the
concept of a fat body in a synonymous not only of bad
health, but in a 'dehumanized body', a pejorative moral
bankruptcy. This is because at any other time the slim
and svelte body was so in evidence (Sudo and Luz,
2007).The perfect body is a trend topic and present
debates on television and commercials, articles published
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in magazines, newspapers, internet and other types of
media, always highlighting diets, perfect shape body, the
fears of getting fat and how not to get fat. It is assumed
here that the media tends overall, to promote a thin
body as ‘ideal' and the fat one as 'not ideal' (stigmatized)
(Goffman, 1988). If this is a valid premise, the discussion
here presented is relevant because communication, in its
various ways, is a powerful tool to manipulate images
and information. So if a fat person is not within the
optimum standards, he/she may come under pressure of
contemporary society and not be accepted as adequate
to do television work, in this case, advertisements, for
example, because of an image that could possibly
generate negative assessments by target consumer.
However, when they are hired to participate in advertising
work, which role is played by them as protagonists? And
how thin consumers perceive and evaluate the roles of
fat people on TV ads? Those questions are of interest in
this paper.

Media is biased, and it usually communicates, what
seems to be more interesting, attractive and profitable
for its viewers. The selling of information considers the
impact that this kind of pressure has on public health, to
carry the sense of a model or unattainable standard of
beauty and the mistreat of obesity, placing it just as a
problem of 'greed carelessness or laziness". In this
context, the stereotype created over the years by the
figure of a fat person is assumed to be a ,ilI' one, in
some cases, becomes a ,sloppy” (Felippe et al. 2004),
'‘damaged' (the popular meaning of ‘idiot' or 'nonsense’),
‘unable’, 'clumsy' person that make promises of weight
loss at every New Year's Eve. Obesity, while stigmatizing,
produces discrimination, prejudice and social exclusion.
But this issue is more complex than imagined, because
for years researchers have considered it as a public
health problem (Hunte and Williams, 2009; Puhl and
Heuer, 2010; Santos and Scherer, 2011).

It is assumed also that when communications are
established and interpreted through mechanisms that
instigate discrimination and prejudice, its essence can
negatively influence the evaluation of the company and
the product by consumers, especially when commu-
nication is built with the image of people perceived as
more vulnerable. This way, taking into account that
Brazil is a very sensual country where people expose
themselves on the beaches, during carnival, on the soap
operas, and so on, and also that obesity is growing
among Brazilians, we found here an opportunity to
analyze, from the perspective of skinny consumers,
the role played by fat people in commercials aired on
television in Brazil.

Skinny, yes! fat, no!

Discussions about prejudice in social relations, manly at
work environment, are not new. From 1960s, in the
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United States, studies related to employment discrimi-
nation were widely publicized due to the increase
demand of women and physical disabled persons looking
to work full time. Moreover, even not fitting on these
characteristics, obesity was considered a kind of 'disability’
which referred to prejudices, then awakening the interest of
researchers (Bellizzi and Hasty, 1998). In Brazil, only in
1986 the debate was strengthened through the creation
of the Brazilian association for the study of obesity
(ABESO), whose aim is to bring together professionals
from different areas to bring awareness about issues
related to obesity, including discrimination (ABESO,
2012).

Earlier studies indicated that obese people were seen

as objectionable, weak-willed, lazy, unreliable,
incompetent and disgusting (Staffieri 1967; Lerner and
Gellert, 1969; Weiss, 1980). Weiss (1980),for example,
pointed that obese ones tended to be associated with
laziness and dependence, indicating that this association
would remain for many years, which was later confirmed by
the analyzes of Klassen (apud 1987, Bellizi and Hasty,
1998). Those authors have shown that people who are
overweight are characterized as lazy, sloppy, un-
disciplined, unreliable, unhealthy, clumsy (without self
care), insecure but happy (extroverted). Thus, relating
these characteristics to the logic of the market, fat
people are rarely associated with job success, ability
and competence to properly develop a task (Bellizi and
Hasty, 1998).
In this perspective, some authors have called the
attention to the fact that the facial or physical appearance
could be linked to success or failure in organizations,
suggesting because of that, they have to work closely on
individuals stereotypes (Dickey-Bryant et al. 1986;
McAdams et al., 1992 Apud Bellizi; Hasty, 1998; Puhl
and Brownell, 2003), which somehow reinforced the need
to have people with good looks in the organizational
environment. For example, McAdams et al. (1992)
reported that, due to the appearance, the most attractive
persons in terms of stature, weight and facial appearance
were the most likely to earn higher incomes and have
better opportunities in companies. Other studies also
have reported weight discrimination at work. For
instance, Gortmaker et al. (1993) have shown that
individuals who are overweight often suffer detrimental
social and economic consequences. This seems to still be a
trend: increasing of the discrimination due to new
standards and media influence on the accepted body fit.
Ziolkowski (1994) reinforces this argument showing that
those who are overweight are less likely to get a good job
and when they are employed, are hardly promoted and
generally earn lower wages when compared to thin
peers.

The literature also reveals a possible association
between obesity and lower intelligence, suggesting that
obese individuals may be intellectually disadvantaged
when compared to the non-obese persons (Sargent and
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Blanchflower, 1994; Elias et al.,, 2003). Puhl and
Brownell (2003) consider that only through a deep
understanding of weight stigma and debate on its
different perspectives of analysis, one can reflect on and
document its social and psychological as well as
reveal their effects on health and well- be.
Consequences of prejudice against obesity, like social
isolation may trigger the exacerbation of obesity
increasing the likelihood of over-eating, sedentary
lifestyle, and as result, bringing problems at work, and
consequently financial losses. Thus, while such
connections are postulated to health imbued with aspects
prejudiced in this, it is clear that discrimination continue to
be part of everyday life for overweight individuals
(Gortmaker et al., 1993; Puhl and Brownell, 2003).

Discussion about the media and Its contribution to
the obesity stigma

Those individuals who are aligned to the positive
characteristics will be inserted in the category of
‘normal’, while those who have negative attributes
wereassociated with the category of 'abnormal’ or
'stigmatized’ (Goffman, 1988). There are many
manifestations of negative attitudes, including the way in
which people who are overweight are portrayed by the
media. As examples, linked to fat jokes are common on
television and the characters who are overweight are
viewed quite negatively in movies and cartoons (Puhl
and Brownell, 2003). The point is that is not something
that is static at the moment are watching and such
attitudes may generate future consequences and it can
now be considered 'normal’ social relationships.

There are two approaches in the discussions on mass
communication suggest that it is likely that there are
negative impacts when portraying differences between fat
and thin people in media (Harrison, 2000; Greenberg et.
al, 2003). The first is that such images will accumulate
over time and eventually may lead to true negative
expectations in society. The second is that some
evidence supports the argument that by watching
television people can pass to discriminate obese people
from their stereotypes (Harrison, 2000). As an example
of concern for the present and future, in a study of
elementary school children, Harrison (2000) showed that
children, who watched more television programs, were
more likely to attribute negative stereotypes to an
overweight woman.

Greenberg et.al (2003) conducted a detailed analysis
of one thousand and eighteen characters of the main
commercial and popular television programs of six major
North American television networks. The objective was
to analyze the representation of overweight and fat
people on primetime television. The results revealed that
fat women were less likely to be attractive, interact with

romantic partners and show physical affection. The
male obese characters were less likely to interact as
romantic partners, talk about dating, being involved with
behaviorally oriented tasks (example, interactions of
leadership) and were often seen eating and being used
as an 'humor object'.

METHODOLOGICAL ISSUES

We adopted a qualitative perspective driven by interpretive
guidance (Denzin, 1978; Godoy, 1995) in search to achieve the
paper objective. The research was conducted in two stages: the
first one, we selected and analyzed fifty commercial, available on
the internet that has be aired in open TV in Brazil on between 1992
to 2012, in which the protagonist was a actor. It was found in the
selection of the ads that each one presented similarities in their
structures. This way, it, was decided to work with twenty
commercials that portrayed different situations, in an effort to have
more diversity of situations and possible different roles played by
the fat persons. In the second stage, of the research, we proceeded
with a focus group formed by eleven participants that considered
themselves as thin persons (Morgan, 1997; Queiroz, 1991).

Regarding the categories analyzed we defined preliminarily
three relevantones. Thus, based on the literature, followed by
some adaptation to the context studied, the following categories
were established: the role played in advertising (Harrison, 2000;
Greenberg et. al, 2003), stereotypes created by the obese figure
(Weiss, 1980; Dickey-Bryant et al. 1986; McAdams et al.,1992
Apud et al., 1998; Puhl and Brownell, 2003; Felippe, et al., 2004),
obesity image and stigma (Staffieri 1967; Lerner and Gellert,
1969; Weiss, 1980; Crandall, 1994; Roehling, 1999), all described
in accordance with the vision of the participants. Finally, analysis
of the content of the videos and data collected in the focus
group, were performed.

ANALYSIS AND RESULTS

Regarding the profile of the subjects (focus group
participants), majority has a undergraduate degree; four
are female and seven are males; age are between twenty
and fifty- five years old; all work in the commercial area of
private sector companies; monthly household income on
average of two thousand dollars; and they were classified
as thin, based on weight and height patterns (parameters
of the health ministry Brazil, 2013).

The initial analysis showed that almost all the
protagonists of advertising messages selected were
male. In just two commercials (Renault Logan — car
and Matte Ledo — a Tea brand) the character was a fat
woman, but they were not playing the main role. This
leads to a conclusion, considering what Brown and
Bentley-Condit (1997 Apud et al.,, 2007) point. They
claim that in the dictatorship of thinness, women are
more affected than men, and more socially critized for
being out of shape. Because of that, we suppose that
to avoid criticism and possible negative outcomes,
companies exclude working with obese women in
commercial. This way, predominately obese males were



portraited in the analyzed TV ads, playing the role of the
sloppy, goofy person, fulfilling expectations of what to
expect of a fat person: to be loud and funny.

