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Abstract

Based on the generalized user-revenue model constructed by Homma (2009,

2012, 2018, 2021), this paper clari�es the relation between competitive pres-

sure and the e¢ cient structure and quiet-life hypotheses, and examines the

intertemporal linkages and long-term competitive pressure when the su¢ -

cient condition for competitive pressure holds for the long term. Given that

the source of this competitive pressure is the possibility of a decrease in quasi-

short-run pro�ts, the essence of the pressure is the increase in dynamic cost

e¢ ciency driven by that possibility. Competitive pressure de�ned from this

point of view comes into existence when the e¢ cient structure and quiet-life

hypotheses are accepted and the two hypotheses have opposing implications

with respect to industrial organization policy. From this perspective, the ex-

istence of such pressure is desirable insofar as the extended generalized-Lerner

index (EGLI) on the cost frontier decreases (i.e., the degree of competition

on the cost frontier increases). Indeed, if no competitive pressure exists,

then there is the possibility that accepting the e¢ cient structure hypothesis

is undesirable with regard to industrial organization policy. Furthermore,

when the derived su¢ cient condition for competitive pressure holds for the

long term, there are a linkage between current and future improvements in

the dynamic cost e¢ ciencies, a linkage between current and future decreases

in the EGLIs on the cost frontier, and long-term competitive pressure (i.e.,

a linkage between a previous decrease in the EGLI on the cost frontier and

future improvements in dynamic cost e¢ ciency).

Keywords: Competitive pressure; E¢ cient structure hypothesis; Quiet-life

hypothesis; Generalized user-revenue model; Extended generalized-Lerner in-

dex; Cost frontier; Dynamic cost e¢ ciency; Intertemporal linkage; Long-term

competitive pressure
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1 Introduction

Based on the generalized user-revenue model (hereafter the GURM) proposed

by Homma (2009, 2012, 2018, 2021), this paper clari�es the relation between

competitive pressure and the e¢ cient structure and quiet-life hypotheses,

as well as the existence of intertemporal linkages and long-term competi-

tive pressure when the su¢ cient condition for the existence of competitive

pressure holds for the long term. First, from the perspective of empirical

feasibility, competitive pressure is de�ned using dynamic cost e¢ ciency as

de�ned by Homma (2018, De�nition 8, p. 20), together with the extended

generalized-Lerner index (hereafter the EGLI) on the cost frontier described

by Homma (2018, De�nition 14, p. 46). From a similar perspective, the

su¢ cient condition for the existence of competitive pressure is then derived

using Homma (2018, Proposition 11, pp. 77-79) and Homma (2018, Propo-

sition 14, p. 82). From this derivation, the relation between competitive

pressure and the e¢ cient structure and quiet-life hypotheses is clari�ed, and

its implications from the perspective of industrial organization policy are ex-

amined. The case in which the derived su¢ cient condition for competitive

pressure holds for the long term is of particular interest. For such a case, this

paper establishes the intertemporal linkage of dynamic cost e¢ ciencies via

the EGLIs on the cost frontier, the intertemporal linkage of the EGLIs on

the cost frontier via the dynamic cost e¢ ciencies, and long-term competitive

pressure. Finally, the policy implications in this case are addressed from the

perspective of industrial organization policy.

The characteristics of the GURM were previously explained in detail by

Homma (2018, 2021). Brie�y, the GURM is a more general model that re-

laxes the following six implicit assumptions of Hancock�s (1985, 1987, 1991)

user-cost model of �nancial �rms: (1) �nancial �rms are risk-neutral, (2)

there is no strategic interdependence between �nancial �rms, (3) there is

no asymmetric information in the market regarding �nancial assets and li-

abilities, (4) there is no uncertainty in holding revenues and costs, (5) the

utility function of �nancial �rms does not depend on equity capital, and

(6) no cost or price ine¢ ciencies exist in �nancial �rms (i.e., �nancial �rms
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are perfectly cost and price e¢ cient). For this reason, the GURM is more

theoretically rigorous and more appropriate than conventional models under

the present conditions of having experienced the recent �nancial crises and

natural disasters.1

Using the GURM, Homma (2018) explored the theoretical implications

of the e¢ cient structure hypothesis proposed by Demsetz (1973) and the

quiet-life hypothesis put forward by Berger and Hannan (1998). Speci�cally,

Homma (2018) developed mathematical formulations and theoretical inter-

pretations of the two hypotheses, the relation between the hypotheses and the

EGLI on the cost frontier proposed by Homma (2009, 2012), and the relation

between the hypotheses and the existence of intertemporal regular linkages

of single-period dynamic cost e¢ ciencies, single-period optimal planned �-

nancial goods, single-period Her�ndahl indices, and single-period EGLIs on

the cost frontier. The theoretical concepts and propositions proposed in this

paper are based on those of Homma (2018). For this reason, the related the-

oretical concepts and propositions of Homma (2018) are repeated in Section

2.

