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Firm Interdependency
in a Mixed Oligopolistic Market

By Tay-Cheng Ma*

Abstract

This paper uses data from Taiwan’s banking sector to investigate whether state-owned
banks can serve as an internal regulation mechanism to sustain market competition. In con-
trast to the traditional second-best literature, the evidence shows that a certain degree of mar-
ket coordination exists in the industry, even though the government owns most of the domi-
nant banks in Taiwan.
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I. Introduction

Many studies focusing on the issue of banking market competition in the em-
pirical literature are based on data from the United States, United Kingdom, and
Canada. As opposed to the Anglo-Saxon financial system founded on private
ownership of banks, in most developing countries the state owns the majority of
the banks and controls a significant portion of the financial system’s assets. Ac-
cording to Beck et al. (1999), state-owned bank assets constitute over 70 % of
commercial bank assets in low-income countries, and their share is around 40 %
in middle-income countries.1 However, not too much attention has been given to
the effect of such ownership settings on market competition in both the public
economics and industrial organization literature. This article aims to provide an
empirical study to detect the differences in competitive behaviors between state-
owned banks and private banks.

Aspects of ownership are frequently explored in the literature, often concluding
that professionally-managed banks are more profit-oriented than state-owned
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banks, in which profit maximization is not the main goal.2 This line of reasoning
builds on the second-best literature [Beato and Mas-Collel (1984), Cremer et al.
(1989), De Fraja and Delbono (1990), and Barros and Modesto (1999)]. For in-
stance, Barros and Modesto (1999) provide an empirical study of the Portuguese
banking sector and find that state-owned banks tend to provide loans at lower inter-
est rates. In particular they propose that state-owned banks could be instructed to
maximize social welfare and could serve as a policy instrument for the government
to regulate an imperfect competitive market. This kind of policy might help to pre-
vent the rent-seeking behavior of a private bank cartel.

Although public banks’ objective may be aligned by large with social welfare
maximization, a criticism often made of public ownership is that the monitoring
system is too poor, leaving managers with considerable discretion to pursue their
personal agendas. The personal agenda could consist of a variety of elements.
One of them is to avoid the stiff competition from their competitors so as to make
the management easier and enterprise performances superior. Vickers and Yarrow
(1991) indicate that managers of state-owned enterprises are typically responsible
to political decision makers, who might not be very concerned about the social
welfare objective of public firms and lack strong incentives to monitor enterprise
management. However, some enterprise performances (like plant closures) tend
to be very sensitive politically, and may become a priority item on political agen-
das. In order to avoid outlet closures or even bankruptcy public enterprises’ man-
agers may want to avoid stiff market competition. Hence, collusive outcome may
also prevail in mixed oligopolies. For instance, Connor (2004) indicates that some
cartels are organized by state agencies or government-owned corporations. Azzam
and Anderson (2002) use data from the Swedish beef industry and find that the
hypothesis of price-taking behavior is rejected for public firms, but not for private
firms.

Based on this line of argument, the central point of this paper is to propose a
kind of test to determine whether state-owned firms have conjectures which sup-
port collusive like outcomes. The empirical study is conducted under the structure
of a conjectural variation model based on the pioneering work of Spiller and Favaro
(1984). The data are from Taiwan’s commercial banking sector. The main advan-
tage of this dataset is that it includes all the banks in the sector.3 This is of great
importance especially when analyzing the type of ownership and its effect on mar-
ket competition. Based on the conjectural approach, this dataset is used to test
whether state-owned banks behave less aggressively (i.e. a smaller output and a
higher price) and reach a more collusive equilibrium behavior. The empirical evi-
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2 If the state-owned banks are instructed to maximize an objective function that is different
from profit maximization, then public banks’ strategy might affect their rival private banks’
behaviors and, consequently, the market outcome.

3 The data are similar to the FDIC data file in the United States, but our advantage is that
Taiwan’s banking sector is far more homogeneous.
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dence is employed to interpret firm interdependency in a mixed oligopoly. If the
evidence shows that a certain degree of market coordination exists among state-
owned banks and private banks, then state-owned banks might not be used as a
regulatory intervention in the banking market to maximize social welfare.