The role played by obese people in ads

A lot of laughs and giggles! It was the manner in which
the focus group participants behaved during the
presentation of advertising messages. But after the
observation of the commercials, some comments were
coming out and unanimously, subjects indicated that fat
people were being 'used' to cause laughs, acting like
clowns. Through the comment of a participant, the group
started to agree that the protagonists were actually in
disadvantaged situations. One of the focus group,
participant stated:

“In none of these commercials I've seen some of these
actors starring a good, positive scene...” [P7]. Another
one commented: “The obese character is always
associated to ridicule or compared to a bad product...”
[P7] (The letter “P” represents the participants of the
focus group and the number is each individual).

Comments from participants on the focus group
indicate that despite the fact of the ‘funny' factor
predominate in commercials. Other negative aspects in
which the obese protagonists are submitted are not
perceived at first sight. For example, during the
discussions, a participant said:

“...when | saw the first TV ad | did not attempt to see the
role that the fat actor exerted, but after the second ad,
| began to realize that although they are funny, they
experience many difficult and awkward situations” [P7].
The weird — or strange - image of obese people is noted
in the Greenpeace's ad. As seen in the descriptions, a
Michael Jackson's song start to play, and then a fat man
appears, dancing and wearing a plastic jacket,
accompanied by two other lean men. After that, the
message: “Strange? Strange is who wears linen clothes,
but has plastic attitude. Don't think disposable, act
sustainable”. The ad shows that the stranger is not only
related to the clothing bag, but also on who is wearing
it. In this case, if it was a thin man with perfect body
would the ad create the same feeling of strangeness?
Something to think about when considering that fat
people are viewed as disgusting, are censored and
perceived as strangers.

The observed features are common in the roles played
by fat people in advertising and are aligned with the
findings of Weiss (1980). Moreover, it is observed that
the roles were predominant the cheerful and outgoing
perpective, but this is achieved due to the way the obese
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persons are considered clumsy, insecure and unhealthy
(for example, see Bellizi and Hasty, 1998). Thus, some
stereotypes are created and the social existent prejudice
is reinforced by the media discourse.

Stereotypes created by the image of an obese
character

It was observed that the stereotypes that lead to
stigmas are often reinforced by the media, in this case,
by the advertising messages. Stereotypes like funny lead
to laughter, but at the same time it may generate
negative evaluations by the audience, like it has
happened to the focus group participants. According to
the an overall analysis of the participant comments:

“...It's funny the role they play, but the problem is that
whenever they are in a difficult situation, | tended to see
them acting like fools and clumsy...thinking better... I'm
not sure if this is cool” [P11]. Another participant
highlights: “...now on second thought, | do not understand
why they accept to make fun of themselves ...I think
there are several ways to portrait humor and | don't think
| need to associate the obese person to being ridiculous
in a attempt to call public attention ...” [P11]. “...| agree!
The companies should avoid this kind of association of
the image of fat people, considering that they suffer
prejudice everywhere in their social lives” [P7].

At the first moments, the participants were not critical with
regard to the roles played by fat people on
advertisements. However, during the focus group, the
subjects began to analyze the different presented
situations and, while agreeing that humor was the central
to all the TV ads, item because of the characters
characteristics (stereotypes), the participants began to
see the complexity of these associations. The image
that stood out from the ads was funny people doing
acting in a ridiculous way. The companies sold a
negative image of obese people. “...Some commercial
sells a negative image of obese persons and this is
considered funny by those who see them ...I think it’s
funny ...everyone does ...but it seems that what stay in
mind is that every fat person it's like that, even in real
life...” [P2]. This reinforces prejudice and bullying.
Companies should be more responsible and try to avoid
perpetuating pain in a group of consumers that are
usually forgotten in their marketing actions in a respectful
and responsible way.

Image and stigma

What image do the focus group participants have from
obese protagonists after watching the ads? The



370 Afr. J. Bus. Manage.

Stereotypes [ . ... |

I
Unreliable
prevalent in

Ruole played by

1
Image formed | Funny

i |
[ i
| i fat people from the role : !
. . 1 "
social relations : played ! Clowns :
I 1 I
—é— Not smart r“ |l C Stigma E Hampered i
i P /| o i Bobos !
_;_ ]-_ﬂ.?_‘_\ : \\ v N ; :
; - Ls=s=s==see===ead | Predominant g
Bemng fatin o ! r :
= M Objectionable L features in u
society i P -
i : - - I commercial M]|.
—y-il Disgusting — E
e |
—H Loose i ;FI,' '|I R
o k¢ L |
T Injured U
| !
T Unable i
_______________ 1t

Figure 1. Being fat, society, their roles in commercial and consumer image

participants' responses were:

“Fat people are funny and silly, are unable to properly
develop a task and liars, they are ugly, horrible, strange,
but funny, the only way of drawing audience attention is
by laughter, because there is no beauty at all, they have
to be goofy to sell the company's products. Fat ones
are used by the thin ones mockery because they are
fools, and they don't fit in the beauty standards”. There
were also comments like:

“The fat person is fat because he/she wants to” [P4].
Crandall (1994) states that there is still a widespread
perception that obese individuals are responsible for
their own condition. This is because the gain or loss of
weight is under personal control, creating the idea that
the obese ones don't have self control, self discipline and
are totally lazy (Staffieri 1967; Lerner and Gellert, 1969;
Weiss and Caprio, 2005). This tends to reinforce the

belief that the cause of obesity is the result of
uncontrolled impulses and behaviors (Roehling, 1999).
This is a social prejudice reinforced by the ads here
analyzed, that do not take into account the complexity of
the obesity phenomena.

Social representation of fat people on Ads in the
perspective of lean consumers

To better understand the social representation of
obese people in the perceptions of lean consumers
(focus group participants), we designed a map of this
representation as shown in Figure 1. It separates in a
guadrant the prevalent stereotypes the social relations
related to being fat and their exercised roles in
advertising. The stereotypes were extracted from the
literature review, which are grouped in the lower quadrant
in gray color (as the main characteristics predominate in



commercials analyzed).

In the first group of variables inserted in the Figure, the
inserted characteristics of fatty predominant in all ads,
are all related to mood, such as: Funny, clowns, clumsy
and silly. In the literature review the stereotype of funny
rarely appears on the findings of several studies
(example Elias, et al., 2003). But in this study, funny
was the most prevalent due to the exaltation of this
feature in ads as a way to attract audience attention (use
of humor on communication that can be socially
dangerous if not properly used). The most associated
stigma, related to obese roles, it was the ‘comical’ one. In
the second group of variables the stereotypes were
reprehensible and disgusting, also related to the idea
that when a fat person is interested on something he/she
supposedly will not get due to his/hers condition (to be fat
is to be handicapped). Stigma related to the role of obese
linked to these characteristics was called 'strange’.

Moreover, in the third group of variables according to
the analysis results, it was found that in participants
view, characteristics as lazy, sloppy, damaged, weak
and unable. Based on these data, Figure 1 was
structured.

CONCLUSIONS

Based on the analysis of advertisements and reports
participants in this research, it was found that the roles
played by fat people in Brazilian TV ads are linked
directly to a comedy act. The association of stereotypes
of being fat already present in social relations it is
stressed in the ads, and the prejudice due to the way in
which they exercised their roles and their physical
appearance, it is seen as a way to reinforce the stigmas
associate to obesity in our society. This way, based on
focus group results participants see the ad as a form to
continue to perpetuate prejudice. Obese people exert
roles as ads protagonists in which ways that their
image is used to attract consumer attention by ridicule
(through stereotyped characters), which tends, on
account of this condition, be interpreted as comical, and
sometimes, as politically incorrect. It was found in our
study that stigmas such as ‘comical’, ‘weird" and
'weak' are formed from the stereotypes related to obesity
and roles developed in the material analyzed (TV ads).
For participants of our research, the TV advertises had
some reports of negative interpretation, even after some
of them who have initially found the commercials funny.
From the time that they come to realize what it is really
behind the “funny” part of the ads, it is possible to see the
prejudice discourses the communication brings about
obesity. At the end, negative associations are made to
the company and its products presented in the ads.
When communications are established and interpreted
through mechanisms that instigate discrimination and
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prejudice, its essence can negatively influence the
evaluation of the company and the product by
consumers. While the discussions about the perfect body
can generate social problems by its inherent stigma, it is
also believed that not everything that is produced by
marketers is of extreme interest to consumers and
society. Marketing campaigns tend to exalt deliberately
physical patterns such as the ‘ideal' (skinny), placing
about 'not ideal' (obese), the mask of ridiculous, not
acceptable in society nowadays. The question that
remains is how far these interpretations may affect the
brand image conveyed, considering that the obesity
phenomenon is present in everyday life of most
consumers.

This study searched to contribute to the dissemination of
transformative consumer research in the Brazilian
context, because to investigate a group of
consumers neglected or treated prejudiced in marketing
communications; provoking a discussion that is not
always what's funny, like humor, this devoid of prejudice
veiled, causing pain and grief psychological specific
groups of consumers. Same it investigated only Brazilian
ads, we believe that the obesity phenomena and how fat
people are presented in ads, reinforcing stigmas
associated to their condition, it is a global problem that
every society is trying to cope and searching for solutions
to solve it.
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Brazil, Russia, India and China (BRIC) are pointed as the most probable countries to enter the select
group of industrialised countries, also appearing among the world’s twelve largest economies. The
main objective of the present study is to assess whether the capital market behaviour of the BRIC’s
emerging countries in the 2008 international crisis had already been equivalent to that of industrialised
countries (USA, Japan, United Kingdom, and Germany). Three univariate approaches were applied for
modelling the market volatilities (GARCH, EGARCH and TARCH). The results showed similar
behaviours between both market groups regarding the presence of persistent effects of shocks on
volatility, volatility asymmetry, and delayed volatility reaction to market changes. The BRIC’s markets
showed less persistence to volatility shocks, less asymmetry, and faster reactions of volatility to

market changes.

Key words: Volatility, BRIC, emerging markets, GARCH models, financial crisis.

INTRODUCTION

International financial crises are revealing. Within the
context of a large-scale crisis, the behaviour of both
emerging and industrialised markets is distinct. There are
aspects clearly showing the maturity level of markets and
economies of the affected countries.