In Section 3, competitive pressure is de�ned by using the dynamic cost

e¢ ciency and the EGLI on the cost frontier, which are the theoretical con-

cepts reviewed in Section 2. In consideration of empirical feasibility, this

de�nition is based on the notion that the source of the competitive pressure

is the possibility of a decrease in quasi-short-run pro�ts, meaning that the

essence of this pressure is an increase in the dynamic cost e¢ ciency driven

by that possibility.

Next, the su¢ cient condition for the existence of such competitive pres-

sure is derived from Homma (2018, Proposition 11, pp. 77-79) and Homma

(2018, Proposition 14, p. 82). The former proposition identi�es the assump-

tions under which the e¢ cient structure hypothesis decreases the EGLI on

the cost frontier, while the latter proposition clari�es the assumptions un-

der which the quiet-life hypothesis increases the EGLI on the cost frontier.

Accordingly, using these propositions, the theoretical relation between com-

petitive pressure and the e¢ cient structure and quiet-life hypotheses becomes

1Homma et al. (2014, pp. 144-145) provides the details of the conventional model.
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apparent.

Furthermore, from the perspective of industrial organization policy, the

policy implications of the su¢ cient condition for the existence of this com-

petitive pressure are clari�ed. It is pointed out that competitive pressure

under this condition is desirable since the EGLIs on the cost frontier at the

beginning and end of a period decrease (i.e., the degrees of competition on

the cost frontier at the beginning and end of the period increase). In ad-

dition, it is pointed out that this competitive pressure comes into existence

when the e¢ cient structure and quiet-life hypotheses are accepted and the

two hypotheses have opposing policy implications from an industrial organi-

zation policy perspective. It is also noted that there is the possibility that

acceptance of the e¢ cient structure hypothesis is not desirable from this

perspective if no such pressure exists.

In Section 4, the intertemporal linkage of dynamic cost e¢ ciencies is

de�ned by examining the case in which the above derived su¢ cient condition

holds for the long term. This linkage is formulated from the derivative used

to de�ne competitive pressure and the derivative representing the e¤ect of

the dynamic cost e¢ ciency two periods prior on the EGLI on the cost frontier

in the previous period. Furthermore, based on this equation, it is shown that

this linkage exists and that this equation links the improvement in dynamic

cost e¢ ciency in the current period to improvements in future periods when

the following two conditions hold for the long term: (1) the above derived

su¢ cient condition, and (2) the condition concerned in the e¢ cient structure

hypothesis in that su¢ cient condition shifted ahead one period. In addition,

the policy implications here are clari�ed from the perspective of industrial

organization. It is pointed out that it is desirable that the improvement in

dynamic cost e¢ ciency in the current period be linked to improvements in as

many future periods as possible. In addition, how the above derived su¢ cient

condition holds for the long term is recognized as a signi�cant policy issue.

Next, the intertemporal linkage of the EGLIs on the cost frontier is de�ned

by focusing on a similar case to the above. This linkage is formulated using

the derivative representing the e¤ect of the dynamic cost e¢ ciency in the

previous period on the EGLI on the cost frontier in the most recent period
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and the derivative used to de�ne the competitive pressure in the previous

period. Furthermore, based on this equation, it is shown that this linkage

exists and that this equation links a decrease in the EGLI on the cost frontier

in the current period to those in future periods where the following conditions

hold for the long term: (1) the condition concerned in the e¢ cient structure

hypothesis in the above derived su¢ cient condition, and (2) the su¢ cient

condition shifted ahead one period. In addition, the policy implications are

described from the perspective of industrial organization policy. It is further

recognized that, from this perspective, it is desirable that a decrease in the

EGLI on the cost frontier in the current period be linked to those in as many

future periods as possible. Here, too, it is pointed out that how the derived

su¢ cient condition holds for the long term is an important policy issue.

Finally, long-term competitive pressure is de�ned by again noting a sim-

ilar case to the above. This pressure is formulated by using the derivatives

used to de�ne competitive pressure in the two di¤erent periods and the deriv-

ative representing the e¤ect of the dynamic cost e¢ ciency two periods prior

on the EGLI on the cost frontier in the previous period. Furthermore, based

on this equation, it is shown that this pressure exists and that the equation

links a decrease in the EGLI on the cost frontier in one period prior to the

initial period to the improvements of the dynamic cost e¢ ciencies in the fu-

ture periods where the following conditions hold for the long term: (1) the

above derived su¢ cient condition, (2) the su¢ cient condition in which the

time subscripts are replaced, and (3) the condition concerned in the e¢ cient

structure hypothesis in the su¢ cient condition in which the replacement of

time subscripts is shifted ahead one period. In addition, the policy impli-

cations are shown from the perspective of industrial organization policy. It

is pointed out that, from this perspective, it is desirable that a decrease in

the EGLI on the cost frontier in the previous period be linked to improve-

ments in dynamic cost e¢ ciency in as many future periods as possible. It is

also recognized that how the above derived su¢ cient condition holds for the

long term is an important policy issue. The above linkages and this pressure

are critical in that they enable long-term forecasting and long-term dynamic

analyses.
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Section 5 summarizes the study�s major results and conclusions.