The empirical result shows that Taiwan’s state-owned banks neither serve as
a policy tool to correct market failures nor provide a socially optimum quantity
of loans. In fact, a certain degree of collusiveness exists in the industry even if
the government owns most of the dominant banks. This evidence is contrary to
the presumption that public firms can be used as an internal regulation mechan-
ism to enhance market competition. It is nevertheless consistent with the findings
of Ma and Hung (2001), who choose 109 Taiwanese cartel cases and use probit
analysis to investigate what structural factors – such as firm size, industry con-
centration, ownership, etc. – can account for the guilty or not guilty decision
made by Taiwan’s Fair Trade Commission. They find that the ownership of firms
cannot be used to explain if the cartel is sustained or not. In other words, the
probability of state-owned firms to be guilty of collusion is as much as that for
private firms.

The paper is organized in the following manner. Section II describes Taiwan’s
banking sector. The model is described in Section III. Section IV describes data
construction and sources. Section V presents the empirical results and analyzes the
pattern of conjectures in the industry in general and within and across given
groups. Section VI concludes the paper.

II. The Taiwanese Banking Sector: An Overview

Taiwan is a small island, roughly the size of Maine or West Virginia in the
U.S., in which all banks compete directly in the national market. The industry
consists of state-owned and private banks. The two groups have different legal
status, but banking products tend to be homogeneous within the network of each
bank. These banks can thus be considered to be operating in the same deposit
and loan market.

Although Taiwan’s banking sector contains 51 commercial banks, the leading
eight firms account for 51 % of the industry’s outstanding loans. The sizes of state-
owned banks are much larger than private banks. The former group consists of 11
banks with average assets of 700 billion NTD (21 billion USD). The latter contains
40 banks with average assets of 150 billion NTD (4.5 billion USD). Table 1 shows
that all state-owned banks fall into the cluster of the twenty largest banks. The
largest private bank is merely ranked 8th among these dominant banks. Hence, the
average size of banks differs markedly across the two different groups.
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Table 1

Market Share of the Twenty Largest Banks

(Ranked by Outstanding Loans)

1st Bank of Taiwan 9.07 % * 11th Transportation Bank 2.97 % *

2nd Cooperative Bank 8.22 % * 12th Taipei-Fubon Bank 2.72 % *

3rd Land Bank 7.98 % * 13th Chinese Farmer’s Bank 2.48 % *

4th First Bank 5.92 % * 14h Taishin Bank 2.18 %

5th Huanan Bank 5.67 % * 15th Bank of Taipei 1.61 %

6th Chung-Hwa Bank 5.44 % * 16th Hsinchu Bank 1.53 %

7th Taiwan Business Bank 4.60 % * 17th E. Sun Bank 1.38 %

8th Chinatrust bank 3.95 % 18th Bank Sinopac 1.36 %

9th ICBC 3.62 % * 19th Shanghai Bank 1.35 %

10th Cathay United Bank 3.22 % 20th Da-An Bank 1.20 %

Notes: * denotes state-owned banks. For each banks, the market share is calculated by averaging the
outstanding loans in the period of 1999:7 through 2004:12.

Source: Data Bank of Taiwan Economic Journal.

III. The Model

This model is essentially the same as Spiller and Favaro (1984). However, in
their model, a firm’s conjecture about rivals’ reactions depends only on the sizes of
the firms under consideration. In this model, the conjecture or expected retaliation
may depend as well on the ownership of the firms.

Firstly, assume that banks compete in market share by changing the quantity of
loans supplied and deposits solicited. Consequently, in the model to follow I speci-
fy conjectures to be formed in terms of quantities. Consider a banking sector with
n banks producing a homogeneous output and facing a demand function given by

Pt � P�Qt� � P
�n

i�1

qit

� �
�

where Pt is the price, Qt is the total quantity, and qit is the ith bank’s output at
time t. Each bank attempts to maximize profits �it � Ptqit � C�qit�, where C�qit�
is the total cost for bank i.

Given these assumptions, the first-order condition for the ith bank can be ex-
pressed as:

Pt � qit
�Pt

�Qt
1�

�n

j��i

�qjt

�qit

� �
�MCit � 0 ��1�

where MCit is the marginal cost. Most oligopoly models stress that, in an industry
characterized by a homogeneous product market, a firm’s conjecture about rivals’
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reactions depends on the relative size of the firm under consideration.4 This re-
quires the transformation of the conjecture to the following elasticity form:

�qjt

�qit

qit

qjt
� �ji � �ji mit ��2�

where �ji and �ji are constant across time, and mit � qit

Qt
is bank i’s market share.

