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The Chinese passenger-vehicle industry contains a large number of
manufacturers. Some of them are members of big corporate groups
centered around state owned enterprises. These corporate relationships
may facilitate collusion. This paper applies the non-nested hypothesis
test methodology to data on passenger vehicles to identify whether
price collusion exists within corporate groups or across groups. Our
empirical results support the assumption of Bertrand Nash competi-
tion in the Chinese passenger-vehicle industry: We find no evidence for
within or cross-group price collusion. Our policy experiments show
that indigenous brands will gain market shares and profits if within-
group companies merge.

I. INTRODUCTION

THE CHINESE AUTOMOBILE INDUSTRY HAS EXPERIENCED RAPID DEVELOPMENT in
the last two decades; in particular, the sale of passenger vehicles has been
increasing by an annual growth rate of 20%. Since November, 2009, it has
been the largest global vehicle market, with annual sales of passenger cars
exceeding ten million. As a pillar industry of China, it has attracted
growing attention among researchers.1
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The structure of this industry is complex due to two remarkable features.
First, the market comprises a large number of 117 manufacturers. Second,
the most dominant manufacturers belong to corporate groups organized by
state-owned enterprise (SOE).2 On the one hand, the traditional theory
(e.g., Tirole [1988]) and empirical findings (e.g., Fraas and Greer [1977],
Hay and Kelley [1974]) suggest that collusion is less likely to occur when
there is a large number of firms in a market.3 On the other hand, manu-
facturers within a corporate group have common stakeholders, large
SOE’s, which may facilitate tacit collusion since common ownership,
similar to cross-ownership, may help with information exchange (Alley
[1997]) or reduce the incentive to compete in order to increase the total
profits (Reynolds and Snapp [1986]). Furthermore, some firms within cor-
porate groups have multilateral cross-holding investments in each other,
which suggests that it is even easier for those firms to set up tacit collusion
(Farrell and Shapiro [1990], Gilo et al. [2006], Qin, Zhang and Zhu [2010]).4

Moreover, the Chinese government encourages enterprise alliances and the
development of large groups,5 which reinforces the likelihood of collusion.
Hence, the competitive structure of the Chinese automobile industry is
indeed unclear.

This paper attempts to clarify how passenger-vehicle manufacturers in
China behave and tests whether companies within corporate groups
collude in setting price. To conduct the hypothesis test, we estimate the
demand and supply functions separately: We first apply the framework of
Berry, Levinsohn, and Pakes ([1995], hereafter BLP) to the national sales
and car features data of the Chinese passenger-vehicle industry, and esti-
mate the parameters in the demand model. In the second step, we use the
estimated demand parameters to calculate the markup under various
hypothesized competitive structures, which determines the ownership of
car models. The estimated markups are substituted into the pricing equa-
tion derived from the first order condition of firms’ profit maximization
problems. The estimated parameters in the pricing equation, therefore,
depend on the hypotheses of market structures.6 Then, by applying the

2 See Section II(ii) for details.
3 While studying a price-setting game with capacity constraints, however, Brock and

Scheinkman [1985] found that the likelihood of collusion is not necessarily monotonic in the
number of firms. As the number of firms increases, there may come excess capacity, which
makes punishment of cheating more severe. It is uncertain whether the large number of firms
in the Chinese automotive market actually hinders collusion.

4 Malueg (1992) suggests that increasing cross-ownership may reduce the likelihood of
collusion when firms interact repeatedly. Therefore, it is again inconclusive whether cross-
ownership facilitates collusion or not.

5 See Section II(i) for details.
6 Goldberg and Verboven [2001] argue that this two-step approach can reduce the compu-

tational burden and is flexible in experimenting with different hypotheses about the market
structures.
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non-nested hypothesis test methodology proposed by Rivers and Vuong
[2002], we analyze which hypothesis is supported by our data in the sense
that it generates the least pricing-equation residuals statistically.7 Based on
our empirical results, we conclude that no statistical evidence supports
within-group collusion in the Chinese passenger vehicle industry. For
robustness, we test other assumptions about corporate groups, for
example, that they could be led by foreign firms that hold key technologies.
However, our findings do not support any form of within-group collusion.

Our study focuses on horizontal collusion in price, assuming no vertical
restraints for all the manufacturers. Previous studies show that vertical
restraints, such as exclusive dealing or exclusive territory, may or may not
lessen competition. Piccolo and Reisinger [2011] show that exclusive terri-
tories facilitate tacit collusion between manufacturers in a framework of
repeated games. Nurski and Verboven [2012] also find that removing the
exclusive dealing will intensify price competition in the European automo-
bile industry. But Asker [2005] finds that exclusive dealing does not reduce
competition among brewers in the U.S. beer market. Exclusive dealing does
not prevail in the Chinese automobile market, and neither does exclusive
territory. For the top five auto dealers in China,8 for example, most sell
more than one brand in an area, while most manufacturers have more than
one dealer in a city. Given this fact, we do not investigate the vertical
restraints in this paper.

The question of whether collusive behavior exists within passenger
vehicle corporate groups is an important area of research because of the
impact it could have on future development in the industry. Neglecting to
account for collusion could lead to biased results in the study of entry,
merger and cost estimation. For example, the Chinese government encour-
ages mergers or collaboration among corporate groups,9 but a key argu-
ment against mergers is that consumers may suffer due to postmerger price
increases. However, if collusion exists, then mergers between allied firms
would not result in further price increases. Also, the ‘merger paradox’
suggests that it is more profitable for firms to avoid mergers (Stigler [1950]),
but conclusions may change if collusion already exists. So our identification
of the market structure may have political implications for the govern-
ment’s plan to develop this industry.

7 Since we restrict our study to the optimal pricing behavior of an operation, which could
be an independent firm or a colluded corporate group depending on collusive hypotheses, the
difference in market structure lies in the difference in an operation’s ownership matrix.
Therefore, our tests about the collusive structure become tests on different assumptions about
the ownership matrices. We thank an anonymous reviewer for pointing this out.

8 The top five dealers ranking by 2011 revenue are China Grand Auto, Pand Da Automo-
bile Trade Co. Ltd., Sinomach Automobile Co. Ltd., Lei Sheng Hang Auto, and Zhongsheng
Group.

9 See Section II(i) for details.
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In particular, our results may be of special interest to the policy makers,
who are more concerned about the long-term development of indigenous
brands. In March, 2009, the State Council of China released the Plan on
Adjusting and Revitalizing the Auto Industry, of which two main targets
are restructuring the market by merger and enlarging the market shares of
indigenous brands. There are many other possible combinations of merger
to realize these targets, and the plan was not restricted to the within-group
pattern. To illustrate the merger effects based on our findings about the
competitive structure, we simulate two merger scenarios and compare the
effects of these mergers on the market shares and profits of indigenous
brands. Our empirical results show that mergers among firms within cor-
porate groups will expand the market shares of indigenous brands more
than mergers among indigenous brands across corporate groups.

This paper is different from previous research in a few ways. First, this
paper provides empirical evidence on the relationship between corporate
groups and collusion. Most research on this topic targets Japanese corpo-
rate groups, bank-centered financial keiretsu. Weinstein and Yafeh [1995]
found that group-affiliated firms actually compete more fiercely, rather
than collude with each other. Alley [1997] applied a conjectural variation
model to both Japanese and U.S. automobile industries to compare the
degree of collusion in each market, and found collusion exists among auto
makers within corporate groups, but he suggested that this is due to the
cross-shareholdings between members in a group. Since no conclusive
results have been derived, our research attempts to test this relationship.
Also, the corporate groups in our study, unlike keiretsu, are endogenously
organized by some members’ parent corporations, which are competitors in
the same industry. Their involvement in the cooperation of the subsidiaries
and market competition makes the industry structure more ambiguous. On
the one hand, membership is not random. Members mutually choose each
other, so it is likely that they would cooperate with each other. On the other
hand, however, parent companies tend to set up subsidiary joint ventures
with firms producing differentiated products, which makes collusion unsta-
ble since it is hard to detect deviations. This paper attempts to test whether
pricing collusion exists within such corporate groups.