2 Theoretical Speci�cation: Related Theo-

retical Concepts and Propositions in Homma

(2018)

As mentioned above, this paper develops a coherent theory using related

theoretical concepts and propositions from Homma (2018). These concepts

and propositions are summarized below.2

2.1 Dynamic Frontier Variable Cost Function: Homma

(2018, De�nition 6, p. 17)

De�nition 1 (Dynamic Frontier Variable Cost Function) The dynamic
frontier variable cost function of the i-th �nancial �rm in period t, denoted

by CDFVi

�
pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

�
, is given by

CDFVi

�
pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

�
= min

xi;t

nXM

j=1
pi;j;t � xi;j;t

����Di �qi;t;xi;t; zQi;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t� = 0o ;
(t � 0) ; (2.1)

where pi;t = (pi;1;t; � � �; pi;M;t)0 is a vector of input prices, qi;t = (qi;1;t; � � �; qi;NA+NL;t)
0

is a vector of real balances of �nancial goods, namely �nancial assets (i.e.,

qi;1;t; ���; qi;NA;t) and liabilities (i.e., qi;NA+1;t; ���; qi;NA+NL;t), xi;t = (xi;1;t; � � �; xi;M;t)
0

is a vector of real resource inputs, namely labor, materials, and physical cap-

ital, zQi;t =
�
zQ0i;1;t; � � �; z

Q0
i;NA+NL;t

�0
is a vector of exogenous (state) variables

a¤ecting the quality of �nancial goods, namely, �nancial technological fac-

tors that a¤ect �nancial goods and real resource inputs, b1 is a parameter

used to distinguish between the initial period and the later period: b1 = 0 for

2De�nition number, equation number, and proposition number are di¤erent from those
in Homma (2018).
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the initial period (i.e., t = 0), and b1 = 1 for the later period (i.e., t � 1),

HIt�1 = (HI1;t�1; :::; HINA+NL;t�1)
0 is a vector of Her�ndahl indices in the

previous period, EF Si;t�1 is static cost e¢ ciency in the previous period,
3 � i;t

is an index of (exogenous) technical change, and �Di ( � ; � ; � ; � ; � ; � ) = 0 is a
dynamic transformation function.4

2.2 Dynamic Actual Variable Cost Function: Homma

(2018, De�nition 7, pp. 18-19)

De�nition 2 (Dynamic Actual Variable Cost Function) The dynamic
actual variable cost function of the i-th �nancial �rm in period t, denoted by

CDAVi

�
aDIEi;t ;pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

�
, is given by

CDAVi

�
aDIEi;t ;pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

�
=
XM

j=1
pi;j;t � aDIEi;j;t �

@CDFVi

�
pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

�
@pi;j;t

=
XM

j=1
pi;j;t � aDIEi;j;t � xDFDi;j

�
pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

�
� CDFVi

�
pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

�
; (t � 0) ; (2.2)

where aDIEi;t =
�
aDIEi;1;t ; � � �; aDIEi;M;t

�0
is a vector of ine¢ ciency coe¢ cients of

dynamic factor demand functions denoted by

xDFDi;j

�
pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

�
(= @CDFVi

�
pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

�.
@pi;j;t; j = 1; :::;M):

Some elements of this vector aDIEi;t may be less than, equal to, or greater than

one, but not all can be less than one, as otherwise the dynamic actual variable

cost function would be less than the dynamic frontier variable cost function.

3For details, see Homma (2018, De�nition 4, p. 12).
4For details, see Homma (2018, De�nition 5, pp. 14-17).
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2.3 Dynamic Cost E¢ ciency: Homma (2018, De�ni-

tion 8, p.20)

De�nition 3 (Dynamic Cost E¢ ciency) The dynamic cost e¢ ciency of
the i-th �nancial �rm in period t, denoted by EFDi;t, is given by

EFDi;t =
CDFVi

�
pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

�
CDAVi

�
aDIEi;t ;pi;t;qi;t; z

Q
i;t; b1 �HIt�1; b1 � EF Si;t�1; � i;t

� ; (t � 0) :
(2.3)

2.4 Quasi-Short-Run Pro�t Based on Dynamic Fron-

tier Cost: Homma (2018, De�nition 9, pp. 25-26)

De�nition 4 (Quasi-Short-Run Pro�t Based on Dynamic Frontier Cost)
The quasi-short-run pro�t based on the dynamic frontier cost of the i-th �-

nancial �rm during period t, denoted by �QSFi

�
qi;t�1;qi;t; z

�
i;t

�
, is de�ned as

follows:

�QSFi

�
qi;t�1;qi;t; z

�
i;t

�
=
XNA+NL

j=1
bj�
��
1 + bC � hRi;j

�
Qj;t�1; z

DH
i;j;t�1

�
+ � i;j;t

	
� pG;t�1 � qi;j;t�1 � pG;t � qi;j;t

�
� CDFVi

�
qi;t; z

C
i;t

�
, (t � 1), (2.4.1)