Propagation of a crisis occurs through the naturally
existing linkage among the countries’ markets. This link-
age occurs in various fronts, either by means of external
trade, international private investments or even sovereign
capital flows. Under normal conditions, transactions
between countries occur around what one considers to
be a balance platform, which is dynamic and consists of
economic variables related to exchange parities, interest

rate levels, inflation, foreign currency reserves, production,
consumption, income, among others. Under crisis condi-
tions, however, value and parity references are lost,
governments become protectionist, and capital flows
occur for preserving and honouring positions only, curiou-
sly seeming to be more aligned as if there was a greater
integration of the investors’ behaviour around the world.
Under global balance conditions, it is notorious the
difference in the financial market characteristics between
emerging countries and those with mature and stable
economies. When hit by a global financial crisis, however,
the financial markets face some common effects such as
increase in volatility, capital flight of variable income
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assets, rise in interest rates with increased risk, and
reduction of investments in view of the uncertainties.
Governments tend to take preventive measures in order
to avoid economic recession symptoms while adopting
limiting policies for inflationary movements and
oscillations in the exchange relationship with the world’s
main currencies.

With regard to the capital markets, some aspects are
widely known about such differences between emerging
and industrialised economies, especially in the scientific
milieu. Bekaert and Harvey (1997) have appropriately
demonstrated that there are four aspects differentiating
the behaviour of asset returns in the emerging capital
markets compared to industrialised economies, namely:
higher mean returns; low return correlation; higher
predictability of the behaviour of returns from asset
variations; and greater volatility.

This latter aspect, the greater volatility in the emerging
capital markets, has important implications for two crucial
factors in any economy: capital cost and option value of
waiting to invest. Both effects jeopardise the economic
development. The former burdens the ventures, making
most of them unviable, whereas the latter delays invest-
ment decisions.

Under the conditions imposed by an international
financial crisis, the volatility of all markets tends to
increase and, curiously, the behaviours of volatility and
returns among the markets tend to show a greater
similarity. In fact, the markets seem to exhibit higher
levels of interdependence and contagious effects.

There are many studies exploring these phenomena.
Among them, one can cite the study by Bekaert and
Harvey (1997) investigating the reasons which make
volatility different between emerging countries, the study
by Alper et al. (2009) assessing the predictability of the
market volatility behaviour in ten emerging countries by
comparing them to industrialised economies in the
context of the 2008 crisis, and the study by Chukwuogor
and Feridun (2007) analysing the volatility behaviour of
fifteen countries, both emerging and industrialised ones,
during the crisis which affected Asia and Russia, including
the Internet bubble.

Understanding the volatility behaviour of the capital
markets is important because it is directly related to
capital costs, investment decisions, and leverage levels
from investors and companies. These three elements
(that is; capital cost, investments, and leverage) have an
impact on the development of any economy. Studies on
the behaviour of volatility and returns of financial assets
in emerging and industrialised markets have indicated the
following findings: emerging markets are more volatile
than industrialised ones; there are differences between
the volatility behaviours of emerging markets, which
decrease in the periods of international financial crisis;
there is a low return correlation between the assets of
emerging and industrialised markets; there is an

asymmetric relationship between returns and volatility at
highs and lows, which is a phenomenon usually seen in
emerging markets during international financial crises;
the phenomenon of interdependence between emerging
and industrialised markets is significantly increased
during global financial crises; contagious effects between
financial markets are more likely to occur from Indus-
trialised countries towards the emerging ones.

Although several studies have corroborated these
findings on capital markets elsewhere (mainly those
published over the past 30 years, as econometric and
statistical techniques had been improved and markets
highly integrated by important technological advances),
changes in the world’s economic, financial, and political
scenarios have been very significant.

By focusing on the BRIC countries, especially Brazil,
the issues motivating the elaboration of the present study
have been raised by the confrontation between the
known capital market characteristics of emerging and
industrialised countries, with the BRIC countries in the
threshold of becoming developed. These issues are the
following: a) If the emerging markets are more volatile
than the industrialised ones, are the BRIC markets less
volatile today, with volatility closer to that of industrialised
countries? b) If there is an asymmetric relationship bet-
ween returns and volatility at highs and lows, which is
noticeable in emerging markets during international
financial crises, did this phenomenon occur in the last
global crisis in 2008 at levels different from those seen in
industrialised markets?

Therefore, the objective of the present study was to
assess whether the capital market behaviour of four
emerging countries (BRIC) had already been equivalent
to that of industrialised economies during the last global
financial crisis (US sub-prime crisis in 2008).

Technically, this work can bring contributions and
innovations to the field based on the following points: a)
this is a current study, as the phenomena being analysed
refer to the period comprising the last great international
financial crisis in 2008; b) this is the first study focusing
on the issue whether BRIC countries could be considered
already developed in terms of capital market behaviour;
and c) this is a timely study, as BRIC countries have
recently entered the select group of G-20 not only
because of their GNP but also because the finance
ministers and central bank chairmen of the major hit
countries announced, on the 25" September 2009, that
the G-20 would be the new Permanent Council for
International Economic Co-operation, replacing that
formed by the G-8 representatives.

LITERATURE REVIEW
Asymmetry of returns and volatilities

The studies investigating the asymmetry in the behaviour



of returns and volatilities in the stock markets of many
countries have shown that it appears in three forms: a) as
an effect of the price variation on volatility; b) as a
reversion phenomenon depending on the prices of
assets; and c) as a variation of return correlation of
different assets or market indexes. These three aspects
of the asymmetry are especially detected in periods of
domestic or global financial crisis.

The first manifestation of asymmetry is the most robust
and studied of the three forms. Volatility increases more
after negative shocks on the market (that is; when prices
and returns fall) than after positive shocks of the same
intensity.

Studies on the stock market of several countries have
shown that when a negative impact (bad news, crises)
hits the assets of a given market, the returns fall and
volatility increases. On the other hand, when positive
impacts (good news, optimism) occur, returns tend to rise
and volatility tends to decrease. However, for an impact
of same intensity (positive or negative), the negative
effects are greater for both returns and volatility. That is,
with the market falling, returns fall more rapidly and
volatility increases more than when the market is at high.
In addition, several studies showed that the correlation
between stock markets of different countries also has an
asymmetrical behaviour. In periods of falling prices (ex:
financial stress, crises), the correlation between markets
seems to be higher than that in periods of rising prices.
Since the seminal publications by Black (1976) and
Christie (1982), other studies on the negative asymmetric
relationship between returns and volatilities have been
conducted over the past decades, such as Schwert
(1989); Campbell and Hentschell (1992); Glosten et al.
(1993); Shields (1997); Bekaert and Wu (2000); Chiang
and Doong (2001), Daouk (2001); Venetis and Peel
(2005); Shamsuddin (2008), Badhani (2009) and Chang
(2009). However, as stated by Daouk (2001; p.2),
“volatility is still a puzzle”.

Daouk (2001) has pointed to the existence of four
arguments, or models, which try to explain the asym-
metry between returns and volatility. The first argument is
based on studies by Black (1976) and Christie (1982).
Black hypothesised that financial leverage for companies
might explain, at least partially, such a relationship. For
the same author, when a company becomes more
leveraged, the value of its net worth tends to fall, and
vice-versa.

Schwert (1989) and Glosten et al. (1993) have addres-
sed the second explanation for the phenomenon of
asymmetry. According to them, the stock return volatility
of a company would be probably related to the expected
future cash flow volatility. If there is an increased
expectancy among investors regarding the cash flow to
be generated, the value of the company tends to fall and
consequently perceived risk and volatility tend to be high.

The third argument is associated with the risk premium.
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The hypothesis is that an increase in the volatility of
unexpected returns will also provoke increase in the
future expected volatility, meaning a higher perceived risk
and demands for higher premiums. This idea is also
called volatility feedback. The studies conducted by
Pindyck (1984) and French et al. (1987) were pioneers in
investigating such an argument. If this argument is valid,
then the variation in the volatility of future expected
returns is the factor promoting changes in stock prices,
reducing them as a way of compensating for the high
risks assumed. The idea of feedback volatility intrinsically
depends on the existence of a great volume of
information available to a high number of investors, a
sine qua non condition for the assessment of future
volatility and significant price movement.

The fourth argument explaining the asymmetry is
associated with the investors’ position during the periods
of financial crises. When such a crisis occurs, asset
prices fall heavily and quickly. In this new pessimistic
context, investors change their behaviour as they nego-
tiate under stressful conditions, thus increasing the
market volatility. This idea has been more explored in the
recent years by researchers elsewhere.

Verma and Verma (2005) have also identified four
possible origins for asymmetries between behaviours of
returns and volatilities in the international markets. The
first one would be related to differences in expected
returns between the investors in view of potential impacts
or changes in the international stock markets. If, for
example, a small decrease occurs in the US stock market
— which is an international reference, the other markets
may be even more affected, mainly the emerging econo-
mies, by the fear or “disappointment” among the
investors. Through this reasoning, the psychological effect
on investors resulting from the changes in American
market is more important for the asymmetry magnitude
than the intensity of the change itself. Odier and Solnik
(1993) and Erb et al. (1994) are among the first authors
studying such a phenomenon.

The second possible origin of these asymmetries would
be the use of investment strategies based on incomplete,
irrelevant and/or distorted information. Foreign investors,
in the absence of full specific information about a given
market, could be led to assume biased positions as a
result of the effect of irrational and/or subjective deci-
sions. A typical example of such behaviour occurs with
emerging markets. In fact, many foreign investors tend to
see emerging markets indistinctly if they are unable to
obtain full specific information about a given market and
its assets, mainly in financial stressful conditions. Studies
by Harvey (1995) and Aitken (1996) have explored this
issue.

The third possible origin of asymmetries between
returns and volatilities would involve the existence of an
unidentified risk component embedded in the prices of
international stock markets. Because the relationship
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between any risk component and stock returns are not
linear, a priced unidentified risk component can result in
volatility imbalance in markets experiencing highs and
lows. Studies by Pettengil et al. (1995) and Fletcher
(2000) were pioneers in investigating this behavioural
feature between risk and returns in stock markets.