Second, this paper is the first formally to test the market structure of the
Chinese automobile industry. Previous studies of this industry have
assumed without proof that the market structure exhibits Bertrand Nash
competition (Deng and Ma [2010], Xiao and Ju [2011]), neglecting the
possible collusion within corporate groups. This might lead to biased esti-
mation of parameters in a structural model if collusion exists (Bresnahan
[1987], Ciliberto and Williams [2010]) or poor prediction of structural
changes such as merger simulation (Peters [2006]).

Third, we use a unique data set that captures more recent developments.
Our data are more consistent with the assumption of utility maximization
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in consumer behavior, given the fact that most sales come from private
households at present. Previous studies, such as Deng and Ma [2010], used
historical data before sales of passenger vehicles soared. During their data
period, usually before 2001, the major consumption of passenger vehicles
came from demand for taxicabs or commercial vehicles. Personal consump-
tion only accounted for 10.9% of the total sales of passenger vehicles in
1995, but rose to 62% in 2002 and jumped further to 89.9% in 2010.10 Given
that the consumption behavior of commercial users is quite different from
That of personal consumers, our data on recent sales in the Chinese market
from 2004 to 2008 more accurately reflects consumer preferences for pas-
senger vehicles. This is even more important for analyzing the market
structure based on demand estimation.

Finally, we use a hypothesis testing methodology that was recently devel-
oped by Rivers and Vuong [2002]. By using this method, we can directly
identify which structure hypothesis best fits the data. Alley [1997] employed
the conjectural variation method, which suffered from the Corts critique
[1999]. Weinstein and Yafeh [1995] proposed some hypotheses for testing,
but did not actually adopt econometric tools to identify whether a collusion
hypothesis better fits the data. We apply the nonnested test method pro-
posed by Rivers and Vuong [2002], because it does not have the problem of
the Corts critique and does not require either alternative models to be
tested to be correctly specified. This method has been applied in some other
empirical work. For example, Bonnet and Dubois [2010] applied it to test
the nonlinear pricing structure and vertical relationships between manu-
facturers and retailers in the French market for bottled water; Bresnahan
[1987] used a logically similar method to test whether the price war in 1955
was caused by a change in market structure from collusion to competition.

The rest of the paper is organized as follows: Section II introduces the
background on the Chinese passenger-vehicle industry. Section III lays out
hypotheses corresponding to various competition structures. Section IV
describes the model and econometric analysis method. Section V shows our
empirical findings. Section VI summarizes the paper.

II. THE CHINESE PASSENGER-VEHICLE INDUSTRY AND DATA

II(i). Industrial Policies

The Chinese automobile industry dates back to the 1950’s with the estab-
lishment of First Automotive Works (FAW). However, production of
passenger vehicles for the mass market did not begin until the early

10 Data are from State Information Center of China, 2011.
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1980’s.11 Since then, demand for passenger vehicles has increased dramati-
cally due to China’s economic growth, so much so that the existing firms
could not satisfy the demand for either quality or diversity of products. To
speed up technological transfer and foreign investment, China’s govern-
ment invited foreign car makers to establish joint ventures with large
SOE’s.

The National Development and Reform Commission published its
Policy on Development of Automotive Industry (PDAI) in 1994, which
gave priority to foreign investors with advanced technologies. Attracted by
the beneficial policies, most global car makers set up joint ventures in
China. In particular after China’s acceptance into the World Trade Organi-
zation in 2001, the tariff on vehicles declined dramatically to 25% by 2006
and the government dropped its local content requirements.12 As the
number of joint ventures increased further, the industry became more
competitive and grew faster than ever. In 2002 and 2003, passenger car
production grew by 55.2% and 85.0% respectively, while the number of
product models and brands increased from 10 brands and 20 models in
1999 to more than 60 brands and 130 models in 2004. (Holweg, Luo, and
Oliver [2009] and China Automotive Industry Yearbook [2005]). In
response to the new situation, the PDAI was revised in 2004 to reflect the
country’s more open trade policies.

This policy, which encourages enterprise alliances and mergers, stated as
follows:

The State encourages development of automobile enterprises groups and
forming a new pattern of competition. The country will optimize and
upgrade automobile industrial structure by strategic restructuring
among enterprises on the basis of market competition in integration with
macro control. Strategic restructuring is aimed at supporting automobile
production enterprises to organize large groups by asset restructuring,
encouraging the founding of enterprises alliances in a co-operation form
of complementation of advantages and resources sharing in order to
shape up a production pattern of co-ordinated development of large
automobile enterprises groups, enterprises alliances and special-purpose
vehicle production enterprises. (‘Policy on Development of Automotive
Industry, 2004’, Article 13)

11 Deng and Ma [2010] record the history of this industry from inception. From the 1950’s
to early 1980’s, Chinese automotive manufacturers mainly produced trucks. The limited
supply of passenger vehicles was sold mainly to government officials. Only after China’s
reform and opening to the world did Chinese auto firms extensively produce passenger
vehicles.

12 This policy requires joint ventures to use 40% of locally made parts and components in
their first year of production, and this ratio must increase to 60% and 80% in the second and
third years, respectively (Holweg, Luo and Oliver [2009]).
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Together with the presence of prevailing corporate groups, this policy
may eventually encourage collusion or alliance between manufacturers
within corporate groups. In this paper, we focus our analysis on the com-
petitive structure in the industry since this policy took effect.

II(ii). Major Competitors

At present, Chinese manufacturers of passenger vehicles can be categorized
into two types: indigenous-brand manufacturers, such as BYD, Geely, and
Chery, and joint ventures between local manufacturers and foreign car
makers such as Shanghai Automotive Industrial Corporation (SAIC) with
Volkswagen and General Motors (GM), Beijing Automotive Investment
Company (BAIC) with Hyundai, and Dongfeng with Honda.13

Indigenous-brand manufacturers are usually independent and owned by
private companies or local governments, although they may actually
imitate the technology of foreign makers (e.g., GM filed a lawsuit against
Chery for mini car piracy in 2004) or use some components of the foreign
makers (e.g., Holweg, Luo, and Oliver [2009] found that Chery used
Volkswagen components). Currently, these indigenous manufacturers have
their own research and development (R&D) departments, and their prod-
ucts are mainly low-end small cars. Their market shares are relatively small.
Joint ventures, on the other hand, usually belong to corporate groups,
centered around SOE’s. For instance, SAIC-Volkswagen and SAIC-GM
are subsidiaries of The SAIC Group. These corporate groups possess rela-
tively new technologies, so most of their products are medium to high end.
Currently, joint ventures dominate this industry, but local brands are
expanding rapidly. In 2009, sales from joint ventures accounted for 67.5%
of the passenger-vehicle sales in the Chinese market, while indigenous
brands accounted for 32.53% of total sales. The market share of local
brands increased by 6.6% over 2008.14 As their sales have expanded rapidly
in recent years, they are playing a more significant role in China’s market.

Figure 1 shows a rough picture of this industry. Each pair of firms
connected by a line constitutes a joint venture, while the independent firms
scatter around. Joint ventures in a solid line box belong to one corporate
group. Most joint ventures belong to large groups, which are usually inde-
pendent of each other, although some of them are connected by foreign
makers that hold shares in more than one joint venture. Currently, large
corporate groups dominate this industry in terms of market share. Table I

13 Due to the lack of technology, some local firms merged their indigenous-brand plants
into their joint ventures with foreign partners. Therefore, although most joint ventures only
produce car models of their foreign partners’ brands, some joint ventures also produce
indigenous-brand models (e.g., FAW).

14 China Auto Industry Development Annual Report, 2010.
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lists the top 10 manufacturers (groups) by sales. Corporate groups rank
higher than the independent indigenous-brand manufacturers BYD, Geely,
and Chery.