�QSFi

�
qi;0; z

�
i;0

�
=
XNA+NL

j=1
bj �
�
bC � hRi;j

�
Qj;0; z

DH
i;j;0

�
+ � i;j;0

	
�pG;0 �qi;j;0�CDFVi

�
qi;0; z

C
i;0

�
,

(2.4.2)

where z�i;t =
�
zDH0i;t�1; �

0
i;t; pG;t�1; pG;t; z

C0
i;t

�0
(t � 0) are vectors of exogenous

variables a¤ecting quasi-short-run pro�t, and in the case of t = 0, z�i;0 =�
zDH0i;0 ; �

0
i;0; pG;0; ; z

C0
i;0

�0
. More speci�cally, zDHi;t�1 =

�
HI0t�2; EF

S
i;t�2; z

H0
i;t�1

�0
(t � 0) are vectors of exogenous variables a¤ecting the certain or predictable
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components of SDEHRR and SDEHCR in the period t� 1 (� �1),5 and in
the case of t � 1,

zDHi;�1 =
�
HI0�2; EF

S
i;�2; z

H0
i;�1
�0
= zDHi;0 =

�
HI0�1; EF

S
i;�1; z

H0
i;0

�0
= zHi;0.

zHi;t�1 =
�
zH0i;1;t�1; � � �; zH0i;NA+NL;t�1

�0
(t � 0) are vectors of exogenous variables

other than Her�ndahl indices two periods prior and static cost e¢ ciency two

periods prior, and in the case of t = 0, zHi;�1 = z
H
i;0 =

�
zH0i;1;0; � � �; zH0i;NA+NL;0

�0
.

�i;t =
�
� i;1;t; � � �; � i;NA+NL;t

�0
(t � 0) are vectors of the uncertain or unpre-

dictable components of SDEHRR and SDEHCR, and pG;t (t � 0) are general
price indices. zCi;t =

�
p0i;t; z

Q0
i;t ; b1 �HI0t�1; b1 � EF Si;t�1; � i;t

�0
(t � 0) are vectors

of exogenous variables a¤ecting the dynamic frontier variable cost function.

bj is a parameter distinguishing between �nancial assets and liabilities: bj = 1

for �nancial assets (i.e., j = 1; :::; NA), and bj = �1 for liabilities (i.e.,
j = NA+1; :::; NA+NL). bC �hRi;j

�
Qj;t�1; z

DH
i;j;t�1

�
+ � i;j;t (j = 1; :::; NA+NL)

are the SDEHRRs or the SDEHCRs of the j-th �nancial good of the i-th �rm

at the end of period t � 1, and bC is a parameter distinguishing cash from
other �nancial assets. In other words, if qi;j;t represents cash (i.e., j = 1),

then bC = 0, whereas if the �nancial good is another type of �nancial asset

(i.e., j 6= 1), then bC = 1. hRi;j
�
Qj;t�1; z

DH
i;j;t�1

�
is the certain or predictable

component of the SDEHRR or the SDEHCR, and Qj;t�1 is total j-th �nancial

goods (i.e., �nancial assets or liabilities) in the market.

2.5 Quasi-Short-Run Pro�t Based on Dynamic Actual

Cost: Homma (2018, De�nition 10, pp. 26-27)

De�nition 5 (Quasi-Short-Run Pro�t Based on Dynamic Actual Cost)
The quasi-short-run pro�t based on the dynamic actual cost of the i-th �nan-

cial �rm during period t, denoted by �QSAi

�
aDIEi;t ;qi;t�1;qi;t; z

�
i;t

�
, is de�ned by

replacing the dynamic frontier variable cost function CDFVi (�; �) in De�nition
5For details regarding SDEHRR and SDEHCR, see Homma (2018, p.25).

8

http://doi.org/10.15099/00018350


9 with the dynamic actual variable cost function CDAVi (�; �; �) as follows:

�QSAi

�
aDIEi;t ;qi;t�1;qi;t; z

�
i;t

�
=
XNA+NL

j=1
bj�
��
1 + bC � hRi;j

�
Qj;t�1; z

DH
i;j;t�1

�
+ � i;j;t

	
� pG;t�1 � qi;j;t�1 � pG;t � qi;j;t

�
� CDAVi

�
aDIEi;t ;qi;t; z

C
i;t

�
, (t � 1), (2.5.1)

�QSAi

�
aDIEi;0 ;qi;0; z

�
i;0

�
=
XNA+NL

j=1
bj�
�
bC � hRi;j

�
Qj;0; z

DH
i;j;0

�
+ � i;j;0

	
�pG;0�qi;j;0�CDAVi

�
aDIEi;0 ;qi;0; z

C
i;0

�
,

(2.5.2)

where �QSAi

�
aDIEi;t ;qi;t�1;qi;t; z

�
i;t

�
is not greater than �QSFi

�
qi;t�1;qi;t; z

�
i;t

�
(i.e., �QSAi

�
aDIEi;t ;qi;t�1;qi;t; z

�
i;t

�
� �QSFi

�
qi;t�1;qi;t; z

�
i;t

�
), because CDAVi

�
aDIEi;t ;qi;t; z

C
i;t

�
is not less than CDFVi

�
qi;t; z

C
i;t

�
(i.e., CDAVi

�
aDIEi;t ;qi;t; z

C
i;t

�
� CDFVi

�
qi;t; z

C
i;t

�
).