By substituting (2) into (1), the first-order condition can be written as:

MCit

Pt
� 1� 1

�
mit �

�n

j ��i

�
�ji mjt � �ji mit mjt

�
� �

��3�

where � � �Q

�P

P

Q
is the demand elasticity. If there are homogeneous expectations

across banks, then �ji � �ij � � and �ji � �ij � �.5 The individual supply equations
in (3) can be weighted by market share �mit�, and after added up, the industry sup-
ply relationship becomes:

�n

i�1

mit

Pt �MCit

Pt

� 	
� � 1

�
�� �1� � � ��Ht � �

�n

i�1

m3
it

� �
��4�

where Ht �

n

i�1
m2

it is the Herfindahl index of industry concentration. The left-hand

side of the equation is the weighted average price-cost margins at the industry level.

If I were interested only in estimating a conjectural variation model of the indus-
try structure based on and in the spirit of oligopolistic interdependence, then it
would be sufficient to test if the conjecture of a bank varies across its size. The
relevant conjecture for firm i could become �� �mit. However, since I am inter-
ested not only in the existence but in the pattern of interdependence, it is necessary
to distinguish the differences in conjecture between state-owned banks and private
banks. Thus, one can divide the banks into two groups – called S (for state-owned
banks) and P (for private banks).

A bank’s conjecture regarding its rival’s reaction depends on its size as well as
the groups to which it and its rivals belong. Thus, I have:

�ss � �ssmit� �ps � �psmit� �pp � �ppmit� �sp � �spmit ��5�

where subscripts s (state-owned) and p (private) represent the group to which the
bank belongs. For instance, �ss � �ss mit is the conjecture of a state-owned bank i
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�
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concerning about another state-owned bank’s reaction, and �ps � �ps mit is its con-
jecture about a private bank’s reaction. Note that in the models of Gollop and
Roberts (1979), Spiller and Favaro (1984), and Berg and Kim (1994), a firm’s con-
jecture about rivals’ reactions depends only on the sizes of the firms under consid-
eration. In our model this conjecture or expected retaliation may depend as well on
the ownership of the firms. Thus, each firm has a distinct conjecture depending on
both its size and the groups to which it and its rivals belong.

As in Spiller and Favaro (1984), the first-order condition of a state-owned bank
can be obtained by rewriting (3) as:

MCit

Pt
� 1� 1

�

�
mit � �ss�Mst � mit� � �ssmit�Mst � mit��6�

� �ps�1�Mst� � �psmit�1�Mst�
�

for i � S �

where Mst �


i�S

mit. By weighted averaging (6) for i � S, the supply relationship

for the group of state-owned banks becomes:

�

i�S

MCit

Pt

mit

Mst
� 1� 1

�

�
Mst Hst � �ss Mst � �ss Mst Hst � �ss M2

st Hst�7�

� �ps�1�Mst� � �ss

�

i�S

m3
it

Mst
� �ps Hst Mst�1�Mst�

�
for i � S �

where Hst �


i�S

mit

Mst

� 	2

. In the similar way, one can get the supply relation for the

group of private banks:

�

i�P

MCit

Pt

mit

Mpt
� 1� 1

�

�
Mpt Hpt � �pp Mpt � �pp Mpt Hpt � �pp M2

pt Hpt�8�

� �sp�1�Mpt� � �pp

�

i�P

m3
it

Mpt
� �sp Hpt Mpt�1�Mpt�

�
for i � P �

The following demand relationship is estimated using time series data for the
same period:

��� Qt � �� � ��� Pt � � ����GNPt� ��9�

where GNP is gross national product in fixed prices. The model includes two sup-
ply equations ((7) and (8)) and one demand equation (9), with only � being a com-
mon parameter. This means that one has to restrict � to be the same across equa-
tions in the estimation of the model. Each supply relation contains five parameters
and five linearly independent regressors. To avoid simultaneity bias caused by the
endogeneity, I estimate the model using the Generalized Method of Moments
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(GMM). Eight instruments are selected to serve as exogenous variables: industrial
production, M2 money supply, amount of direct balance, foreign exchange re-
serves, exchange rates, stock price index, rediscount rate, and construction permits.
Most of these variables are financially related indicators. Although the instruments
do not have to be free of errors, they have two advantages. Firstly, they are uncorre-
lated with the disturbance term. Secondly, they are highly correlated with the vari-
able they are instrumenting for.