Corporate groups may facilitate collaboration among members for
several reasons. First, the centered SOE holds significant shares in all the
members of a group. According to the PDAI, SOE’s must hold at least a
50% stake in a joint venture. For their profits, SOE’s tend to coordinate
among their subsidiaries. Second, some presidents or chief managers of
subsidiary companies also hold or have held positions in the parent SOE’s
or other subsidiaries, which may facilitate information and personnel
exchange.15 Third, there is technology sharing among group members; in
particular, the indigenous-brand makers usually adopt technology from
one or all joint ventures in the same group. These characteristics may lead
the members in a corporate group to behave differently from independent
firms. We test whether collusive behavior exists within these groups.

II(iii). Data

Data used in this paper come from two sources. The sales data are obtained
from the China Association of Automobile Manufacturers (CAAM).
CAAM is a nonprofit social organization established in May, 1987. It is a
member of the International Organization of Motor Vehicle Manufactur-
ers. CAAM consists of 1,580 member units, including all the major car
manufacturers, car parts suppliers and research institutes in China. It col-
lects production and sales data to track the market trends in China and

15 The concurrent holding of positions is very common for all the corporate groups.
Usually, a representative of government holds the chairman’ position on the boards of several
joint ventures dominated by SOE’s within a group. For example, Tianjin FAW Xiali Auto
Co., Ltd and FAW Car Co., Ltd, within the FAW group share the same board chairman, as
do subsidiaries in the Dongfeng Group.

TABLE I
TOP 10 PASSENGER VEHICLE MANUFACTURERS (GROUP) BASED ON 2009 SALES

Manufacturers Sales (units)
Growth Rate

(Percent, over 2008)

SAIC-Group 2,705,457 57.23
FAW-Group 1,944,576 26.85
Dongfeng Motor Corporation 1,897,728 43.70
Chang’an Vehicle Group 1,869,802 117.07
Beijing Automotive Industry Holding Co. 1,242,980 61.08
Guangzhou Automotive Group 606,621 15.33
Chery 500,303 40.50
BYD 448,397 162.40
Huachen Automotive Group 348,307 22.11
Geely 329,104 48.36

Source: China Automotive Industry Yearbook 2010.

COLLUSION OR COMPETITION? 9

© 2014 The Editorial Board of The Journal of Industrial Economics and John Wiley & Sons Ltd



abroad. Its members report their sales and output information at the
product model level every month. An interesting fact is that most entries
and exits of car models occurr in January or some month in the second half
of the year. In other words, the market structure over half-year intervals is
quite stable. We aggregate the monthly data into half years by using the
mean of monthly sales.16 To derive the market shares, we set market size at
the number of urban households in China, reported in the fifth national
population census by the National Bureau of Statistics in 2000, and assume
it to be constant over periods.17

Table II reports how representative our data are. Our data cover 76.3%
sales on average over 2004–2008. Since sales data include domestic sales
and exports, and most exports are small displacement cars, so our data
overestimate the domestic market shares for small cars. However, Table II
shows that exports only account for 2.98% of passenger-vehicle sales on
average. Imported cars and used cars are substitutes for new domestic cars,
but they are not included in the sales data. Although the imports only
account for 4.8% on average, the sales of used cars is relatively significant,
amounting to 18.08% of new car sales. Since we do not have data on either
imports or used cars, we treat them as outside goods, together with new car
models excluded from our data set and nonpurchase options.

To complement the sales data, we also collect automobile characteristics
from a monthly journal, Car Market Guide (CMG), which publishes the
manufacturer’s suggested retail price (MSRP), weight, power, displace-
ment and other information at a more extensive car model level. For
instance, CMG distinguishes between automatic and manual transmissions
for a model, while CAAM aggregates both statistics for the same car
model. Because most cars sold in China have automatic transmissions, we
focus on that data category when available. The summary statistics are
listed in Table III. The sample size is 1693, which covers most car models
sold between January, 2004, and December, 2008.

Our price is the MSRP published by CMG, inflation-adjusted to 2003
prices. Busse et al. [2006] suggest that the actual transaction price could be
quite different from MSRP due to dealer and consumer promotions, and
Hellerstein and Villas-Boas [2010] find that the median transaction prices
could be several thousand dollars less than the MSRP on average and exhibit
more monthly variation than the MSRP in the U.S. auto market. In the

16 We do not use the total sales over the half year since observations for some product
models are unbalanced due to entry or exit. To make the sales data comparable across
models, we use the mean here.

17 The number of urban households is 84.9 million, 25% of the total number of households
in China. Due to the low incomes and limited availability of auto loans in rural areas, most
car consumers are urban residents. By the end of 2009, 100 urban households owned 10.89
units of cars, according to the National Bureau of Statistics; the number for rural households
was negligible so it was not reported. Therefore, we choose the number of households in cities
as the potential market size. Our analysis is not sensitive to this assumption.
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Chinese auto market, price promotions sometimes also apply. In particular,
we find price discounts are more frequently applied to low-end car models
rather than the high-end models,18 since consumers of high-end models are
usually less sensitive to the price. By using the MSRP, therefore, we may
have underestimated the consumers’ price sensitivity. But given the unavail-
ability of the individual transaction data, we have to follow Deng and Ma
[2010] and BLP [1995], using the MSRP to match our aggregate sales.

Car features used in our analysis include fuel consumption, weight,
power, and brand information. Fuel consumption is measured by liters of
fuel consumed per 100 kilometers. Car models vary widely for this feature:
The most efficient car consumes 3.6 liters per 100 km, while the least
efficient car uses 21.7 liters per 100 km. Weight is measured by kilograms,
and it also demonstrates a large variation over models. Power is measured
by kilowatts. The brand dummies indicate the origin of the model’s brand.
For instance, car models produced by joint ventures with GM, Ford, or
Chrysler have brand dummy American as 1, while those produced by joint
ventures with Honda or Toyota have brand dummy Japanese as 1. The
mean of these brand dummies indicates that American cars account for
11.8%, Japanese cars for 23.8%, and European cars for 25.8% of the total
number of car models.

Impressively, Chinese indigenous brands account for 30.8% among all
car models produced, with their sales accounting for 26.6% over the sample
periods, which shows indigenous brands play a significant role in their
domestic market. The top indigenous brands by sales are Chery, Geely and
BYD, which are independent of any corporate groups; some indigenous
brands, such as Red Flag (product of FAW) and Roewe (product of SAIC),

18 For high-end models, however, transaction prices could be even higher than the MSRP.
For example, consumers had to pay RMB 50,000 more than the MSRP for the base model of
Audi Q5 during the early periods when this car was released to the market.

TABLE III
SUMMARY OF STATISTICS

Variable Mean Std. Min. Max.

Monthly sales 2271 2686 1 19185
Price (RMB1000) 149.5 110.3 24.19 797.2
Product share 2.68e-05 3.16e-05 1.18e-08 0.000226
Product within-group share 0.00591 0.00736 2.67e-06 0.0717
Efficiency (liters/100 km) 6.903 1.903 3.600 21.70
Weight (1000 kg) 1.341 0.3005 0.645 2.590
Horsepower (kw) 91.44 33.53 26.50 257
Dummy for American cars 0.118 0.322 0 1
Dummy for Japanese cars 0.238 0.426 0 1
Dummy for Korean cars 0.0786 0.269 0 1
Dummy for European cars 0.258 0.438 0 1
Dummy for Chinese cars 0.308 0.462 0 1
Observations 1,693
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are affiliated with one of the corporate groups. The main difference
between the independent and affiliated indigenous brands lies in their rela-
tionship with foreign brands. The independent indigenous brands mainly
rely on their own R&D for technological innovation, while the affiliated
indigenous brands rely more on their foreign partners from the joint ven-
tures in the same corporate group for technology. For example, Roewe
vehicles are primarily based on technology acquired from MG Rover. A
common feature for these indigenous brands is that most of their car
models are low-end products. Their total revenues account for only 15% of
the industry revenues, which is close to that of American cars (14.8%) and
much lower than that of European cars (27.8 %) and Japanese cars (34.3%).