2.6 Extended Generalized-Lerner Index on the Cost

Frontier: Homma (2018, De�nition 14, p. 46)

De�nition 6 (Extended Generalized-Lerner Index on the Cost Frontier)
The extended generalized-Lerner index on the cost frontier of the j-th �nan-

cial good of the i-th �nancial �rm in period t, denoted by EGLIFi;j;t, is de�ned

as6

EGLIFi;j;t =
pSURFi;j;t �MCDFV �i;j;t

pSURFi;j;t

= �
�BPF�i;j;t +MRSBPF��e;i;t +$BPF�

i;j;t

pSURFi;j;t

= �
bC � ��i;j;t +

�
MRSF��e;i;t +$

F�
i;j;t

�
�
�
1 + rFF�i;t

�
bC � hR�i;j;t � rFF�i;t

;

j = 1; :::; NA +NL. (2.6)

6For details, see Homma (2018, pp. 33-46).
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2.7 Acceptance of the E¢ cient Structure Hypothesis:

Homma (2018, De�nition 17, p. 59)

De�nition 7 (Acceptance of the E¢ cient Structure Hypothesis) If the
planned optimal �nancial good (e.g., the planned optimal loan) in the current

period increases because of improved dynamic cost e¢ ciency in the previ-

ous period, then the e¢ cient structure hypothesis is accepted. Speci�cally, if

the sign of @qp�i;j;t
�
@EFDi;t�1 is positive (i.e., @q

p�
i;j;t

�
@EFDi;t�1 > 0), then the

e¢ cient structure hypothesis is accepted.7

2.8 Acceptance of the Quiet-Life Hypothesis: Homma

(2018, De�nition 18, p. 68)

De�nition 8 (Acceptance of the Quiet-Life Hypothesis) If dynamic cost
e¢ ciency in the current period decreases because of an increase in the Her�nd-

ahl index in the previous period, then the quiet-life hypothesis is accepted.

Speci�cally, if the sign of @EFD�i;t /@HIj;t�1 is negative (i.e.,

@EFD�i;t /@HIj;t�1 < 0), then the quiet-life hypothesis is accepted.

2.9 E¢ cient Structure Hypothesis and the EGLI on

the Cost Frontier: Homma (2018, Proposition 11,

pp. 77-79)

Proposition 1 The EGLI on the cost frontier decreases with dynamic cost
e¢ ciency in the previous period and the j-th optimal planned �nancial good

in the current period (i.e., the degree of competition on the cost frontier

increases with them, @EGLIFi;j;t
�
@EFDi;t�1 < 0 and @EGLIFi;j;t

�
@qp�i;j;t < 0)

if and only if the e¢ cient structure hypothesis is accepted (i.e., dynamic

e¢ ciency improves, @qp�i;j;t
�
@EFDi;t�1 > 0) under the following assumptions:

(A1) The j-th �nancial good is an output (i.e., pSURFi;j;t > 0 and MCDFV �i;j;t > 0);

7For details regarding qp�i;j;t, see Homma (2018, pp. 28-33).
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and (A2) One of the following two pairs of inequalities holds:

@pGURFi;j;t

�
@EFDi;t�1 > max

�
MEi;j;t;

�
MCDFV �i;j;t

�
pSURFi;j;t

�
�
�
@pSURFi;j;t

�
@EFDi;t�1

��
and @pGURFi;j;t

�
@qp�i;j;t > max

�
MQi;j;t;

�
MCDFV �i;j;t

�
pSURFi;j;t

�
�
�
@pSURFi;j;t

�
@qp�i;j;t

��
,

or

�
MCDFV �i;j;t

�
pSURFi;j;t

�
�
�
@pSURFi;j;t

�
@EFDi;t�1

�
< @pGURFi;j;t

�
@EFDi;t�1 < MEi;j;t

and
�
MCDFV �i;j;t

�
pSURFi;j;t

�
�
�
@pSURFi;j;t

�
@qp�i;j;t

�
< @pGURFi;j;t

�
@qp�i;j;t < MQi;j;t,

where MEi;j;t and MQi;j;t are respectively expressed as

MEi;j;t =

8<:EFD�i;t +
 
@ lnCDAV �i;t

@EFD�i;t

!�19=; � @MCDAV �i;j;t

@EFDi;t�1

�MCDAV �i;j;t �
@2 lnCDAV �i;t

@EFDi;t�1@EF
D�
i;t

, 
@ lnCDAV �i;t

@EFD�i;t

!2
, (2.9.1)

MQi;j;t =

8<:EFD�i;t +
 
@ lnCDAV �i;t

@EFD�i;t

!�19=; � @MCDAV �i;j;t

@qp�i;j;t

�MCDAV �i;j;t �
@2 lnCDAV �i;t

@qp�i;j;t@EF
D�
i;t

, 
@ lnCDAV �i;t

@EFD�i;t

!2
. (2.9.2)

Proof. See Homma (2018, Proposition 11, pp.77-79).