The second-best literature worries that private firms might behave non-competi-
tively, leading to a market failure. Hence, these studies suggest that the first best
allocation can be achieved if public firms can compute the competitive price in the
industry and make up any difference between the corresponding output and private
firms’ output [see, e.g. Harris and Wiens (1980), Rees (1984), and Cremer et al.
(1989)]. Hence, state-owned banks should behave aggressively and choose a larger
output as well as lower price.

However, if our empirical evidence shows that state-owned banks behave less
aggressively and choose a smaller output as well as higher price, then one can
claim that the second-best solution is not acceptable in Taiwan’s banking sector.

IV. Data

The data required to estimate equations (7), (8), and (9) must provide time series
for each bank. For each period, I need information on the output, price, and mar-
ginal cost of each bank. Although a bank is a multi-product firm, this article de-
fines banking as one that produces domestic currency loans and ignores other op-
erations for the sake of data limitation. Thus, this article is dealing with a subset of
the multiple activities that Taiwanese banks perform.6

For each bank, I collect the information on outstanding loans at the end of each
month (measure of output, Qt), which are used to calculate market share (mit) for
each bank and the Herfindahl index (Ht) for the industry. I also collect the ratio of
the interest income to total loans (measure of price, Pt) and ratio of interest ex-
penses to total deposits (measure of marginal cost, MCit).

7 All data are obtained
from the data bank of Taiwan Economic Journal (TEJ, hereafter).

As to the limitation of the data, this paper assumes that loans in Taiwan are a
homogeneous product, i.e. that prices across all banks are identical. However, be-
sides that there is evidence that banks compete on prices rather than quantities
(Barros and Modesto, 1999), our price and MC are also likely to be measured with
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funding cost as the marginal cost of a bank by following Spiller and Favaro (1984) and
Ruthenberg and Elias (1996).
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errors.8 Auspiciously, Spiller and Favaro (1984) argue that there does not exist
strong evidences that this might cause a serious bias in estimates.

The sample used to estimate the regression models covers the monthly data of
51 domestic commercial banks in Taiwan for the period 1999:7 through 2004:12.9

Foreign banks are excluded from the sample, because they have product mixes dis-
tinctly different from domestic banks; in particular, their share of home loans is
very low. Altogether the panel data are made up of 3,271 observations starting with
51 banks in 1999 and declining somewhat to 45 banks in 2005 as a reflection of
the significant consolidation. The dataset is not adjusted for bank mergers, i.e. two
merging banks are treated as separated banks up to the date they merge from where
on only the “takeover” bank is accounted for.10

V. Empirical Results

Table 2 presents the results of estimating equations (7), (8), and (9). In all cases
the standard errors are corrected for conditional heteroscedasticity and serial corre-
lation.11 The estimated price elasticity of –0.6 indicates that the increases in inter-
est rate for loans (P) result in lower sales (Q).12 The income-elasticity of 0.49 is
less than one such that demand is income-inelastic. This estimate somewhat con-
trasts with the expectation that the loan demand should exhibit income-elastic
property. The reason why demand increases less than proportionately to income
might be that this article is only dealing with a subset of a bank’s multiple activities
(indirect finance services). However, banks in Taiwan provide numerous direct
finance services not included in our analysis. Since direct finance (investment
banking) is becoming more important than indirect finance (commercial banking)
as a source of business finance, one can expect that the demand for loan is substi-
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8 See footnote 7.
9 The bank data of TEJ begin from July 1999. Since, in 2005, the Taiwanese government

began the second financial reform to privatize the state-owned banks and reduced the number
of the state-owned banks from 11 to 6 within 2 years, the sample period ends in 2004.

10 This article does not adjust the sample for mergers. Thus, there might exist a correlation
between banks’ exit (e.g. merging) and their ability to sustain more or less explicit collusive
agreements. A further possible robustness check would be to estimate the model on a sub-
sample basis, in which one considers only those banks that were always present in the market
and checks if the estimates of the parameters change or not. However, the Taiwanese govern-
ment did not allow new entry in the banking market until the 1990s such that most of the
private banks opened their business in the 2000s. Besides, mergers mainly occur between
private banks. If one estimates the model on a sub-sample basis in which one considers only
those banks that were always present in the market, then the sub-sample would be composed
mainly by public banks. There are only 3 private banks still remaining in the sample. Thus, it
is infeasible to conduct such kind of robust test.