The common target market makes the indigenous brand products close
substitutes, which influences their cooperative intention in two opposite
ways: on the one hand, it lowers the probability of cooperation since
deviation can enable a player to acquire relatively large market shares from
its close substitutes; on the other hand, however, cooperation can greatly
increase the price of all close substitutes. In this study, we assume they
conduct Bertrand Nash competition in various scenarios. But given the fact
that the updated industry policy, PDAI 2009, supports merger between
indigenous brands, we simulate a scenario where all the indigenous brands
cooperate in pricing decisions. Such cooperation is possible since the indig-
enous brands are solely owned by the Chinese firms. We make a compara-
tive static analysis and present the equilibrium prices and market shares of
the indigenous brands. Our results may be of special interest to the policy
makers, who are more concerned about the long-term development of
indigenous brands.

III. FACTS AND HYPOTHESES

Article 48 of the 2004 industrial policy explicitly stipulates that Chinese
participants in a joint venture with foreign makers must own at least 50%
of the company’s shares; a foreign firm can form joint ventures with only
two Chinese companies and may invest in a third firm as a party of a joint
venture. Therefore, Chinese firms retain at least equal decision power as
their foreign partners in most of the joint ventures. This generates the
possibility that joint ventures within corporate groups with SOE’s as a
parent company may collude.19 Also, as pointed out in the last section, the

19 As a stakeholder of SOE’s, the Chinese government could also organize a collusion
among all the joint ventures in which SOE’s hold dominant stakes. However, this does not
actually happen. Some SOE’s are owned by municipal governments, which have considerable
autonomy and pursue their tax income in their respective region. Even if the SOE’s are owned
by the central government, the local government still has significant influence on them
through supporting policies. Therefore, SOE’s are actually fragmented and it is hard for
different SOE’s to collude.
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chief personnel arrangement and technology exchange among members
may also lead to collusion. Hence, motivated by these industry policies and
facts, we make our first hypothesis about the competition structure as,

Hypothesis 1 (H1). Manufacturers within corporate groups centered
around a common SOE collude to maximize their joint profits.

However, the SOE in a group may not be a powerful organizer because
foreign makers actually control the subsidiary joint ventures in three ways.
First, they have the key technology or control over the research and devel-
opment department.20 The initial reason for Chinese SOE’s to cooperate
with foreign makers was to exchange markets for technology, but technol-
ogy transfer did not happen to any significant extent: Because joint ven-
tures dominated the Chinese market, they were able to operate with large
profits even while they postponed the update of products (Holweg, Luo and
Oliver [2009]). Since joint ventures must rely on foreign partners for tech-
nology, this gives foreign partners significant bargaining power in the joint
venture. Second, the key parts of cars are usually produced by foreign
makers or a joint venture controlled by foreign makers. Examples include
FAW-Volkswagen Engine Co., Ltd. (FAW 40%, Volkswagen 60%) and
Guangzhou Toyota Engine Co. Ltd. (Guangzhou Automotive 30%,
Toyota Investment (China) 12.4%, and Toyota 57.6%). Holweg, Luo, and
Oliver [2009] found that approximately 1,700 automotive component sup-
pliers had been registered in China, of which about 450 were partially or
fully foreign owned. Moreover, these joint ventures of international sup-
pliers possess advanced production technology and R&D capabilities,
therefore they actually lead in the components market. Third, foreign
managers usually occupy the most important positions in a joint venture
(e.g., the presidents of Guangzhou Toyota and Honda both are Japanese,
although neither of them has a dominant stake in the respective joint
venture). Therefore, there is a possibility that foreign makers may eventu-
ally break down the SOE-centered corporate groups and form their own
collusive groups to maximize their profits.

Hypothesis 2 (H2). Joint ventures with common foreign makers eventu-
ally form corporate groups, centered around these foreign makers, and
collude.

Corporate groups have some overlaps via some foreign makers, such
as Volkswagen, GM (FAW Groups and SAIC groups), and Honda
(Dongfeng Group and Guangdong Auto Group). If these foreign makers

20 For example, Pan Asia Technical Automobile Center Co., Ltd., the first Sino-foreign
automotive engineering and design joint-venture between General Motors and Shanghai
Automotive Company (SAC) in China, provides technical support to Shanghai GM.
Although GM and SAC each have 50% shares , the president and the core technical teams are
American engineers.
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have enough power in their respective groups, then corporate groups with
common foreign investors may have incentives to collude for the sake of
firms’ direct and indirect financial interests. Therefore, another possible
collusive scenario is,

Hypothesis 3 (H3). Collusion happens between companies belonging to
groups with common foreign investors, i.e., the foreign makers.

As a benchmark, our final hypothesis assumes that collusion does
not exist, and members in corporate groups seek profit maximization
autonomously:

Hypothesis 4 (H4). No collusion exists. Joint ventures conduct Bertrand
Nash competition to maximize their respective profits.

To make our analysis complete, we also test two other hypotheses. One
breaks the firms into smaller decision-making units, and another assumes
all corporate groups collude. Since the main purpose of this paper is to
investigate whether firms within corporate groups behave differently than
independent firms, we do not list these extreme cases here but instead
present them in the Appendix.

IV. EMPIRICAL MODEL AND HYPOTHESIS TEST METHOD

IV(i). Model

Demand. In our analysis of consumer behavior, we use a random-
coefficient nested logit model. The random-coefficient model imposes few
restrictions on own and cross-price elasticities since it allows heterogeneity
in the sensitivity of individuals to product prices. All automobiles in our
sample set are placed in a single nest and separated from outside goods
since consumers’ preferences for products in the same market could be
correlated but different from preferences for outside goods, which are quite
different from our sample products (see data section for details).

The indirect utility of consumer i from purchasing product j at market t is

u p Efficiency Weight Horsepowerijt i jt iE j iW j iH j= − + + +
+
β α β β β

β
0 ln

iiA j iJ j iK j iE j j ig ijtAmr Jap Kor Eur+ + + + + +β β β ξ ζ ρε ,

where pjt is the price of product j at market t; Efficiencyj measures the fuel
consumption. Weightj is the product weight, and Horsepowerj indicates the
power. Amrj, Japj, Korj, Eurj, are binary variables indicating the area of
origin associated with the model’s brand. Since Japanese and Korean cars
have reputations for fuel efficiency, they are close substitutes to the indig-
enous cars; thus, we specify their country of origin. We categorize all
brands into five groups with origins from Japan (Japj = 1), Korea
(Korj = 1), Europe (Eurj = 1), America (Amrj = 1), and China (all the binary
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variables equal to zero). These variables are usually regarded as the main
factors affecting car choice. Our specification of observable characteristics
is similar to literatures about the U.S. car market (e.g., BLP [1995], Train
and Winston [2007]) and European car market (e.g., Goldberg and
Verboven [2001]). The difference is we do not employ car size as they do;
therefore, we use weight as an independent measurement of comfortability,
rather than using it to normalize the horsepower as the above literatures
did. Hence, it will not be surprising to get a positive estimate for this
variable. BLP [1995] also includes a dummy variable for air-conditioner,
which only accounts for 11.6% among car models between the 1970’s and
1990’s. We do not use this variable since an air-conditioner has been a
standard equipment in most car models since. Another frequently used
variable in studies of the automobile market is displacement. We found that
it is highly correlated to power, so we did not include it in the demand
model.