With regard to both latter arguments on asymmetry
origin, the one based on mistaken strategies due to lack
of precise information and the one based on the
existence of an unidentified risk component, there is a
very interesting joint explanation or variant investigated
by several researchers. According to Grossman (1988),
Gennotte and Leland (1990), Jacklin et al. (1992), Romer
(1993), Berry and Howe (1994), and Johnson and
Westberg (2004), among others, the majority of investors
are neither well informed nor sufficiently so. This fact
creates conditions to change the opinions on the fair
value of each asset as new information is taken into
account by each investor. When the market is hit by
some type of impact, either positive or negative, it is
natural to expect investors to re-evaluate their positions,
with part of them probably making negotiations to adjust
their investment portfolios. As the business volume
grows, information which had not been regarded or
propagated is then perceived and incorporated into the
prices. This process can provoke rapid and acute
changes in prices, which particularly occur in situations of
crisis with generalised decrease in negotiated assets.
Here, is a probable origin for the asymmetry between
returns and volatilities.

The fourth and last possible explanation for such
asymmetries, according to Verma and Verma (2005), is
related to the manifestation of investors, which is
psychologically based. In general, they react more to falls
than to rises in the market prices. Even though the
average investor has more difficulty in booking the loss,
but being in a rush to make gains, both pessimism and
panic diffuse much faster than optimism. In fact, markets
fall much faster than rise. The irrational behaviour caused
by fear and aversion to risk is different from the self-
conflicting behaviour seen during those periods when
markets are at high, even considering the irrationalities
generated by greed. Asymmetry would come from this
behavioural imbalance. Studies by Hong and Stein
(1999) and Gervais and Odean (2001) are important
references on this issue.

In sum, some interesting considerations can be high-
lighted regarding studies on the phenomenon of asym-
metry of returns and volatilities. They are the following: a)
the phenomenon of asymmetry is particularly detected in
periods of domestic or international financial crisis; b) The
literature points out at least eight arguments to explain
the occurrence of asymmetry, which is based on tech-
nical aspects such as company leverage as well as
behavioural financial issues; c) the volatility increases
more after negative (that is; when prices and returns fall)

Table 1. Countries and equity index analyzed.

Developed Emerging

Country Index Country Index

USA S&P 500 Brazil Ibovespa
Japan Nikkei 225 Russia RTSI

UK FTSE 100 India BSE Sensex
Germany DAX 30 China SSE 180

than positive shocks of the same intensity; d) the
emerging markets are more volatile than the industrialised
ones; e) The investors react faster and more intensively
to negative than positive impacts; f) Unexpected news
can affect prices in short and very short term, whereas
bad news have a greater impact on prices during negative
than positive phases; g) price reaction to the news tends
to last more during positive (prices tending to rise) than
negative (prices tending to fall) phases; h) volatility of
returns tends to increase during negative phases.

METHODOLOGY
Data source and treatment

Data used in the present study are the historical series of market
stock indexes of eight countries (Table 1). The series are formed by
daily closing prices covering a 5-year period from 2006 to 2010,
totalising 1,301 observations for each one of the eight indexes. This
period of time involves the global financial crisis occurring in 2008,
including two years before and two years after. Data are secondary,
being generated and organised by stock markets and divulged by
several information agents elsewhere, such as Bloomberg, Econo-
matica, Reuters, Yahoo Finance, among others.

Countries whose markets were analysed are divided into two
groups: one formed by major industrialised economies (USA,
Japan, United Kingdom. and Germany) and other formed by the
main emerging economies (Brazil, Russia, India and China), which
comprise the so-called BRIC block.

The historical series of stock market indexes were converted into
historical series of logarithmic returns.

Data analysis

Analysis of the behaviour of returns and their volatilities, which had
been obtained from the stock market indexes selected for the
present study, was performed based on the ARIMA (p,d,q) and
GARCH (p,q) model families. The former was used for returns and
the latter for volatilities. The first procedures regarding the data
involved statistical descriptive analysis of the series and
characteristics of their distributions, stationary and non-stationary
behaviours, and linearity.

With regard to the series of financial returns, the random com-
ponent (also called prediction error term, residue, or innovation) of
ARIMA model (p,d,q,) adjusted for each series is expected to have
mean zero, with no correlation between a given observation and
past observations. Although error terms are no correlated, they are
not independent either. This fact enables a GARCH model (p, q) to
reproduce its generating mechanism.

After obtaining the series characteristics, the next step was to
estimate the ARIMA models (p,q,d) by using auto-correlation
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Table 2. Coefficients of GARCH models - developed markets.
USA JAPAN

GARCH TARCH EGARCH GARCH TARCH EGARCH
® 5.88E-07 7.41E-07 -0.270134 8.59E-07 2.63E-06 -0.289884
ey 0.033125 -0.057898 -0.181363 0.025197 -0.121540 -0.161171
(28 - - 0.313424 - 0.103715 0.274685
,[?1 1.694814 0.978210 0.980710 2.725544 0.926032 0.976826
ﬁz -0.730440 - -3.098475 - -
£ - - 1.696287 - -
B - - -0.351185 - -
1 - 0.142697 -0.156847 - 0.146786 -0.137565
¥, - - ; - - -
D Normal Normal GED Normal t-Student t-Student
AIC -6.146348 -6.187862 -6.256279 -5.672106 -5.722504 -5.721695
BIC -6.118230 -6.159743 -6.220126 -5.623690 -5.682158 -5.681349

United Kingdom Germany

GARCH TARCH EGARCH GARCH TARCH EGARCH
® 1.86E-06 2.16E-06 -0.272624 2.00E-06 5.41E-06 -0.340112
[« 5] 0.113546 -0.099971 0.117803 0.065925 -0.138326 -0.113879
(28 - 0.098989 - - 0.052720 0.258647
(e 43 - - - - 0.075542 -
ﬁl 0.881146 1.229677 0.979681 1.414678 0.860736 0.973687
B, - -0.318134 - -0.489594 -
B : : : : :
B : : : : : :
i - 0.156581 -0.150371 - 0.228623 -0.134602
£y - - - - - -
D Normal Normal GED Normal t-Student Normal
AIC -6.103503 -6.157187 -5.896091 -6.152409 -5.984069 -5.948956
BIC -6.055660 -6.097384 -5.859916 -6.100611 -5.931816 -5.904742

function (ACF) and partial auto-correlation function (PACF) of each
series. These functions offer an indication of the number of lags p
and g of the models by assessing the occurrence of serial auto-
correlation.

After estimating the ARIMA models (p,d,q), ACF and PACF were
obtained for the resulting series of quadratic residues. One
procedure needed for this step is to perform a test in order to detect
the presence of heteroscedasticity in the series of residues. Ljung-
Box-Pierce test and Q-test were used for doing so. ACF and PACF,
which were applied to quadratic residues, provide an indication of
the number of lags p and g in the GARCH model (p,q) suitable for
estimating the volatility.

However, the estimation of parameters for ARIMA (moving
average) and GARCH (conditional variance) models frequently face
convergence problems. ACF and PACF are tools capable of mini-
mising such a problem by detecting a simpler and consistent model
for description of serial data. For financial assets, these functions

usually reveal that on return series data are not correlated while
guadratic errors present correlation, that is, the series variance can
be shaped by a GARCH process.

The estimated ARIMA and GARCH models have been validated
by analysing the residue series with Ljung-Box-Pierce test and Q-
test. These tests show whether the residues in the modelled series
follow an i.i.d.(identically and independently distributed) process,
whether distribution respects a normal (Gaussian) distribution, and
whether they exhibit any serial correlation or any volatility conglo-
merate. If such conditions are met, then it means that the model is
consistent.

RESULTS AND DISCUSSION

Tables 2 and 3 show the GARCH model coefficients esti-
mated for industrialised and BRIC markets, respectively.
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Table 3. Coefficients of GARCH models - bric markets.

BRAZIL RUSSIA

GARCH TARCH EGARCH GARCH TARCH EGARCH
[0) 6.48E-06 9.78E-06 -0.420672 3.74E-06 7.04E-06 -0.246332
oty 0.085905 -0.047034 0.152288 0.051521 0.055211 0.180939
a, - 0.061803 - - - -
1'91 0.898373 0.879836 0.962398 1.970208 0.882069 0.985494
5, - - - -1.553377 - -
£ - - - 0.525955 - -
B : : : : : :
¥1 - 0.160715 -0.146592 - 0.109790 -0.086983
¥z - - - - - -
D t-Student GED GED GED t-Student t-Student
AIC -5.319275 -5.364676 -5.362411 -5.087882 -5.089375 -5.086742
BIC -5.295413 -5.332860 -5.334572 -5.047964 -5.053448 -5.050815

INDIA CHINA

GARCH TARCH EGARCH GARCH TARCH EGARCH
[0) 4.08E-06 3.73E-06 -0.444837 4.29E-06 4.15E-07 -0.177477
&y 0.119715 0.043136 0.231936 0.055966 0.009822 0.123484
(e ) ) ) ) )
181 0.875978 1.303795 0.966584 0.936439 1.734650 0.988229
B -0.395896 - - -0.742872 ;
B3 ] ) } ] ] )
By ] ) } ] ] )
¥1 - 0.093220 -0.136250 - 0.109256 -0.117426
¥2 - - - - -0.113460 0.110712
D GED Normal GED Normal Normal t-Student
AlIC -5.520192 -5.456404 -5.539118 -5.009255 -5.024040 -5.046412
BIC -5.488157 -5.420365 -5.503079 -4.989221 -4.991985 -5.066434

The coefficients are relative to the three models EGARCH

presented as follows.

GARCH

‘Trz =w T algrz—l + 1'9153—1 + ﬁ:grz—z + 1835:2—3 +ﬁ4af_4

TARCH

Er—1 Er—2 Er—1 Er—2

-
Tem1

+ .,

2

In(s?) =w+ay +BIn(e2,)+ny + ¥,

2

=2

Tt

t=2

The first important aspect in the coefficient analysis is

that all of them (all models for all markets) have resulted

in statistically significant values of 5% (set as reference).
In the GARCH and TARCH models, all values for con-

stant @ resulted in numbers very close to zero (10 order)

o =0t toe, tho B0, tho st nd g, thd.o5,  as well as in negative numbers for EGARCH models



Table 4. B coefficients of GARCH models.