11 See White (1980).
12 The value of 0.6 is lower than 1.9 of European banking market (Shaffer, 2001), but

higher than 0.3 of the US market (Berg and Kim, 1994).
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tuted by the demand for direct financing. Thus, one observes that banks face a low
income elasticity of their loan products.

Cournot Conjectures. Given the results of Table 2, I now evaluate the pattern of
interdependence among banks, and begin with a Cournot model, in which all con-
jectures are zero. A bank may make a production decision without taking account
of its rivals’ potential reactions or, more formally:

�ss � �pp � �ps � �sp � �ss � �pp � �ps � �sp � 0 	

The test is performed using the likelihood ratio test, and the null hypothesis is
rejected at the 99 % level. The calculated 
2 statistic is 261.25. One can conclude,
at a minimum, that at least some banks do incorporate into their decision process
their rivals’ expected reactions.

Table 2

Estimated Coefficients of the Conjectural Elasticity Model

Coefficient Estimate Asymptotic
Standard Error

State-owned Banks

�
Dependent Variable:



i�S

MCit

Pt

mit

Mst

	

�ss 1.10* 0.36

�ss –7.97* 4.03

�ps 0.47 0.29

�ss –19.75* 6.86

Private Banks

�
Dependent Variable:



i�P

MCit

Pt

mit

Mpt

	

�pp 1.74 1.52

�pp –95.40 128.33

�sp –1.24 1.36

�sp 68.67* 20.23

Demand Equation

� –0.60* 0.14

� 0.49* 0.08

Notes: * Denotes that the estimate is significant at the level of 1%.

Homogeneous Expectations. I next test the restriction that the conjectures are
the same across two groups (the homogeneous model presented in (4)). The joint
hypothesis becomes �ss � �pp, �ps � �sp, �ss � �pp, and �ps � �sp. The analogue of
the likelihood ratio test is 37.98 and, relative to the critical 
2 value of 13.28, is
significant at the 99 % level. The hypothesis that all the parameters are the same
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across two groups is rejected. This result indicates that differences exist in conjec-
ture patterns between state-owned banks and private banks.

For the measurement of the conjectures, one has to consider the market shares
of both those banks initiating the market change as well as the responding ones.13

For instance, the fact that ��ss � ��pp does not necessarily mean that banks in the
state-owned group behave less cooperatively than private banks, because state-
owned banks are generally larger than private banks.

Theoretical Predictions and Hypotheses to be Tested. Before I further my pre-
sentation, I first elucidate the proposition of New Empirical Industrial Organiza-
tion (NEIO) School on a firm’s conjecture in a homogeneous good oligopoly mod-
el. In this class of models a firm’s conjectures about its rivals’ reactions are mod-
eled in terms of the firm’s position in the size distribution. For instance, Spiller and
Favaro (1984) divide an industry into the dominant group and a fringe. They find
that a dominant firm expects strong retaliations from other dominant firms if it
expands output. On the other hand, a dominant firm expects fringe firms to reduce
their output when it expands its output. Similar findings are also reported in Gollop
and Roberts (1979) and Berg and Kim (1994). In order to test whether state-owned
firms have conjectures which support collusive like outcomes, the hypothesis can
be stated as follows.

If the empirical evidence shows that the pattern of conjectures is in the form of:

�ss � �ss mit � 0� and �ps � �ps mit � 0 for i � S ��10�

then one can claim that a certain degree of collusiveness exists in Taiwan’s banking
sector, even if most of the dominant banks are owned by the government. This can
be illustrated as follows.

Since in Taiwan, the sizes of state-owned banks are much larger than private
banks,14 all state-owned banks fall into the dominant group, and most private
banks are in the fringe group. In an oligopolistic industry with a certain degree of
collusiveness, a firm in the dominant group (state-owned bank) expects retaliations
from other dominant firms (state-owned banks) if it expands output. Thus, a posi-
tive value of �ss � �ss mit captures a state-owned bank’s belief that other state-
owned banks will respond aggressively to any attempt by it to increase its output.
Such belief leads it to less aggressively behavior, i.e. a smaller output and a higher
price. This, in turn, leads to a more collusive equilibrium.