In the equation, ξj are unobserved product characteristics, which may
also influence consumer utility; ξjg is a nested logit random taste that is
constant across automobile products and differentiates transportation by
automobiles from the ‘ outside’ good. ρ is the nested logit parameter, which
approaches one when the within-group correlation of utility levels goes to
one and approaches zero when the within-group correlation goes to zero.
εijt is the consumer-specific deviation from the mean utility, and α, β0, βiE,
βiW, βiH, βiC, and ρ are demand parameters to be estimated. We further
assume that coefficients of price and product characteristics depend on
individuals’ idiosyncratic tastes and could be decomposed into two parts:
the average preference, α or β, and idiosyncratic preference, μvi, where μ
measures variation in consumers’ tastes and vi is consumer’s idiosyncratic
taste, following log-normal distribution for price coefficient and normal
distribution for coefficients of other characteristics, respectively; therefore,
the coefficients for price and product characteristics could be written as,
αi = α + μvi and βi = β + μvi, respectively.

If we use x to denote the vector of product characteristics, and θ to
denote the vector of parameters on the demand side, then Berry [1994]
shows that the market share of product j is a function of product price, p,
unobservable characteristics ξ, observable characteristics xd, and function
parameters θ, as follows:

(1) s
e

e e
jt

d

k k

ijt

ikt ikt

p x, , ,x θ
δ ρ

δ ρ ρ δ ρ ρ( ) =
( ) + ( )

−( )

−( ) −( ) −∑ ∑

1

1 1 1
1(( )∫ dvi

where δ θ ξijt t
d

i j= +x is the mean utility of product j for individual i. Here,
the aggregate market share for product j at market t is the integration of the
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individual market share over the distribution of the idiosyncratic taste
distribution.

Supply. On the supply side, we use operation to name the price-setting
unit. It could be a manufacturer competing with others independently or a
corporate group consisting of manufacturers. In various scenarios, opera-
tion is a profit maximizer. It coordinates pricing decisions on all the prod-
ucts under its control,

max , , , , , ,
p

jt jt
d

j
j j

s
j

jt j f f

p Ms C
{ } ∈∈

( ) − ( )∑
F F

p x xx θ ω γ

where Ff denotes the set of car models produced by operation f. M is the
market size, which is exogenous to our model. C j j

s
jx , ,ω γ( ) is the total

cost. The corresponding marginal cost is denoted by c j j
s

jx , ,ω γ( ), where γ
is a vector of unknown parameters, and x j

s and ωj are the vectors of
observed cost components and unobserved cost components, respectively.
We specify the marginal cost function for product j as follows:

(2)
lnc Efficiency Weight Horsepower

Amr Jap
j E j W j H j

A j J

= + + +
+ +
γ γ γ γ

γ γ
0

jj K j E j jKor Eur+ + +γ γ ω ,

where cj is the marginal cost for product j, which is assumed to be invariant
over time. The other independent variables are defined the same as on the
demand side; γs, are unknown cost parameters to be estimated.

In equilibrium, the optimal prices of operation f satisfy the following
first-order conditions:
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Or, in the form of vectors, the first-order condition can be written as
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and I is the ownership/coordination matrix with

(4) I
j r

jr
f f=

∈ ∈⎧
⎨
⎩

1

0

,

, ,

if and

otherwise

F F

where .* stands for entry-by-entry multiplication instead of the usual
matrix multiplication.

Here, −(Dps.*I)−1s in equation (3) is the difference between the MSRP
and marginal costs of manufacturers; therefore, it is the sum of the retail
and manufacturer price-cost margins. Given that MSRP is set by the
manufacturer, and it is competitive on the retailer side, we assume the
retailers’ margins account for the same portion of the total price-cost
margins across all brands, which implies that the price-cost margins are
determined by the competition structure on the manufacturer side. From
the equilibrium price equation (3) and cost function (2), we can derive an
identifiable equation as follows,

(5) ln ( . )p s p I s p x+ ( ) ∗ ( )( ) = +−Dp
s

j
1 γ ω

Equation (5) shows that the difference in price-cost margins over differ-
ent scenarios stem from the ownership matrix (4). Therefore, to test the
alternative hypotheses about the competition structure actually is to
examine which assumption of the ownership matrix makes the observed
cost variables best fit the estimated marginal costs.

IV(ii). Estimation

We estimate the parameters on the demand side and supply side in
sequence. In this way, we ignore the correlation between the demand and
cost functions and assume consistent consumer behavior in various sce-
narios.21 Because parameters on the demand side describe consumers’ pref-
erence over product features, which embodies the nature of underlying
market demand over our sample period, it is reasonable to assume demand
to be consistent under various scenarios, and indeed it is standard in the
literature (e.g., Bonnet and Dubois [2010], Goldberg and Verboven [2001],
Villas-Boas [2007]). After estimating the parameters θ on the demand side,
we plug the fitted value θ̂ into the left-hand side of equation (5) and then
estimate the cost-side parameters γ using the method of generalized least
squares.

For the demand-side estimation, the procedure follows BLP methodol-
ogy using the generalized method of moments (GMM). One problem with

21 We also estimated the parameters on both sides jointly. The results are quite similar to
the ones presented here, except for the scenario of all-firm collusion.
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the demand estimation lies in the aggregation of individual product choice
probability into the market level since we only have data on aggregate
market share rather than individual purchase records. To derive aggregate
market share in equation (1), we need to know the idiosyncratic consumer
preference vi, which is actually unobservable. Since it follows log normal
distribution, we use a simulation method to make n random draws from its
distribution and calculate the individual purchase probability for each
product.22 Finally, we calculate the aggregate market shares using a
numerical method as follows:

(6) �s
n

e

e e
jt

d

k k

ijt

ikt ikt

p x, , ,x θ
δ ρ

δ ρ ρ δ ρ
( ) =

( ) + ( )
−( )

−( ) −( )∑ ∑
1

1

1

1 1 11−( )∑ ρ
vi

We use contraction mapping and a direct search algorithm to estimate
the demand parameters, by matching equation (6) to observed market
shares. Specifically, for each set of starting values of �ρ , and the parameter
of idiosyncratic tastes, �μ, we use contraction mapping to find a vector of
product mean utility, � � �δ ρ μijt ,( ), minimizing the distance between the pre-
dicted market share �s jt and the observed market share. Then, the difference
between mean utility and the product of observable product characteristics
and their associated parameters generates the unobservable characteristic,
ξj. Using the fact that ξj is independent of some exogenous variables, we can
construct the moment conditions. By searching over �ρ and �μ using Nelder-
Mead simplex algorithm, we can find the optimal solution minimizing the
moment conditions.

Since the unobservable characteristics in our model are correlated with
price, another problem with the demand estimation is the endogeneity
problem. To solve this problem, we choose instrumental variables (IV) as
specified in the next subsection. We assume one set of instrumental vari-
ables, zd, to be mean independent of unobserved product characteristics, ξ,
in equation (1). Then, the demand estimator will satisfy

E zj
dξ θ( )⎡⎣ ⎤⎦ = 0,

or

E m θ( )[ ] = 0,

where, m(θ) = (δj−xdθd)zd. The corresponding sample moment condition is
given by,

22 In this study, we set n = 2000.
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(7) Ĝ
n

x zj
d d dθ δ θ( ) = −( ) =∑1

0

Asymptotically, we choose the estimator that minimizes the weighted
sum of the squared moment conditions (7). Following BLP, we use an
inverse matrix of instrumental variables as the weighting matrix in the
GMM estimation.

Knittel and Metaxoglou [2012] point out that different starting values
and tolerance values for the fixed-point iterations may lead to convergence
at multiple local minima for the random-coefficient discrete choice model.
To guarantee the robustness of our demand estimates, we try 50 different
pseudo-random starting values drawn from the standard normal distribu-
tion and choose a tight tolerance for the change in the parameter vector,
1E-10. We employed the Nelder-Mead simplex searching algorithm
without using analytical gradients since Knittel and Metaxoglou [2012]
suggest that the other search algorithm with analytical gradient does not
necessarily generate more consistent estimates.