Coeficientes 8

Market GARCH TARCH EGARCH
USA 0.964374 0.978210 0.980710
JAP 0.972171 0.926032 0.976826
UK 0.881146 0.911543 0.979681
GER 0.925084 0.933951 0.964189
BRA 0.899870 0.879993 0.979275
RUS 0.890281 0.882069 0.985494
IND 0.875978 0.907899 0.966584
CHI 0.936439 0.991778 0.988229

Table 5. a coefficients of GARCH models.

Coeficientes a

Market GARCH TARCH EGARCH
USA 0.033125 -0.057898 0.132061
JAP 0.025197 -0.017825 0.113514
UK 0.113546 -0.000982 0.117803
GER 0.065925 -0.010064 0.144768
BRA 0.085905 0.014769 0.152288
RUS 0.051521 0.055211 0.180939
IND 0.119715 0.043136 0.231936
CHI 0.055966  0.009822  0.123484

(which was already expected as the model uses variance
logs).

The values of lag coefficients [ indicate that shocks on
conditional variance are persistent, that is, they cause an
effect which takes a long time to dissipate. It is common
that financial series with daily periodicity have persis-
tence coefficients above 0.8. The results showed that
coefficients 5 seem to meet this expectancy in all models
for all markets, resulting in values greater than 0.8. Table
4 shows this in particular.

The values of coefficients @ (from error term) show the
intensity of reaction of volatility to market movements. If
the coefficient is high, it means that reactions are intense.
Markets with high coefficients @ and low coefficients 8
are those in which volatility changes rapidly and inten-
sively, but with effects dissipating rapidly. On the other
hand, markets with low coefficients & and high co-

efficients 5§ are those in which volatility reacts less
intensively, but with effects lasting longer. It is common
that financial series with daily periodicity have coefficients
&t below 0.2. In fact, all values of coefficients @ met this
expectancy, as shown in Table 5.

In GARCH models, the sum of coefficients @ and
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Table 6. Sum of a and B coefficients of the GARCH models.

Sum & + f§
4 v y v

Market z @; + z B Market Z a; + z B

i=1 i=1 i=1 i=1
USA 0.997499 BRA 0.984278
JAP 0.997368 RUS 0.994307
UK 0.994692 IND 0.995693
GER 0.991009 CHI 0.992405

Table 7. Y coefficients of GARCH models.

¥ Coefficients

Market

TARCH EGARCH
USA 0.142697 -0.156847
JAP 0.146786 -0.137565
UK 0.156581 -0.150371
GER 0.228623 -0.134602
BRA 0.160715 -0.146592
RUS 0.109790 -0.086983
IND 0.093220 -0.136250
CHI -0.004204 -0.006714

should be smaller than the unit if the return processes are
stationary. The GARCH models estimated for all markets
meet this condition. However, as shown in Table 6, the

sum of coefficients & and /8 for seven of the eight markets
is around 0.99. The exception was the Brazilian market
(0.984278). This close proximity to unit may indicate that
market volatility predictions do not follow the reversion
patterns at the long-term average level of volatility. This
result suggests that an integrated GARCH model can be
tested to better shape the series or that asymmetric
GARCH models should be used, which was the option
adopted here.

The coefficients ¥ of TARCH and EGARCH models
detect the effect of asymmetry on market volatility
clusters. Such an asymmetry occurs because, in general,
volatility increases more when asset prices fall as com-
pared to when they rise. The conventional GARCH
models (symmetric) are not able to differentiate un-
expected returns between positive and negative, thus
justifying the use of asymmetric GARCH models (TARCH
and EGARH) in the present study.

All values of coefficients ¥ of TARCH models were
found to be positive and significantly different from zero
(Table 7), except for the Chinese market. This indicates
the presence of volatility asymmetry in seven of the eight

markets. In addition, all values of coefficients ¥ of
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Table 8. a, B e i coefficients.

Developed markets

BRIC markets

Coefficient model

Average Standard deviation Average Standard deviation
GARCH 0.059448 0.040144 0.078277 0.031565
a TARCH -0.021690 0.025099 0.030735 0.021948
EGARCH 0.127037 0.014233 0.172162 0.046240
GARCH 0.935694 0.041798 0.900642 0.025805
B TARCH 0.937434 0.028724 0.915435 0.052455
EGARCH 0.975352 0.007621 0.979896 0.009633
TARCH 0.168672 0.040390 0.089880 0.068985
v EGARCH -0.144850 0.010528 -0.094130 0.063820

EGARCH models were negative and significantly different
from zero, indicating that negative shocks on market
volatility have a more acute effect compared to that of
positive ones. Again, the Chinese market exhibited a
value of coefficient ¥ very close to zero despite being
statistically significant.

When observed as a whole (Table 8), the values of co-
efficients a, B and ¥, obtained as simple means for the
groups of industrialised and BRIC markets, reveal some
interesting aspects. Coefficient o (error term), which
shows the intensity of reaction of volatility to market
movements, tends to be small in the group of Indus-
trialised markets although such values were found to be
small in both groups. In addition, this coefficient is
negative for all industrialised markets when their vola-
tilities are modelled by TARCH. By using the same model,
coefficients @ for all BRIC markets were found to be
positive. This result suggests that volatility in Indus-
trialised markets is contrarily affected (positive/negative)
compared to variance innovations occurring in immediate
past periods, whereas for BRIC markets such an effect is
of the same magnitude.

Even though lag coefficients &, which indicate persis-
tent shocks on conditional variance, are high in all
markets, GARCH and TARCH models had higher values
for industrialised markets than for BRIC emerging ones.
This result shows that impacts on industrialised markets
took longer to dissipate.

Seven of the eight markets analysed, except China,
have clearly presented the effect of volatility asymmetry
in which negative shocks on market volatility had a more
intense effect than that of positive shocks. Nevertheless,
the values of coefficient ¥ of TARCH and EGARCH
models are higher (in module) for industrialised markets,
thus revealing a greater effect of asymmetry on their
volatility behaviour. Interestingly, the values of coefficient

¥ for the Brazilian market (0.16 and -0.14) were shown to
be similar, on average, to those for industrialised markets,
suggesting a behaviour closer to that of the latter, at least
regarding this aspect.

Conclusion

A new pattern of behavior of capital markets of the BRIC
countries, closer to that have the most developed
economies in the world, can mean significant changes in
destinations of foreign capital flows, in the attitude of
international investors, the cost of capital for these
countries and their businesses, leverage levels prevailing
in these economies, the composition of investment
portfolios in investment volumes, finally, in crucial res-
pects to the consolidation of a new map of the distribution
of wealth, economic stability profile, and vectors of
development, growth and technological advancement in
the world. To show the behavior of capital markets of the
BRIC countries is already similar, or closer, the behavior
of developed markets, this study examined the period
surrounding the international financial crisis of 2008, two
important aspects: it is during crises the differences and
similarities between emerging and developed markets,
are lighter, and because the crisis is recent (some
experts even believe that she has finished) and coincided
with the historical event and innovative invitation to the
BRIC countries to make up the select group called G20
and the new Council Permanent International Economic
Cooperation (replacing the council formed by represen-
tatives of the G8), not only reached the level of GDP, but
the importance of their economies.

The results showed that the BRIC markets, over that
period, had higher volatility (higher levels of risk) that the
developed markets. This finding is consistent with
virtually all the studies that evaluated this aspect of the



emerging markets, especially the studies of Shin (2005),
Singh et al. (2008) and Park (2010). The group of BRIC
markets have also shown similar behaviours compared to
those of the group of industrialised markets regarding
presence of persistent effects of shocks on volatility,
presence of volatility asymmetry, and slower reaction of
volatility to market variations. However, there are visible
differences in the intensity of each one of these
phenomena. The BRIC markets showed less persistence
to volatility shocks, less asymmetry, and faster volatility
reactions to market variations. The general conclusion is
that the capital markets of the BRIC countries still do not
behave like those of developed markets.
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This study constructs a two-period supply chain model consisting of two suppliers and one retailer using
a revenue-sharing contract. Considering random investment cost, the impact of supplier competition on
innovation strategy is analyzed and the equilibrium strategy of suppliers’ technology innovation game as
well as the optimal revenue-sharing contract is derived. It is found that technology innovation degree
influences supplier competition, technology innovation strategy and the form of the optimal revenue-
sharing contract. Supplier innovation can improve retailer’s profit, but it may reduce supplier’s profit as
well as the supply chain efficiency due to the uncertainty of investment cost and supplier competition.

Key words: Technology innovation, revenue-sharing contract, supply chain efficiency, game analysis.

INTRODUCTION

As corporation competition intensifies and market
environment becomes more changeable, the importance
of supply chain management keeps growing. Many
companies try to optimize supply chain contract to avoid
double marginal effect in the price-only contract (Lariviere
and Porteus, 2001), so as to achieve supply chain co-
ordination and improve supply chain efficiency. Revenue-
sharing contract is one of the supply chain coordination
contracts, which has a simple form and wide application
in several industries, such as automobile manufacturing
industry (Foros et al., 2009), E-commerce (Chen et al.,
2010), film production (Palsule-Desai, 2012), video rental

(Cachon and Lariviere, 2005) etc.. When using revenue-
sharing contract, the supplier sells the product to the
retailer with a lower wholesale price, as the retailer com-
pensates the supplier with a certain ratio of the sales
revenue. However, most studies of revenue-sharing
contract assume the supplier’s production technology
remains unchanged, ignoring the impact of supplier tech-
nology change on revenue-sharing contract efficiency. As
the speed of products upgrade quickens and the lifecycle
of production technology reduces, supplier technology
innovation is very common in various industries (Bartel et
al., 2005).
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In recent years, more and more enterprises increase their
R&D investment to strengthen the cost advantage and
their role in global supply chain (Nassimbeni and Sartor,
2007; Su et al.,, 2008). Supplier technology innovation
strategy influences production cost and investment cost,
which affects supply chain members’ profits and the
whole supply chain efficiency as well as the form of
revenue-sharing contract (Bonaccorsi and Lipparini,
1994; Narayanan and Raman, 2004). What is the optimal
form of a revenue-sharing contract considering supplier
technology innovation? What is the impact of technology
innovation on supply chain efficiency? These are the
guestions that have not been addressed in previous
literature and are the focus of our paper.