On the other hand, a negative value of �ps � �ps mit means that a dominant firm
(state-owned bank) expects fringe firms (private banks) to reduce their output
when it expands its output. This belief is based on the grounds that output expan-
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14 See Section II.
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sion by a state-owned bank might lower prices, all else being equal, and this should
lead to an output reduction by private banks. State-owned banks in the dominant
group do not worry about retaliations from private banks, since their capacities are
relatively small.

Firm Interdependency. I now insert estimated coefficients into (5) and compute
the conjectural elasticity for the mean, 90th, and 10th percentile firms, which are
listed in Table 3. Note that the effect of the market share on conjectures is put into
consideration in creating such evidence.

On average, a state-owned bank expects the other state-owned banks to increase
their output by 0.68 % for every 1% expansion of their own. The evidence shows
that state-owned banks are expected to behave as an implicit or explicit cartel vis-
à-vis the other banks in their own groups no less than the way an ordinary private
cartel behaves. In essence, state-owned banks fail to act as an internal regulation
mechanism to protect and uphold market competition. Secondly, the larger state-
owned banks anticipate a lower retaliatory output expansion than the smaller ones.
For instance, a 90th percentile state-owned (large) bank with 9 % share of the over-
all market would expect the other state-owned banks to increase their output by
0.43 % for each 1% expansion of its own. However, a 10th percentile bank with a
market share of 2.33 % would expect the other banks to increase their output by
0.90 %. This constitutes a strong deterrent for the output expansion of small state-
owned banks.

As to the conjectures of state-owned banks with respect to the reactions of pri-
vate banks, one can find that the larger state-owned banks behave like von Stackel-
berg leaders vis-à-vis the private banks. For instance, a 90th percentile state-owned
bank expects the private banks to contract by 1.18 % for each 1% expansion of its
own.15 However, for a 10th percentile bank, its conjecture is quite low and statisti-
cally insignificant from 0. Smaller state-owned banks expect little if any reaction
from private banks. The evidence indicates that Taiwan’s state-owned banks behave
exactly the way NEIO predicts in a dominant cartel model.16

Among the private banks, banks’ conjectures’ about other banks’ retaliatory out-
put expansions are not significantly different form zero. Hence, private banks ex-
pect little reaction from other banks in their own group. As to the conjectures of
private banks with respect to the reactions of state-owned banks, a 90th percentile
private bank expects state-owned banks to increase their output by 0.08 % for each
1% expansion of its own. However, the conjecture of a 10th percentile private bank
is not significantly different from 0. In our sample, most of the private banks are
small with respect to market share by comparison and would not expect reactions
from state-owned banks, except that some large private banks might hold the con-
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16 See Spiller and Favaro (p. 251, 1984).
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sensus to coordinate the market behaviors and indeed be concerned about the reac-
tions of state-owned banks. The consensus of coordination is not industry-wide
and exists among state-owned and large private banks. However, small private
banks are excluded from the market coordination. This makes up a typical incom-
plete cartel, in which large firms cooperate, while the small fringe firms are ig-
nored by dominant firms.17

Table 3

Estimated Conjectures (Unit: %)

Mean bank 90th percentile
(large) bank

10th percentile
(small) bank

State-owned banks

�ss � �ssm 0.68*
(0.09)

0.43*
(0.20)

0.90*
(0.19)

�ps � �psm –0.56*
(0.21)

–1.18*
(0.37)

0.004
(0.005)

Private banks

�pp � �ppm 0.74
(0.83)

0.13
(0.16)

1.51
(1.46)

�sp � �spm 0.03
(0.03)

0.08*
(0.03)

–1.07
(1.31)

Notes: The figures in brackets are asymptotic standard errors, which are estimated by the delta method.
[See Green 2003, pp. 172 – 173]. * denotes that the estimates are significant at the 1% level.

The empirical evidence reveals that a certain degree of market coordination ex-
ists in Taiwan’s banking industry and rejects the hypotheses of the second-best lit-
erature, even if some banks are owned by the government. Here, this paper does
not attempt to draw a borderline between the legal market coordination (conscious
parallel behavior) and illegal cartel behavior.18 I simply let data speak out and esti-
mate a positive conjecture among the group of state-owned banks. The signifi-
cantly positive conjecture illustrates a state-owned bank’s belief that other state-
owned banks will respond aggressively to any attempt by it to increase its output.19

Such a belief leads state-owned banks to less aggressive behaviors, i.e. a smaller
output and a higher price. The expectation of an aggressive rival response actually
leads to more collusive equilibrium behavior.
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17 Several textbooks contain such an incomplete cartel model and elucidate the reasons
why it is advantageous to leave out the fringe firms. See, for example, Blair and Kaserman
(1985).