IV(iii). Instruments

The first set of demand IV’s is own and rivals’ exogenous product attrib-
utes. The instruments along this line include exogenous product charac-
teristics (including efficiency, weight, horsepower, and country dummy
variables that indicate the origin of the models’ brand), the corresponding
sum of the exogenous characteristics (including efficiency, weight, and
horsepower) of the other products by the same operation, and the cor-
responding sum of the exogenous characteristics (including efficiency,
weight, and horsepower) over products of the other operations. The
second set of demand IV’s includes the squares of the first set of IV’s,
following Train and Winston [2007]. The validity of these instruments
stems from the assumption that the observed product characteristics are
independent of the unobservable characteristics, and the fact implied by
the first-order condition equation (3) that own and rival products have
different effects on the product markup. We use the first and second
order sum of characteristics of own and rival products to approximate
the nonlinear function of these characteristics in the first order
conditions. All these IV’s will affect pricing decisions, so they are corre-
lated with price, but they are independent of the error terms since they
are exogenous to the demand side; hence, they are valid instrumental
variables.

The third set of demand IV’s includes the interaction of steel price with
the first set of IV’s and the interaction of labor cost in the transportation
manufacturing sector with the first set of IV’s. Given the fact that about
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50% of steel inputs for car production in 2003 were imported,23 we use the
export price index for iron and steel mill products from the U.S. Bureau of
Labor Statistics to measure the steel price. We use these factor price indices
as cost shifters to show the efficiency of the first two sets of IV’s.24

IV(iv). Identification

The number of demand parameters is determined by the dimension of
product characteristics in the indirect utility function. Given the
endogeneity problem for the price and within-group market share, we need
at least two more exogenous variables excluded from the demand side to
identify the demand parameters, using the moment condition (7). As dis-
cussed in Section IV(iii), our IV’s are valid to construct two extra moment
conditions to identify the demand parameters. Since we use the sum and its
squares of the characteristics over own and rival products, we actually have
more moment equations than parameters; so demand parameters are
overidentified. We apply GMM estimation to handle the overidentification
problem using the weighting described in Section IV(ii).

Using the estimates on the demand side, we can estimate the price-cost
margin and thus the marginal costs in equation (5) under each hypothesis
of the market structure. Since marginal costs are correlated with the
product characteristics, by estimating the correlation between the esti-
mated marginal costs and product characteristics we can identify which
hypothesis regarding the market structure fits the cost estimates best.

IV(v). Nonnested Tests for Market Structure

We use the Rivers and Vuong [2002] method to test hypotheses proposed in
the previous section (see Appendix for details). Intuitively, different
hypotheses correspond to different assumptions on the ownership matrices
(4). For example, the ownership matrices are an identity matrix for single
product competition and a matrix with each element equal to 1 for full
collusion. When we estimate equation (5), it will generate various residuals
for different ownership matrices. We compare the residuals for each pair of
hypotheses and construct statistics using the ratios of the residuals. We
reject the null hypothesis except when the residuals from a null hypothesis
are significantly smaller than those from an alternative hypothesis. We
perform the pairwise tests on any two of the hypotheses since the test results
are not transitive.

23 Report on China Automobile Steel Market 2003–2005, by Great Wall Securities Co. Ltd.,
[2003].

24 We thank an anonymous reviewer for suggestions about this issue.
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Here is the procedure for a general nonnested test when a GMM esti-
mation is used. Suppose there are two alternative models, M1 and M2,
for each pair of competitive structures for comparison. To estimate the
model parameters, the moment conditions that we use for M1 and M2 are,
respectively,

E m1 1 0θ( )[ ] =

E m2 2 0θ( )[ ] = ,

where both moment equations share the same set of instruments, z.
After deriving the estimates, θ̂i , for both models, we construct a test

statistic, T Q Qn
n= −( )ˆ

ˆ ˆ
σ 1 2 , which follows standard normal distribution

(Rivers and Vuong [2002], Hall and Pelletier [2011]). Q̂1 and Q̂2 are the
values of the first-step objective functions that employ the same consistent
estimator of the weighting matrix W, defined as W z zn= ′1 . The objective
function value, Q̂i is defined as ˆ ˆ ˆQ G WGi i i= ′ , where ˆ ˆG mi n i i= ∑ ( )1 θ . σ̂ 2 is
the sampling variance of the difference between objective functions given
as,

ˆ ,σ 2
1 11 1 2 22 2 1 12 24 2= ′ + ′ − ′[ ]G WE WG G WE WG G WE WG

where, ˆ ˆ ˆE m mij n i i j j= ∑ ( ) ( )1 θ θ ′.
In a hypothesis test, the null hypothesis (H0) is that M1 and M2 are

asymptotically equivalent; the first alternative hypothesis (H1) is that M1 is
asymptotically better than M2; the second alternative hypothesis (H2) is
that M2 is asymptotically better than M1. Let a denote the desired (asymp-
totic) significance of the test and za/2 the corresponding critical value from
standard normal distribution. If Tn < −za/2, we reject H0 in favor of H1; if
Tn > za/2, we reject H0 in favor of H2; Otherwise, we do not reject H0.

V. EMPIRICAL RESULTS

V(i). Parameter Estimation

Demand side. All the estimates from different starting values point to two
local minima in our study. We choose the one generating the less functional
value.

Table IV displays the estimates of demand parameters. We first report
the results of the logit model, assuming away the nested group. The price
coefficient is positive and insignificant, due to the endogeneity problem;
also the coefficients for both weight and horsepower are counterintuitive:
Consumers will prefer large and powerful cars, while our results show the
opposite preference.
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Results of nested logit are shown in the second column. Now, most of the
estimates are of the expected sign, although the estimate of efficiency is
insignificant. The estimate of within-group correlation of utilities, ρ, is 0.96,
which means the consumers perceive the products in our data set as close
substitutes relative to the outside goods. Comparing the R2 between the
nested logit and the logit model, we find the fitness of the nested logit model
improved by a large magnitude, which indicates that consumers perceive
the outside goods quite differently from the products in our data, and
neglecting this difference will lower the prediction efficiency.

We present the results of the IV nested logit model. Here, we use the first
two sets of IV’s to solve the endogeneity problem in the price and the
conditional market share. The use of IV’s generates substantial changes in
several of the estimates. The price coefficient is more than double that in the
nested logit model. Such a result indicates that the price coefficient will be
overestimated (underestimated in magnitude) if we do not take into
account the endogeneity problem: Products with superior quality usually
sell at higher prices, so the price is positively correlated with the unobserv-
able characteristics, which generates a positive biased estimator. The coef-
ficient of efficiency now is significant and almost two times larger. The
coefficients of weight and horsepower are also much larger than those in the
nested logit model. The F-statistics show that the IV’s are valid: They are
highly correlated with the endogenous variables. Hereafter, we use the
same IV’s for the estimation of random coefficient models unless noted
otherwise.

Finally, we present the results of the random coefficient nested logit
model in the last column of Table IV. All the estimates are consistent with
our intuition. The coefficient for price is negative and significant. For a
Chinese-brand car with features at mean level, the price elasticity corre-
sponding to this price coefficient is -3.03. The standard deviation of con-
sumers’ idiosyncratic tastes on price is 0.26, which is relatively small
compared to the mean level, implying consumers are not quite heterogene-
ous in their price sensitivity. Consumers prefer cars with large size, high
power, and low fuel consumption. Also, consumers prefer foreign brands
to indigenous ones; in particular, European cars are most popular in
China’s market. The within group coefficient is 0.76, close to one, which
indicates consumers’ utility over car models is highly correlated.

We also try other combinations of independent and instrumental vari-
ables and report the results in Table V. First, we add a first-half year
dummy to the model. Its estimate is insignificant, and the other estimates
do not change much, except that the coefficients for price and the standard
deviation on price are less efficient. Second, we include the standard devia-
tions of the distribution of marginal utilities for all the key product features
into the model. However, the results show that all the estimates of these
standard deviations are insignificant; again, the other estimates do not
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change significantly. Finally, we use the third set of IV’s and report the
results in the last two columns of Table V. This set of IV’s consists of the
cost shifters, such as the steel price and employee wages, and their interac-
tion with the product characteristics. They are supposed to be valid IV’s
since they are correlated with price but uncorrelated with the unobservable
product characteristics. Our results show that all the estimates are quite
similar to those in the last column of Table VI, except that the magnitude
of price coefficient is a little bit smaller (-0.79). Such a result also proves the
validity of the first two sets of traditional IV’s. For the following sections,
therefore, we will use the results of the random coefficient nested logit
model with first two sets of IVs as shown in the last column of Table VI.