2.10 Quiet-Life Hypothesis and the EGLI on the Cost

Frontier: Homma (2018, Proposition 14, p. 82)

Proposition 2 The EGLI on the cost frontier increases with the Her�nd-
ahl index in the previous period (i.e., the degree of competition on the cost

frontier decreases, @EGLIFi;j;t /@HIj;t�1 > 0) if and only if the quiet-life hy-

pothesis is accepted (i.e., @EFD�i;t /@HIj;t�1 < 0). The EGLI on the cost

frontier decreases with dynamic cost e¢ ciency in the "current" period (i.e.,
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@EGLIFi;j;t
�
@EFD�i;t < 0) under the following assumptions: (A7) The j-th

�nancial good is an output (i.e., pSURFi;j;t > 0 and MCDFV �i;j;t > 0) and the sign

of MCDAV �i;j;t is the same as the sign of MCDFV �i;j;t (i.e., MCDAV �i;j;t > 0); and

(A8) The following inequality holds:

@pGURFi;j;t

@HIj;t�1
< min

 
MHi;j;t;

MCDFV �i;j;t

pSURFi;j;t

�
@pSURFi;j;t

@HIj;t�1

!
,

where MHi;j;t is expressed as

MHi;j;t =

8<:EFD�i;t +
 
@ lnCDAV �i;t

@EFD�i;t

!�19=; � @MCDAV �i;j;t

@HIj;t�1

�MCDAV �i;j;t �
@2 lnCDAV �i;t

@HIj;t�1@EFD�i;t

, 
@ lnCDAV �i;t

@EFD�i;t

!2
. (2.10)

Proof. See Homma (2018, pp.81-82).

3 Competitive Pressure and the E¢ cient Struc-

ture and Quiet-Life Hypotheses

3.1 De�nition of Competitive Pressure

Two alternative formulations can been used to de�ne competitive pressure.

Principally from a theoretical perspective, the �rst formulation considers the

strategic interdependence of �nancial �rms on the basis of game theory. The

second, which arises from a more empirical perspective, uses dynamic cost

e¢ ciency and the degree of competition on the cost frontier. This paper

adopts the latter formulation for two reasons: First, empirical feasibility is

considered to be of preeminent importance; second, the strategic interde-

pendence of �nancial �rms is considered in the degree of competition on

the cost frontier. Speci�cally, in this paper, competitive pressure is de�ned

by using the dynamic cost e¢ ciency de�ned in De�nition 3 in Subsection

2.3 and the EGLI on the cost frontier as de�ned in De�nition 6 in Subsec-
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tion 2.6. The strategic interdependence of �nancial �rms is considered as

the market structure and conduct e¤ect based on the cost frontier, �BPF�i;j;t

(= bj � pG;t � bC � ��i;j;t
��
1 + rFF�i;t

�
), in the EGLI on the cost frontier. Impor-

tantly, consideration of the EGLI on the cost frontier makes it possible to

consider the true degree of competition, completely excluding the e¤ects of

ine¢ ciencies. From the above, competitive pressure is de�ned as follows:

De�nition 9 (Existence of Competitive Pressure) If the dynamic cost
e¢ ciency in the current period increases because of a decrease in the EGLI on

the cost frontier in the previous period, then the competitive pressure exists.

Speci�cally, if EGLIFi;j;t�1 decreases and the sign of @EF
D
i;t

�
@EGLI Fi;j;t�1 is

negative (i.e., @EFDi;t
�
@EGLI Fi;j;t�1 < 0), then the competitive pressure ex-

ists.

For example, where a decrease in the EGLI on the cost frontier in the

previous period (i.e., EGLI Fi;j;t�1 =
�
pSURFi;j;t�1 �MCDFV

i;j;t�1
� �
pSURFi;j;t�1 ) is the result

of a decrease in the stochastic user-revenue price on the cost frontier in the

previous period (i.e., pSURFi;j;t�1 = bj � pG;t�1 �
�
bC � hRi;j;t�1 � rFFi;t�1

� ��
1 + rFFi;t�1

�
),

which results from a decrease in the certain or predictable component (i.e.,

bC � hRi;j;t�1; j = 1; :::; NA) of the stochastic dynamic endogenous holding-

revenue rate (the above SDEHRR) in the current period (i.e., bC �hRi;j;t�1+� i;j;t;
j = 1; :::; NA) or an increase in the certain or predictable component (i.e.,

hRi;j;t�1; j = NA + 1; :::; NA + NL) of the stochastic dynamic endogenous

holding-cost rate (the above SDEHCR) in the current period (i.e., hRi;j;t�1 +

� i;j;t; j = NA+1; :::; NA+NL),
8 from De�nition 4 in Subsection 2.4, the quasi-

short-run pro�t based on the dynamic frontier cost in the current period

decreases if the dynamic frontier variable cost in the current period does

not decrease. Therefore, the pressure to decrease this frontier cost rises.