18 A cartel is illegal in Taiwan, but the banking industry has not been involved in any
cartel case since the Taiwanese Fair Trade Act was enacted in 1992.

19 This mechanism worked through the channel whereby if output expansions were ob-
served by other banks, then they might produce at full capacity and the intensity of market
competition might increase. Subsequently, prices might fall down and banks end up with low-
er profits or even losses.
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VI. Conclusion

This article conclusively obtains the following evidence: 1) one can reject a
model with homogeneous conjectures across two groups of banks; 2) however, one
cannot reject the hypothesis that state-owned banks behave as an implicit or expli-
cit cartel vis-à-vis the other state-owned banks and large private banks; 3) one also
cannot reject a von Stackelberg type model in which state-owned banks behave as
dominant ones vis-à-vis the private banks and in which small private banks do not
expect a large retaliation from either state-owned banks and / or other private
banks. This pattern of conjecture is similar to the oligopolistic interdependency
predicted by NEIO even though most dominant banks are owned by the govern-
ment.

The second-best literature concerns that private firm’s non-competitive conducts
might lead to a market failure and suggests that the first best allocation can be
achieved if public firms can compute the competitive price in the industry and
make up any difference between the corresponding output and private firms’ out-
put. Hence, this line of argument emphasizes that state-owned banks should behave
aggressively and choose a larger output as well as lower price. However, this paper
shows that state-owned banks behave less aggressively and choose a smaller output
as well as higher price than under Cournot competition. The evidence indicates
that the second-best solution is not acceptable in Taiwan’s banking sector.

Where to go from here? I believe that two next steps will extend the study on
firm interdependency in a oligopolistic market. The first step should go in the di-
rection of investigating the role of conjectural variation in analysis of collusion in
repeated games. However, the repeated game with trigger strategies is dynamic,
while the conjectural variation model is clearly static. Hence, there might be a po-
tential bias when the dynamic payoff is calculated based on estimates from a static
model. For instance, Corts (1999) examines this conjectural variation method and
argues that the static parameter does not accurately measure market power in a
dynamic oligopoly model. However, Pfaffermayr (1999) indicates that conjectural
variation model can indeed be interpreted as a reduced form of an infinitely re-
peated game such that there exists a relation between conjecture and firm’s dis-
counting factor. This relation in turn determines the likelihood of collusion. It not
only gives a theoretical basis for empirical research, but also provides an enhanced
menu of testable hypotheses.

The second direction concerns the counterfactual case when no state-owned
bank exists in the sector. Would this kind specification still give rise to the same
industry outcome? If so, then could it be possible that the presence of public banks
leads to a better market outcomes? I am not sure what the final conclusion is. But,
I firmly believe that, other than market monopolization, the real problem here is
that these public banks have slowed down the deregulation and the related structur-
al changes in Taiwan’s banking market, since they not only operate at low effi-
ciency, but have also made reforms difficult for the sake of the powerful interest

Firm Interdependency in a Mixed Oligopolistic Market 155

Applied Economics Quarterly 54 (2008) 2



www.manaraa.com

groups backing state industry. The most serious consequence may be a weakening
of the banking system, which is burdened by large quantities of bad loans (particu-
larly to those firms with political connections that are able to take advantage of
regulations), and which may eventually cause problems of the kind seen in the rest
of East Asia during the late 1990s (Ma, 2008).

Appendix: Data Description

Variables Number of
Observations

Mean Std. Error Minimum Maximum

qit (million NT$) 3269 267222.70 300267.70 2908.00 1358847.00

MCit 3262 0.03 0.01 0.01 0.07

mit 3269 0.02 0.02 0.0003 0.10

qit 66 0.06 0.01 0.04 0.11

Mpt 66 0.42 0.01 0.40 0.45

Hpt 66 404.66 28.51 360.83 451.01



i�P

MCit

Pt

mit

Mpt
66 0.44 0.14 0.27 0.66

Mst 66 0.57 0.02 0.50 0.60

Hst 66 1115.31 12.09 1093.59 1134.25



i�S

MCit

Pt

mit

Mst
66 0.54 0.12 0.41 0.73

* All the data are taken from the data bank of the Taiwan Economic Journal.
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