Implications of the elasticity. Before looking into the results from formal
hypothesis tests, we present the price elasticity of demand based on the
demand estimation. The random coefficient nested logit model allows more
general substitution patterns between the products, since consumers are
assumed to have idiosyncratic preference over the price; so our results are
free from the independence of irrelevant alternatives property of standard
logit models. Table VI summarizes the product-level elasticities. Given the
fact that these elasticities depend on the estimates of model parameters, we
use a bootstrap method with 500 replications to calculate the test statistics.
Basically, the rough picture of the distribution of elasticities shows us that
our results are similar to those in Goldberg and Verboven [2001]; in par-
ticular, the cross-price elasticities are in the same order of magnitude.

We display the firm-level elasticities for the top ten firms (without con-
sidering their possible within-group collusion) in Table VII. The rows of

TABLE VI
SUMMARY OF ELASTICITY ESTIMATES

Elasticities

Own-price elasticities
Mean −3.051***

(−179.8)
25% quantile −3.212***

(−110.9)
Median −3.031***

(−171.7)
75% quantile −2.846***

(−133.3)
Cross-price elasticities
Mean 0.009***

(180.4)
25% quantile 0.001***

(8.919)
Median 0.004***

(9.386)
75% quantile 0.012***

(15.02)

Note: *** indicates 1% significance level
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the table correspond to the percentage changes in market share of the firms
with respect to 1% price changes for all the models of firms listed in the
column. Self-elasticities vary from -2.61 to -3.30 over firms, which indicates
that every firm faces a price-sensitive demand. But cross-elasticities vary to
a large degree across firms. Due to their extensive product mix, when
Shanghai GM and VW lower their prices by 1%, the other top manufac-
turers will lose about 0.17% or 0.18 % market shares each; in contrast, for
Chang’an-Ford or Mazda, decreases in their prices will result in trivial
market share loss for the others (about 0.05% or 0.017%, respectively).
Overall, the magnitude of cross-elasticity is much less than that of self-
elasticity; therefore, none of the firm pairs produces very close substitutes,
so firms have price-setting power and are less likely to coordinate their
pricing decisions (Chang [1991]). On the other hand, even if firms coordi-
nate their prices, defection is tempting since a 1% reduction in price will
bring forth a significant increase in demand obtained from all the other
firms, while the market share of any individual competitor will not decrease
much so that it is not easy to detect such a defection. For instance, when
Shanghai GM or VW reduce their price by 1%, they will acquire about
1.69% or 1.85% market shares, respectively, from the other top nine manu-
facturers; but this price cut will only result in a maximum individual market
share loss of 0.27% for First Auto VW. Our analysis implies that collusion
between firms, if any, is not stable.

Supply side. Supply side estimates depend on the assumption about com-
petition structure, so we display the results corresponding to each hypoth-
esized market structure in the first four columns of Table VIII. Actually,
the estimates under various hypotheses are quite similar. We can draw
some common conclusions from the estimates under the rest of the hypoth-
eses: First, preferable car features are costly. Coefficients for both weight
and horsepower are positive and significant, which means comfortable and
powerful cars cost more in production. Second, the marginal costs of all
foreign brand cars are higher than those of local brands. This could be
because foreign car makers invest more on unobservable product quality
features other than weight and horsepower.

We leave discussion of price-cost margins to the next section, to focus on
the estimates of the supported model. But note that the price-cost margins
are quite similar over various hypotheses, ranging from 33.7% to 36.3%.

V(ii). Hypothesis Tests

We test our hypotheses more formally and present results in Table IX.
Each column corresponds to a null model, while each row corresponds to
an alternative model. The test statistics in the table follow standard normal
distribution. When the test statistics are significantly small (lower than the
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one-tail critical value -1.64, at 5% significance), this means the residuals
under the null model could not be explained by the alternative model, thus
the null model is asymptotically better than the alternative. When the test
statistics are significantly large (higher than the one-tail critical value 1.64,
at 5% significance), then the alternative model is asymptotically better than
the null. Otherwise, they are asymptotically equivalent.

We can draw two main conclusions from our results. First, our data
support H4, that manufacturers conduct Bertrand Nash competition, coin-
ciding with our intuition from the elasticity estimation. The model corre-
sponding to H4 generated significantly smaller residuals than all the others,
so the t-statistics show that we can reject all null hypotheses at the 5%
significance level when the alternative is H4. We conclude that joint ven-
tures are autonomous in price setting. Given that hypotheses about within-
group collusion or collusion through foreign firms (H1 and H2) are
rejected, this result implies all partners in a joint venture target the firm’s
maximum profit without considering their respective brands’ other subsidi-
aries in China.

Furthermore, this result indicates that the core firm of a group, the SOE,
cannot organize collusion among members, even though it holds dominant
(or at least 50%) shares in the firm. Since most members of corporate
groups are joint ventures of the SOE and other global brands, this means
foreign brands have more bargaining power than the SOE and choose not
to collude with the other joint ventures within the group. Their advantage
comes from owning advanced technology. Due to the lack of R&D invest-
ment,25 most Chinese manufacturers have to rely on their foreign partners
for continuous technology transfer. Therefore, even if foreign firms only
hold minor shares in a joint venture, they have strong power to make
strategic decisions such as pricing.

25 The Chinese auto industry annual report [2010] shows that R&D expenditures by the
Chinese auto industry was US$5.67 billion, accounting for 2.07 % of annual revenue, while
the American auto industry spent 3.9% of annual revenue on R&D.

TABLE IX
NONNESTED TESTS ON MARKET STRUCTURE

Null hypothesis

Alternative hypothesis Within-Group
Collusion

Foreign Firm
Collusion

Cross-Group
Collusion

Bertrand
Competition

(H1) (H2) (H3) (H4)
Foreign Firm Collusion (H2) 1.453
Cross-group Collusion (H3) −1.791 −2.869
Bertrand Nash competition (H4) 3.020 1.822 2.544
Single Product Competition (H5) 0.346 −0.290 0.975 −2.474

Note: Tabele shows test statistics of the null model in a row being true against the specified
alternative model in a column. The test statistics follow standard normal distribution.
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Second, collusion across groups (H3) is rejected by alternative hypoth-
eses H2 and H4. The Chinese passenger vehicle market is fragmented, and
corporate groups located in different places are supported by their respec-
tive local governments. So, it is not a surprise to see that collusion among
these groups is not supported by our data, even though some of them share
the same foreign investors (see Figure 1). Actually, when these investors
choose their partners, they may use one partner to bargain with the others,
which increases competition between groups.

The average price-cost margin for the unrejected model is 34.8%, as
shown in Table VIII. This is consistent with our elasticity estimations but a
bit higher than the estimates for the same industry by Deng and Ma [2010].
This is due to the difference in sampling frequency. Our sales are monthly
averages over half years, while Deng and Ma [2010] used annual observa-
tions. For a longer observation period, data usually exhibit more variation
in both prices and sales, so the elasticities are higher and the margins are
lower due to the relationship to elasticity indicated by the Lerner index.
Given this margin is the gross margin, without taking into account the fixed
cost, which usually takes a nontrivial share of revenues for the auto indus-
try, our results are reasonable.

V(iii). Counterfactual Analysis

The Bertrand Nash competition spreads capital and other resources thinly
and thereby hinders the development of large-scale automobile plants
capable of competing with foreign makers (Holweg, Luo and Oliver
[2009]). In 2009, only five Chinese auto manufacturers produced more than
one million vehicles, with only one firm (SAIC) producing more than two
million; in contrast, most globally competitive manufacturers produced
more than one million (e.g., Toyota produced 7.2 million, GM produced
6.4 million, and Volkswagen produced 6.1 million).