In competing environment, the supplier needs to take
into account the competitor’'s behavior in the process of
decision making (Altug and Ryzin, 2013). In addition, new
technology always has uncertain investment cost and
uncertain lifecycle. However, competition and technology
cost uncertainty, which has great impact on the revenue-
sharing contract efficiency, is not considered in existing
studies. In our study, we try to analyze competing sup-
pliers’ technology innovation behavior, and further explore
the impact of supplier competition and technology change
degree on revenue-sharing contract efficiency considering
technology cost and technology lifecycle uncertainty.
Specifically, in this study we will focus on the following
issues: Under a two supplier-one retailer supply chain
structure, what is the optimal technology innovation
strategy of two competing suppliers using revenue-sha-
ring contract? What is the impact of technology change
degree on the competition and profits of the suppliers?
What is the optimal revenue-sharing contract? How does
supplier technology innovation affect supply chain
efficiency?

Literature Review

Under the price-only contract, supply chain is a decen-
tralized system, where retailer makes the order decision
with the target of optimizing his own profit rather than the
whole supply chain. Thus, the order quantity under a
decentralized supply chain is smaller than that under a
centralized one, making the supply chain uncoordinated
(Lariviere and Porteus, 2001). Perakis and Roels (2007)
provide a quantitative analysis of the supply chain
efficiency gap between price-only contract and co-
ordinated contract under different supply chain structures.
Revenue-sharing is a coordinated supply chain contract
with simple form and is equivalent to many other co-
ordinated supply chain contract. A detailed analysis can
be found in Cachon and Lariviere (2005)’s study. For a
multi-supplier-one-retailer ~ supply chain  structure,
revenue-sharing can also achieve supply chain co-
ordination, and increase supply chain each member’s
profit to obtain a Pareto optimal (Gerchak and Wang,
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2004). In a one-supplier-two-retailer supply chain, Kong
et al. (2013) explore the potential of revenue-sharing con-
tracts to facilitate information sharing in a supply chain
and mitigate the negative effects of information leakage.
They find out that the incentives of the supplier and
retailers are better aligned under a revenue-sharing
contract, as opposed to under a wholesale-price contract.
The above research assumes that supplier has a steady
technology level, and gets a result that the revenue-
sharing parameter (the ratio of retailer’s revenue to the
whole product sales revenue) has no impact on the
supply chain efficiency. However, how to choose an
appropriate revenue-sharing parameter is of great
importance for enterprises in real life (Yao et al., 2008).
Palsule-Desai (2012) has found that the revenue-sharing
parameter influences supply chain efficiency, and the
optimal revenue-sharing parameter is a function of
retailer’'s whole sales revenue.

Technology innovation can be classified into discrete
type and continuous one according to the characteristics
of technology innovation process (Xu and Li, 2007). As
technology change is always uncertain, thus continuous
technology innovation is often characterized by a Markov
process (Gjerde et al., 2002; Liu and Ozer, 2009), while a
discrete technology innovation is depicted by a binomial
distribution (Li et al.,, 2003). When new technology
appears in the industry, the supplier makes a decision
about whether to adopt the new technology or how many
products to produce using the new technology. As
specialization division develops, the trend of adopting
new technology from an external party becomes more
significant, especially in high-tech industries such as tele-
communication (Ransbotham and Mitra, 2010; Schmidt
and Porteus, 2000). The adoption of new technology is
often reflected by the decrease of supplier production
cost. With an assumption that new production technology
cuts down production cost, Schmidt and Porteus (2000)
discuss how to achieve the target of becoming a
technology leader in a competitive environment with the
lowest cost. Kim (2000) studies the problem of optimizing
an incentive mechanism of technology adoption, where
the results show that supplier technology innovation can
reduce manufacturer’s raw material purchasing cost in a
supply chain coordinated technology innovation mecha-
nism. Wagner and Bode (2014) focus on the factors that
contribute to suppliers’ technology innovation through
empirical study, and find that contract length and the
relationship between the supplier and the retailer may
affect supplier’s technology innovation strategy.

In real life, suppliers often compete with each other to
obtain orders from the retailer, thus to choose an appro-
priate supplier is an important decision for the retailer
(Xia et al., 2008). Ho et al. (2010) provide a review about
the research on supplier selection, which has found that
supplier production cost and wholesale price are critical
factors in the process of supplier selection. Suppliers are
often characterized by operation performance terms of
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innovation strategy when new
technology appears

Figure 1. Sequence of event.

cost, delivery time, service level, or quality (Qian, 2014).
In competitive circumstances, innovation is the key to the
survival of enterprises and in recent ten years, to recog-
nize a supplier with high innovation ability is an important
task for the retailers (Schiele, 2006). In addition, supplier’s
investment on technology innovation and his innovation
capability are also key factors in the retailer’s supplier
selection process (Petroni and Panciroli, 2002).

Although supplier technology innovation has a big
impact on supply chain coordination and supply chain
efficiency; so far scholars have used the assumption that
supplier has unchanged production technology in their
study on revenue-sharing contract. The studies on sup-
plier technology innovation are mainly focusing on the
coordination and optimization of supplier technology
innovation mechanism, with few researches discussing
the impact of competing suppliers’ technology innovation
on revenue-sharing contract. Different from the above
studies, we would like to investigate the issue about how
will the two factors, which are supplier competition and
supplier technology innovation degree, affect the
suppliers’ equilibrium technology innovation strategies
and the supply chain revenue-sharing contract efficiency.

Model and analysis

Model description

Considering a two-stage supply chain model with two
suppliers (supplier N and supplierS ), who have different
initial production technology levels and one retailer. In
each stage, the retailer places an order on one of the two
suppliers. Assume in the first stage supplier N is the
technology leader, who has lower unit production cost,
that is ¢, <c,, where ¢, and c, are unit production cost

of supplier N and supplier S in the first stage, respectively.
The inverse market demand function is p=a—q, where p

is the product sales price of the retailer, a>0 is the
potential market demand and q is retailer’s product order

> {

Retailer: select supplier and
place order of stage 1

guantity. The sequence of event in the model is shown in
Figure 1, where ¥¢ stands for supplier's new production
technology, with a certain probability.

At the beginning of the first stage, the retailer selects
his supplier and makes the order quantity decision g, for
stage one. Retailer’s supplier selection decision is shown
by equation (1).

@)

|1, if retailer's first-stage supplier is S;
' 10, otherwise.

In the first stage, supplier's new production technology
appears with probability y, where 76[0,1], and the cor-

responding technology investment is a random variable
x, with probability density function and cumulative
distribution function being f() and F(), respectively.

x €[0,H] and the maximum value of random investment

cost is, with the realization of investment cost being K.
According to the realized investment costK, supplier

i(i=N,S) makes technology innovation strategy shown
as equation (2).

if supplier i adopts new technology;

1,
X, = ) 2
' {0, otherwise. @)
If supplier adopts new production technology, the unit
production cost reduces by s, where0<d <c,, and ex-
pends the corresponding investment cost K. According
to supplier's technology innovation strategy, at the
beginning of the second stage, the retailer chooses the
supplier for the second stage and makes the order
decision g, . Retailer’s supplier selection decision for the

second stage is shown by equation (3).

if retailer's second-stage supplier is S;

11
V2= {0, otherwise. ®)



Supplier’s technology innovation strategy

Cachon and Lariviere (2005)’s study shows that when
using revenue-sharing contract, the condition of supply
chain coordination is supplier i’s wholesale price w and

its unit production cost ¢, satisfy equation (4) as follows,
i=N,S,

W, = gc, (4)

where¢e[0,1] is revenue-sharing parameter (the ratio of

retailer’s revenue to the product’s whole sales revenue).
The supply chain profit allocation to the retailer and the
supplier is also decided by ¢ ; which means that the ratio

of retailer’s profit to the supply chain profit is also decided
by ¢.

In the first stage, as supplier N has lower unit
production cost, thus according to equation (4), supplier
N ’s wholesale price is lower than that of supplier S , that
is w, =¢c, <gc; =W, . Thus, in the first stage, the retailer

chooses supplier N, that is y, =0. The first stage profit

of the retailer and supplier N is shown by equations (7)
and (6) as follows,

7T, (q1)=¢R(q1)_WNq1 =¢[(a_q1)q1_CNq1] (5)
7 () =(1-4)R(@) +wWy g —cya = (1-¢)[ (a—-a,) 5 —cya, | (6)

where R(q,) = pg, =(a—0q,)q, is the whole sales revenue
of the products. The first order derivative of 7, (q,) to q,
is shown by equation (7).

o, (q,)/ 6g, =¢(a—2q,—cy) )

As 1, (q,)is a concave function, using the first order con-
dition we get the retailer’s optimal order quantity of the
first stage g, =(a-cy)/2. Correspondingly, we get the

first stage profits of the retailer, supplier N and the whole
supply chain, which are shown by equations (8) and (10).

7zr=¢(a—cN)2/4 (8)
' =(1-¢g)(a—c,)’ /4 9)
7, =(a—cy) /14 (10)

If new production technology does not appear at the end
of the first stage, that is y=0, the retailer will surely con-

tinue to choose supplier N in the second stage, that is
Y, =0; on the contrary, if new technology appears in the
first stage, thatis y >0, two suppliers will then make their
technology innovation strategies, which are denoted by
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% C(i=S,N, and the retailer will make his second stage
supplier selection decision Y,.The following proposition

shows two suppliers’ equilibrium technology innovation
strategies and retailer’s optimal supplier selection decision
of the second stage.

Proposition 1. When y >0, the equilibrium technology

innovation strategies of the two suppliers depend on two
suppliers’ initial production technology gap c; —c, , tech-

nology innovation degree ¢ and the realized investment
cost K,
@) If 6=c5—c,, the equilibrium technology innovation

strategies of the two suppliers are shown by equation
(11),
(0,2), ifO<SK<M;
(X5, Xy )=1 mixed strategy, if M, <K <M,; (11)
(0,0), otherwise.
where the mixed strategy is shown by equation (12),

(L,1), with probability ps py;

(1,0), with probability ps (1- py );

(0,2), with probability (1- ps) py;
(0,0), with probability (1-ps)(1-py )

(X5, Xy )= (12)

Retailer’s corresponding second stage supplier selection

decision is shown by equation
Error! Reference source not found.,
1 if (X, %, )=(10);
y,= ( s .N) ( ) (13)
0, otherwise.