Similarly, fromDe�nition 5 in Subsection 2.5, the quasi-short-run pro�t based

on the dynamic actual cost in the current period decreases if the dynamic

actual variable cost in the current period does not decrease. Therefore, the

pressure to decrease this actual cost rises. From De�nition 2 in Subsection

8The following equation holds: hRi;j;t�1 = h
R
i;j

�
Qj;t�1; z

DH
i;j;t�1

�
:
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2.2, the dynamic actual variable cost in the current period is not less than the

dynamic frontier variable cost in the current period. Therefore, the quasi-

short-run pro�t based on the dynamic actual cost in the current period is not

greater than the quasi-short-run pro�t based on the dynamic frontier cost in

the current period. For this reason, there is a strong possibility that the

pressure to decrease the dynamic actual variable cost in the current period

is greater than the pressure to decrease the dynamic frontier variable cost in

the current period. Consequently, the dynamic cost e¢ ciency in the current

period increases.

From the above, the source of the competitive pressure is the possibility

of a decrease in the quasi-short-run pro�ts based on the dynamic frontier

or actual cost in the current period; thus, the essence of this pressure is an

increase in the dynamic cost e¢ ciency in the current period driven by that

possibility.

3.2 Su¢ cient Condition for the Existence of Compet-

itive Pressure

The su¢ cient condition for the existence of competitive pressure as de�ned

in De�nition 9, Subsection 3.1, is shown as Proposition 3 below. From this

proposition, the theoretical relation between the competitive pressure and

the e¢ cient structure and quiet-life hypotheses becomes clear.

Proposition 3 Competitive pressure exists under the following assumptions:
(P1) The EGLI on the cost frontier in the previous period (i.e., EGLIFi;j;t�1)

decreases (i.e., the degree of competition on the cost frontier in the previous

period increases); (P2) For the j-th �nancial good in the current period, the

e¢ cient structure hypothesis is accepted (i.e., De�nition 7 holds) and Propo-

sition 1 holds (i.e., Assumptions (A1) and (A2) hold); and (P3) For the j-th

�nancial good in the previous and current periods, the quiet-life hypothesis is

accepted (i.e., De�nition 8 holds) and Proposition 2 holds (i.e., Assumptions

(A7) and (A8) hold).
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Proof. From Assumption (P1), it holds that EGLI Fi;j;t�1 decreases. More-

over, fromAssumption (P2), @EGLIFi;j;t
�
@EFDi;t�1 is negative (i.e., @EGLI

F
i;j;t�

@EFDi;t�1 < 0) because Proposition 1 holds. Furthermore, from Assumption

(P3), @EFDi;t�1
�
@EGLIFi;j;t�1

�
=
�
@EGLIFi;j;t�1

�
@EFDi;t�1

��1�
and @EFDi;t�

@EGLIFi;j;t

�
=
�
@EGLIFi;j;t

�
@EFDi;t

��1�
are negative (i.e., @EFDi;t�1

�
@EGLIFi;j;t�1 ,

@EFDi;t
�
@EGLIFi;j;t < 0) because Proposition 2 holds. Consequently, the fol-

lowing equation holds:

@EFDi;t
@EGLIFi;j;t�1

=
@EFDi;t

@EGLIFi;j;t
�
@EGLIFi;j;t
@EFDi;t�1

�
@EFDi;t�1

@EGLIFi;j;t�1
< 0.

Assumption (P2) in Proposition 3 implies that, for the �nancial good con-

cerned in the current period, the e¢ cient structure hypothesis is accepted and

this acceptance is equivalent to a decrease in the EGLI (i.e., an increase in

the degree of competition) on the cost frontier in the current period due to

the improvement of the dynamic cost e¢ ciency in the previous period and

an increase in the planned optimal �nancial good concerned in the current

period. Not only the acceptance of the e¢ cient structure hypothesis but also

the equivalent of this acceptance to a decrease in the EGLI on the cost fron-

tier in the current period is one of the conditions included in the su¢ cient

condition for the existence of the competitive pressure. In addition, Assump-

tion (P3) in Proposition 3 signi�es that, for the �nancial good concerned in

the previous and current periods, the quiet-life hypothesis is accepted and

this acceptance is equivalent to an increase in the EGLI (i.e., a decrease in

the degree of competition) on the cost frontier in the current period due to an

increase in the Her�ndahl index in the previous period. Not only the accep-

tance of the quiet-life hypothesis but also the equivalent of this acceptance

to an increase in the EGLI on the cost frontier in the current period is also

one of the conditions included in the su¢ cient condition for the existence of

competitive pressure. In this way, the acceptance of both hypotheses and the

link between this acceptance and a decrease and an increase in the EGLI on

the cost frontier become the conditions included in the su¢ cient condition
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for the existence of competitive pressure.