The Chinese government supports merger and acquisition among auto
works.26 In March, 2009, the General Office of the State Council released
the ‘Plan on Adjusting and Revitalizing the Auto Industry,’ (hereafter, the
Plan), of which two main targets were to restructure the market by merger
and to enlarge the market shares of indigenous brands. For the first target,
this plan explicitly states: ‘through merger, acquisition, and reorganization,
form 2 or 3 large auto enterprise groups with a scale of production and sale
exceeding 2 million vehicles and 4 or 5 auto enterprise groups with a scale
of production and sale volume exceeding 1 million vehicles.’ To give an
impetus to the reorganization in the auto industry, ‘the state encourages the

26 Fershtman and Pakes [2000] shows that collusive industry offers more variety and higher
quality goods, which improves consumer surplus more than loss due to higher prices. This
may justify the government’s policy.
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nation-wide merger, acquisition and reorganization activities of the FAW
Group Corporation, Dong Feng Motor Corporation, Shanghai Automo-
tive Industry Corporation (Group), Changan Auto Co. Ltd. and other
large auto enterprises, supports the regional merger, acquisition and reor-
ganization activities of Beijing Automobile Works Co., Ltd., Guangzhou
Automobile Industry Group Co., Ltd., Chery Automobile Co., Ltd., China
National Heavy Duty Truck Group Corp., Ltd. and other auto enter-
prises.’ Obviously, this policy supports within-group merger and acquisi-
tion. Since some indigenous brands belong to some corporate groups while
the others are independent, the within-group mergers have ambiguous
effects on the indigenous brands; in particular, the effect on their total
market share, which is the second target of the Plan , is unclear. We
simulate this scenario and analyze comparative statics for the indigenous
brands. In the short run, these mergers will not lower the marginal costs,
but only internalize the competition between brands. Therefore, the effect
of mergers would be similar to that of collusive price setting described by
our H1.

Moreover, the Plan does not restrict mergers to the within-group pattern.
There are many other possible combinations of mergers that could to
realize these two targets. For example, the low-end indigenous manufac-
turers, such as Chery, BYD, and Geely, could merge to alleviate competi-
tion in the same target market. Their status of independent innovation and
development make such mergers possible. We simulate another scenario of
indigenous brand merger and compare it to the first scenario in terms of the
average price, market share, and profit of each interest group.

The simulation results of within-group mergers are shown in Table X.
The postmerger average price increased by 1.1%, but the market-level total
sales decreased by 1.02% due to the higher prices. This coincides with
merger theory, which says merged manufacturers control output and
charge higher prices. Mergers made the profit of the industry increase by
2.72%, with a 3.12% firm-level increase. We further explain these results by
investigating the comparative statics for each interest group.

In this counterfactual experiment, we assumed that corporate-group
members, which are usually joint ventures, merge; therefore, it is not a
surprise to see that both indigenous and foreign brands in the joint ventures
charge a higher price postmerger (by 2.4% and 1.38% respectively). The
total market share decreased by 2.64% for the foreign-brand models, while
that of the indigenous brands did not change significantly, so we observe
that the profit of indigenous brands produced by joint ventures increased
by 3.04%. The profit of foreign brands also increased by 2.63% since the
price increase was large enough to compensate for the market share loss of
the foreign brands. Since prices are often strategic complements, it is rea-
sonable to see that individual manufacturers also increased their prices by
a very small scale, 0.1%, on average. The overall asymmetric price increase
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and merged-firm output control switched consumer demand to the indi-
vidual manufacturers outside of corporate groups, whose market share
increased by 3%. Since joint ventures mainly produce high-end car
models and individual manufacturers focus on small cars, saved demand on
the joint venture side should lead to more purchases for individual manu-
facturers; however, we observe a decrease of overall market shares
(−1.02%). This result reflects that high-end and low-end demand are not
substitutable.

Changes in market shares for different interest groups show that this
merger pattern will help indigenous brands such as Geely and Chery
acquire market shares (conditional on purchase) from the foreign brands.
Therefore, such a merger within a corporate group will eventually contrib-
ute to the realization of the Plan’s target for indigenous brands’ market
shares.

Table XI displays the simulation results for merger among indigenous
brands. In this experiment, we assume that all the indigenous brands, no
matter whether they belong to a corporate group or are independent manu-
facturers, merge, leaving the competitive relationship unchanged for the
joint ventures. The average product price increased significantly for all the
indigenous brands (13.4% for independent firms and 11.1% for joint ven-
tures), while the price of foreign-brand products decreased by a tiny scale,
0.42%. Accordingly, the market shares of indigenous brands decreased by
27.6% and 29.7% for independent firms and joint ventures, respectively.
Some of the consumers switched to foreign brands, whose market shares
then increased by 9.17%, while some consumers chose the outside goods;
this caused the total market share to decrease by 2.77%. Therefore, such a
merger pattern contradicts the second target of the Plan since it lowers the
market shares of indigenous brands.

VI. CONCLUDING REMARKS

This paper investigates some feasible collusive scenarios in the Chinese
passenger-vehicle industry. Our empirical findings support the assumption
of Bertrand Nash competition in the market. However, other forms of
coordination may exist that lie outside of the scope of the models we have
tested. For example, in this study we assume that collusive patterns are
generally applied to all the corporate groups, but partial collusion is also
possible, which would not be replicable among all the other groups. To
analyze partial collusion, we need to test hypotheses about various combi-
nations of partial collusion. Given that the number of corporate groups is
large, however, the number of feasible patterns in partial collusion is too
large to be analyzed one-by-one. However, our method allows a partial-
collusion analysis that could be used in future case studies of actual
mergers.
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Our counterfactual experiment suggests that China’s merger stimulus
policy will benefit the independent indigenous brands rather than large
joint ventures in market acquisition. But mergers among indigenous brands
will make indigenous brands lose market share. However, since the tech-
nology in the automobile industry usually exhibits economy of scale, the
marginal cost is likely to decrease by a larger scale for large firms, enabling
them to lower prices and grab market share from the unmerged firms. In
particular, since the indigenous brands produce close substitutes, they may
better enjoy economies of scale from mergers with other independent indig-
enous firms. Taking this into account may affect our conclusions about
these two patterns of merger and is a challenge for future research.

APPENDIX

(i). Other Hypotheses and Empirical Results

For robustness, we also test two extreme cases: single product line pricing and
monopolistic pricing. The first case assumes that every product model is managed
independently: This hypothesis actually assumes the market to be in perfect compe-
tition at the product line level. The second case, on the other hand, assumes that all
manufacturers make pricing decisions collusively, so they effectively form a cartel.
These two scenarios can be summarized as Hypotheses 5 and 6,

Hypothesis 5 (H5): Each product line is operated by an independent manager, who
maximizes the profit of the single product.

Hypothesis 6 (H6): All manufacturers in this industry form a cartel and make pricing
decisions collusively.

We test these hypotheses using the same method described in Section IV(v). Param-
eter estimates corresponding to hypotheses 5 and 6 are appended to Table VIII. Most
estimates are quite similar to those of Hypotheses 1–4, with the exception of those of
H6. However, only 18.67 % of car models carry a positive marginal cost under H6, so
this hypothesis is rejected safely at this stage and the corresponding estimates are not
reported. Note that the estimated average marginal cost is also significantly lower
than those under other hypotheses, which generates an unbelievable markup rate,
162%. The normal markup rates for the other cases are about 35%, which is much
more reasonable.

Results of hypothesis tests are reported in Table IX. First, H5 is rejected when the
alternative hypothesis is H4, so our data do not support the hypothesis of perfect
competition either.

Finally, the monopoly hypothesis (H6) is rejected by all the other alternative
hypotheses.27 This indicates the competitive feature of this market from another
aspect: Any more competitive hypothesis generates smaller regression residuals.

27 Results are not reported in Table IX but are available upon request.
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