(i) If 0< o <cg —c,, the equilibrium technology innovation

strategies of the two suppliers are shown by equation
(14),

(XS , XN):{(O,]-), ifO<K< Ml;

(0,0),  otherwise. (14)

Retailer’s corresponding second stage supplier selection

decision is shown by equationy,=0, where
_(1=¢) 2 2]\ _(1-9) 2
Ml_T[(a—cN+5) —(a—cy) J,MZ_ 1 (a—cs+6)
(a—c+8) —4K /(1-9)
N (a—cs +6)2
(a—c, )’ —(a—c, +8) +4K/(1-¢)
Ps = 2 '
(ach)

Proof. Retailer’'s supplier selection decision and the
profits of supply chain members of the second stage
under different supplier technology innovation strategy
combination are shown in Table 1. Two suppliers’
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Table 1. Retailer’s supplier selection decision and supply chain members’ profits of the second stage.

Xy =1 Xy, =0
If §>c¢, —c, » E:¢(a—°s+5)2/4 ,
y,=0 v, <1 SN:(1—¢)(a—cs+6) /14-K
—g(a-c, +5) /4 2 7y =0

=g¢(a-c ) /4
7 =(1-¢)(a-c, +8) 14-K If 6 <cs—cy» ”;S :_(K V)
Y2 =0 7 = (1-¢)(a=c, ) 14
Y, = Yo =0
z, =¢(a—c, +5) 14 z, =¢(a—c,) /4
X, =0 5 s
7, =0 7, =0

S

' =(1-¢)(a-c,+8) 14-K 7zl =

(1-¢)(a-c,) 14

equilibrium technology innovation strategies depend on
initial production technology gap ¢, —c,, , technology inno-

vation degree ¢ and the realized investment cost K,
which are discussed as follows.

1) I o=cs—c,, supplier's technology innovation
strategy depends on investment costK. As
a=¢;+2923c, —2C, =22¢c;, —C,; it is easy to find that
M, <M,.

For0<K <M,, the equilibrium technology innovation
strategy is (xs,Xy)=(0,1); for M, <K <M,, the equili-

brium technology innovation strategy is a mixed strategy.
Assume supplier S adopts new technology (X, =1) with

probability pg €[0,1], while supplier N adopts new
technology (x, =1) with probability p, €[0,1]. According
to the definition of Nash equilibrium, supplier i gets the
same profit under strategy x =0 or strategy x =1,
where i=S§,N. Thus we can get two equations shown as
(15) and (16).

~4Kp, +| (1-9)(a-c; +8)" ~4K |(1- p, ) =0 (15)
(1-¢)(a—cy +5) —4K =(1-p,)(1-¢)(a—c, )’ (16)

Solving equation (15) and equation (16), the expression
of ps and p, are as shown in proposition 1.

ForKk =2 M,,
strategy is (s, X )=(0,0) .

the equilibrium technology innovation

If 6>c;—c,, technology change degree is relatively

large. Retailer’s supplier selection decision is made
according to two supplier's technology innovation
strategies. When the equilibrium technology innovation
strategy is (xs,X,)=(10), retailer’s supplier selection

decision of the second stage is Y, =1; otherwise, y, =0.
(2) If 0<o<cg—cy, supplier's technology innovation

strategy also depends on investment costK .
For 0<K <M,, the two suppliers’ equilibrium technology

innovation strategy is (X, )=(0,1)
ForK>M,, the two suppliers’ equilibrium technology
innovation strategy is (xs, X )=(0,0).

If 0< & <cg —c,, technology change degree is relatively

small, thus supplier S will not adopt new technology. No
matter whether supplier N adopts new technology, the
retailer gets higher profit from supplier N ; thus retailer’s
supplier selection decision of the second stage isy, =0.
From proposition 1 we find that when technology inno-
vation degree is small, even if supplier N does not adopt
new technology and supplier S adopts new technology,
supplier N can still keep the technology leading advan-
tage. Thus, supplier N only needs to trade off between
investment cost and revenue to decide whether to adopt
new technology. However, when technology innovation
degree is big, supplier N needs to consider supplier
competition in the process of making technology
innovation strategy. Particularly, when investment cost is
in the range of M; <K <M, , supplier S adopts new tech-

nology with probability p; (1-p,) while supplier N does

not adopt new technology, which makes supplier S the
technology leader, and the retailer will choose supplier S
for the second stage. Considering the competition threat
of supplierS, supplier N will thus make an irrational
technology innovation decision, that is adopting new
technology to guarantee the sales opportunity for the
second stage even if investment cost is bigger than the
revenue brought by the new technology.

According to suppliers’ equilibrium technology inno-
vation strategies, with the consideration of random



investment cost and the probability of technology change,
the two-stage profits of supply chain members and the
supply chain two-stage efficiency are shown by
proposition 2.

Proposition 2. Considering a revenue-sharing contract
with supplier technology change. Wheno >c¢; —c,, the
two-stage profits of the retailer, supplier N and supplier
S are shown as equations (17) and (19), and the supply
chain two-stage efficiency is shown by equation (20).

pla-cy)? ¢y§2(2a 2c, +6)° 8¢y (2a—-c; —cy +5)(Cy +5—Cq)

T T e Y e gaaaeea)f
+¢§y§(2a—2cN+5)F(M )7¢y(cs—cN)(2a ¢, —Cy +26)(a—cq +6)° F(M,)
4 ‘ 4(a-c,) :
¢y (2a—2c, +5) (m,
o,y O
(17)
v (1= 2 2
I} =( 2¢)(a—cN) _[ F (x)dx — u[(a C;)?—25(cs—c )]F(Mz)
(18)
=0 (19)
HSC = Hr +H2‘ (20)
When0 < <cs —c,, the two-stage profits of the retailer,

supplier N and supplier S are shown as equation (21) to
equation (23), and the supply chain two-stage efficiency
is shown by equation (24).

m = qj(a—ch)z N ¢r5(2a—2c, +6) M) 21)
=(1-¢)(a-c,)* 12+, F(x)dx (22)

I’ =0 (23)

m, - @ 20 W)’ ¢7c’>‘(2a—42cN +6) F) O (29

Proof According to proposition 1, when & >c; —c,, the

two-stage profits of the retailer and two competing
suppliers depend on investment cost, which are shown
from equation (25) to equation (27).

?[(2—7)(a—cN Y +y(a-c, +5)Z] ifO<SK <M;;

(2-na-c) +7pi(a-c +0F |+ L p,0py)a-c, vaf (29)

+%(1_ D) (1= py)(@—cy Y if M, <K <M,;

%(a—cN)Z,isz§K<H.

B (2-y)(a-

N 4

c) +7(a-cy +6)' |-rK, if0<K <M,; (26)
¢y )’ ifM, <K <H.

=P (1-py)[(1-¢)(@—cs +5)*/4-K ], if M, <K <M,; 27)
0, otherwise.
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Therefore, when s >c¢, —c,, the two-stage profits of the

retailer and two suppliers under revenue-sharing contract
are shown as equations (28) and (30).

¢j [(2 y)(@-cy )’ +r(a-c, +§)]dF ¢_[ a-c,) dF(x) 29)

¢I [2 7)(@—cy ) +7py (a—cy +68) +ps (- py )(a—cs +6)° }dF(x)
L e p) -y )(ac, ) R ()

nSN:LMZ{M[(Z—W‘—CNV+7(a—CN+5)2] }dF(x)+

Z j (a—cy)?dF(x)

(29)
M= J (1 pN>[(1;¢) (@-c, +0) —x}dF(x) (30

When0 <6 <cg —C, , the two-stage profits of the retailer

and two suppliers also depend on investment cost, which
are shown in equations (31) and (33).

l2-r)(a—c,f +r(ac,+o) ] if 0<K <M,

7 =14 @31
%(a—cN)z, if M, <K<H.
1-¢

e %[(z y)(a=cy ) +7(a-c,+8) |-rKif0<K <My; i (32)
(1_2¢)(a—cN)2,ifM1sK<H.

7s =0 (33)

Thus, when0< 6 <c, —c,, the two-stage profits of the

retailer and two suppliers under revenue-sharing contract
are shown as equations (34) and (36).

¢I [2 )@a—-cy)? +7(a—cy +5) }dF(x)+%J’:](a_CN)2dF(X)

(34)
n§:jom‘{(lff’j)[(zfy)(af%)z+7(a7cN+5)2] }dF(x)Jr j (a—cy)2dF (x)

(35)
I =0 (36)

From proposition 2 we find that, as supplier N ’s potential
competitor, under a certain condition, supplier S will
replace supplier N, become the technology leader and
obtain the second stage order opportunity. Therefore, a
competitive environment will affect the technology
leader’s technology innovation strategy, and influence
supply chain efficiency. For supplierN, in order to
guarantee the sales opportunity of the second stage,
when investment cost is bigger than revenue, he still will
adopt new technology with a rather big probability. For
example, whenM, <K <M,, new technology cost is

bigger than revenue, considering the competition of
supplier S, supplier N still adopts new technology with
probability p, . As for the retailer, supplier competition

increases supplier N ’s technology innovation probability,
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which can improve retailer’s expected profit. Therefore,
the aim of retailer’s supplier evaluation and selection
process is to intensify supplier competition so as to
improve his own profit. From the above analysis, we can
also find that the competition between suppliers plays a
positive part in the improvement of supply chain product
technology.

As competing suppliers’ technology innovation behavior
has impact on revenue-sharing contract efficiency, we
would like to find out the optimal contract form (the
optimal revenue-sharing parameter) in this circumstance
S0 as to improve the supply chain efficiency.

Corollary 1. There exists an optimal revenue-sharing
parameter ¢ which makes revenue-sharing contract

achieve the highest efficiency in supplier technology
change environment; and when technology change
degree is small (0 <8 < ¢ —c, ), revenue-sharing contract

efficiency decreases in ¢ with the optimal revenue-
sharing parameter being¢” =0.

Proof. According to proposition 2, when technology
change degree is small, revenue-sharing contract effi-
ciency is shown as equation (37).

. - (a—2cN % +¢75(2a—420N +0) F) [P (3)

Take the first order derivative of I, to ¢, we get the
result shown as equation (38).
o, ¢y (2a-2c, +5)

SC

o 16

f(M,) <0 (38)

Thus, when technology change is small, revenue-sharing
contract efficiency is a decreasing function of ¢ and thus

the optimal revenue-sharing parameter is ¢* =0.

When technology change degree is big, revenue-sharing
contract efficiency is shown as equation (39).
_(@a-g) . #7567 (2a-2c, +5) 5[ 24a-2c, + 45 +(2-24)c, |- (1-4) r(a-c;)’

g —— F(M)+ F(M,)
2 4(a-cg +6) 4
¢17(Cs*CN)(23+25*CS*CN)(3*CS+5)2F(M ) BW(za*Cs*CN+5)(CN*5*C5)J‘M2F(X)xdx
a(a-c, ) Y (1-g) (a-c, ) (a-co +8) ™
d(2a—-2c, +0) ™, 2
L( v t9) j“:” F(x)dx + ijM F (x)dx (39)

(1-g)(a-cy)

Therefore, the revenue-sharing contract efficiency I1_, isa
function of revenue-sharing parameter ¢, and thus exists the

optimal revenue-sharing parameter ¢°, which can be
found from the first order condition of equation (39).

From corollary 3 we find that when technology change
degree is small, supplier N makes a cautious and
rational technology innovation decision without consi-
dering the competition of supplierS. Theoretically, to

achieve the highest contract efficiency, the best revenue-
sharing parameter is ¢° =0, with the aim of encouraging

supplier N to adopt new technology. That explains the
improvement of supplier production technology plays a
critical role to the increase of supply chain efficiency.
When technology change degree is big, however,
revenue-sharing parameter has impact on supplier's
technology innovation strategy, thus influences supply
chain efficiency. In the following section, we will provide a
detailed numerical analysis about the optimal revenue-
sharing parameter and its impact on supply chain
efficiency when the technology change degree is big.

Numerical analysis

From the analysis of section 3, we find that supplier’s
technology innovation behavior influences revenue-
sharing contract efficiency. In this section, we would like
to investigate the impact of new technology appearance
probability, revenue-sharing parameter and potential
market demand on supplier's technology innovation
behavior and supply chain efficiency. As technology
investment cost is uncertain, we will do the numerical
analysis when x follows a uniform distribution, that is

k~U[0,H]and an exponential distribution, that is

k ~e(4), respectively. In addition, as technology change

degree influences supplier's technology innovation
strategies, thus we will analyze the problem when
technology change degree is small, that is 0 <d <c¢g —c,

as well as technology change is big, thatis 5 >c; —c, . As

the analysis in section 3 shows that supplier S ’s expected
profit is O, thus in this section we concentrate on the
profits of supplier N and the retailer. For brief
expression, the supplier in this section stands for supplier
N .

Impact of supplier technology innovation on supply
chain members and revenue-sharing contract
efficiency

The parameters in the numerical analysis are as follows,
¢, =15, ¢, =12, J =8 (big technology innovation),J =2
(small technology innovation), 4 =0.005, H =1000 (From
several groups of numerical studies we find that when
parameters change we can still get the results).

Tables 2 and 3 show the profits of supplier and retailer
as well as the supply chain efficiency, using revenue-
sharing contract when revenue-sharing parameter is
big (4=0.8) and small (¢=0.2, respectively. We can
find that supplier technology innovation is always
beneficiary to the retailer, while it may decrease
supplier's profit and the whole supply chain efficiency
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Table 2. Impact of supplier technology innovation on revenue-sharing contract when »x=0.8.

xOU[0,H] xOe(d) N
o]
technology technology technology technology innovation
innovation innovation innovation innovation
Supplier’s profit 227 231 227 223 230
Retailer’s profit 936 922 1126 923 921
Supply chain efficiency 1163 1153 1353 1146 1151
Table 3. Impact of supplier technology innovation on revenue-sharing contract when x>=0.2.
xU[O,H] xDe(a)
- - No
Big Small Big Small technology
technology technology technology technology innovation
innovation innovation innovation innovation
Supplier’s profit 864 923 927 923 922
Retailer’s profit 245 231 297 232 230
Supply chain efficiency 1109 1154 1224 1155 1152
w~U[0 K] x~e(h)
1260 ' ' T ' T ' T ' — = 1350 : . ; . : : . ; :
-________._.—.-——"'"—-‘——_ 1340 F
1250 mB 69
1330}
1240} - 1320
1310}
1230 F — Big innovation — Big innovation

— == Small innovation
—€— No innovation
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1210 -

1200 1 1 1 1 1 1 1 1 1

1300 2 A
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—€— No innovation
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Figure 2. Impact of new technology appearance probability on supply chain efficiency.

(We obtain the same conclusion by altering the para-
meters several times). This is because if supplier adopts
new technology, the production cost decreases. When
using revenue-sharing contract, the wholesale price then
also reduces and the retailer can increase market
demand by cutting down the sales price of the product,
thus increasing the expected profit the retailer. However,
due to the supplier’s irrational technology investment
strategy caused by supplier competition, in some
circumstances, the investment cost exceeds revenue,
resulting in a lower supply chain efficiency and less
supplier’s expected profit.

Impact of parameters on revenue-sharing contract
efficiency

Impact of new technology appearance probability

Impact of new technology appearance probability on
revenue-sharing contract efficiency is shown in Figure 2.
As it can be seen, when technology innovation is small,
competition does not exist between suppliers; therefore,
technology innovation will improve supply chain effi-
ciency, which is a function of new technology appearance
probability. When technology innovation is big, impact of
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Figure 3. Impact of revenue-sharing parameter on supply chain efficiency.

new technology appearance probability on revenue-
sharing contract efficiency is influenced by investment
cost probability distribution. When investment cost follows
an exponential distribution, supply chain efficiency is an
increasing function of new technology appearance
probability; while when investment cost follows a uniform
distribution, supplier technology innovation decreases
supply chain efficiency and supply chain efficiency is a
decrease function of new technology appearance
probability.

Therefore, a small degree of technology innovation is
not influenced by investment cost and can improve
supply chain efficiency; on the contrary, when technology
innovation degree is big, supplier competition exists and
impact of supplier N'’s irrational technology innovation
decision on supply chain efficiency is affected by invest-
ment cost. When investment cost follows exponential
distribution, new technology brings revenue that exceeds
the investment cost, thus technology innovation can
improve supply chain efficiency; while when investment
cost follows uniform distribution, investment cost exceeds
the revenue brought by the new technology, resulting in a
lower supply chain efficiency.

Impact of revenue-sharing parameter

Impact of revenue-sharing parameter on revenue-sharing
contract efficiency is shown in Figure 3. It can be found in
the figure that revenue-sharing parameter has similar im-
pact on supply chain efficiency under different investment
cost distribution function. When technology innovation
degree is relatively big, supply chain efficiency is a
concave function of revenue-sharing parameter; while
when technology innovation degree is small, supply chain

efficiency decreases in revenue-sharing parameter. A
small technology change eliminates the competition
between suppliers, and from corollary 1, we find that
supply chain efficiency is a decreasing function of
revenue-sharing parameter. This is because when
supplier competition does not exist, supplier makes a
careful technology innovation strategy; thus when sup-
plier has higher revenue, he will be more active to adopt
new technology, resulting in higher supply chain
efficiency.

When technology innovation degree is relatively big,
competition exists between suppliers. By numerical
analysis, we find that the optimal revenue-sharing para-

meter is in the range of ¢’ e(O,l). In competing environ-

ment, in order to avoid supplier N ’s irrational investment
and the corresponding cost, the revenue-sharing
parameter should not be set too high; meanwhile, the
revenue-sharing parameter should not be too low, so as
to inspire the supplier to adopt new technology.

Therefore, the optimal revenue-sharing parameter¢”is

decided by trading-off between the investment cost
caused by irrational investment and the opportunity cost
caused by giving up adopting new technology.

Impact of potential market demand

Impact of potential market demand on revenue-sharing
contract efficiency is shown in Figure 4. As it is shown by
the figure, when investment cost follows different
distribution functions, the revenue-sharing contract
efficiency always improves as the potential market
demand increases. In addition, supplier technology
innovation can improve supply chain efficiency, which
alsoincreases as technology innovation degree increases.
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Figure 4. Impact of potential market demand on supply chain efficiency.

Besides, impact of supplier technology innovation on
supply chain efficiency becomes more significant as the
potential market becomes larger. This shows that for
different sizes of market demand, supplier technology
innovation can always improve supply chain efficiency,
which also increases in technology innovation degree.

Conclusion

This study analyzes the impact of competing supplier
technology innovation on the revenue-sharing contract
efficiency. A two supplier-one retailer two-stage supply
chain model is constructed with different initial technology
levels of the two suppliers. The equilibrium technology
innovation strategies of two suppliers and the optimal
revenue-sharing contract are analyzed. In addition, we
discuss impact of new technology appearance probability,
revenue-sharing parameter and potential market demand
on supply chain efficiency. The results show that when
technology innovation degree is big, suppliers need to
trade-off between investment cost and revenue and make
decision with the consideration of competition between
the suppliers, which may decrease supply chain effi-
ciency. However, when technology innovation degree is
relatively small, there is no need to consider supplier
competition, and technology innovation is always
beneficial to supply chain efficiency. Different with the
existing research, this study shows that the revenue-
sharing parameter affects the supply chain efficiency of
revenue-sharing contract when considering supplier
technology innovation and the optimal revenue-sharing
parameter is influenced by the degree of technology
change. Therefore, it is necessary to make an appro-
priate revenue allocation scheme considering different
degree of technology innovation, so as to improve supply

chain efficiency. It should be pointed out that we do not
consider the downstream supply chain competition; thus
the future studies should be on a supply chain consisting
of multiple retailers and the impact of supplier technology
innovation on revenue-sharing contract efficiency. In
addition, the impact of technology innovation on other
forms of supply chain contract, such as sales-rebate
contract, buy-back contract, etc. is also a research
direction worth studying.
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