3.3 Policy Implications from the Perspective of Indus-

trial Organization Policy

As can be seen from the proof of Proposition 3, the existence of competi-

tive pressure due to the satisfaction of Assumptions (P1), (P2), and (P3) is

desirable from the perspective of industrial organization policy insofar as it

entails a decrease in the EGLI (i.e., an increase in the degree of competition)

on the cost frontier in the previous and current periods. Moreover, Assump-

tion (P2) in Proposition 3 means that, for the �nancial good concerned in the

current period, acceptance of the e¢ cient structure hypothesis is desirable

from the same perspective as above because of the linkage to a decrease in

the EGLI (i.e., an increase in the degree of competition) on the cost fron-

tier in the current period. Furthermore, Assumption (P3) in Proposition 3

signi�es that, for the �nancial good concerned in the previous and current

periods, acceptance of the quiet-life hypothesis is undesirable from the above

perspective because of the linkage to an increase in the EGLI (i.e., a decrease

in the degree of competition) on the cost frontier in the previous and current

periods. Consequently, the competitive pressure comes into existence due

not only to the acceptance of both hypotheses but also to their opposing

policy implications from the perspective of industrial organization policy.

From another point of view, when the contraposition of Proposition 3 is

considered, if there is no competitive pressure, then there is a possibility that

(1) the e¢ cient structure hypothesis is not accepted, or (2) the acceptance

of the e¢ cient structure hypothesis is not desirable even if the hypothesis is

accepted. There is also the possibility that (3) the quiet-life hypothesis is not

accepted, or (4) the acceptance of the quiet-life hypothesis is desirable even if

the hypothesis is accepted. In particular, possibility (2) becomes a problem

from the perspective of industrial organization policy. A lack of competitive

pressure creates the possibility that there is no justi�cation for the e¢ cient

structure hypothesis.
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4 Intertemporal Linkages and Long-TermCom-

petitive Pressure

This section establishes the existence of intertemporal linkages and long-term

competitive pressure where the su¢ cient condition for the existence of com-

petitive pressure (i.e., Proposition 3) holds for the long term. Speci�cally,

this section makes it clear that there are a linkage between current and future

improvements in dynamic cost e¢ ciencies, a linkage between current and fu-

ture decreases in the EGLIs on the cost frontier, and long-term competitive

pressure (i.e., a linkage between the previous decrease in the EGLI on the

cost frontier and future improvements in dynamic cost e¢ ciency). In addi-

tion, the policy implications from the perspective of industrial organization

are identi�ed. These linkages enable long-term forecasting and long-term

dynamic analyses, making them critical elements.

4.1 Intertemporal Linkage of Dynamic Cost E¢ cien-

cies via the EGLIs on the Cost Frontier

In this subsection, the intertemporal linkage of dynamic cost e¢ ciencies is

de�ned for the case in which the above derived su¢ cient condition (i.e.,

Proposition 3) holds for the long term. This linkage is formulated using the

derivative used to de�ne competitive pressure (i.e., the derivative of the dy-

namic cost e¢ ciency in the latest period with respect to the EGLI on the cost

frontier in the previous period) and the derivative representing the e¤ect of

the dynamic cost e¢ ciency two periods prior on the EGLI on the cost frontier

in the previous period (i.e., the derivative of the EGLI on the cost frontier in

the previous period with respect to the dynamic cost e¢ ciency two periods

prior). Furthermore, based on this equation, it is shown that this linkage

exists and that the equation links an improvement in dynamic cost e¢ ciency

in the current period to those in future periods when the following conditions

hold for the long term: (1) the above derived su¢ cient condition, and (2)

the condition concerned in the e¢ cient structure hypothesis in the su¢ cient

condition shifted one period ahead. In addition, the policy implications are
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clari�ed from the perspective of industrial organization policy.

The intertemporal linkage of dynamic cost e¢ ciencies, which indicates

that an improvement in dynamic cost e¢ ciency in the current period (i.e., in

period t) is linked to those in future periods (i.e., in period t+2T +2, where

T is an integer), is de�ned as follows:

De�nition 10 If the dynamic cost e¢ ciency in period t + 2T + 2, where
T is an integer, increases because of an increase in the dynamic cost e¢ -

ciency in period t, then there exists the intertemporal linkage of dynamic

cost e¢ ciencies. Speci�cally, if the sign of @EFDi;t+2T+2
�
@EFDi;t is positive

(i.e., @EFDi;t+2T+2
�
@EFDi;t > 0), then there exists the intertemporal linkage

of dynamic cost e¢ ciencies.

The reason for specifying future periods as period t+2T+2, where T is an

integer, is that it allows us to consider the intertemporal linkage of dynamic

cost e¢ ciencies via the EGLIs on the cost frontier, thereby showing a relation

to Proposition 3. Although some generality is lost by this speci�cation,

theoretical clarity and accuracy are obtained, making way for the rigorous

theoretical expansion and development shown below.

The intertemporal linkage of dynamic cost e¢ ciencies via the EGLIs on

the cost frontier is formulated in the following proposition:

Proposition 4 @EFDi;t+2T+2
�
@EFDi;t , where T is an integer, is expressed as

follows:

@EFDi;t+2T+2
@EFDi;t

=
TY
k=0

 
@EFDi;t+2k+2

@EGLIFi;j;t+2k+1
�
@EGLIFi;j;t+2k+1
@EFDi;t+2k

!
. (4.1)

Proof. @EFDi;t+2
�
@EFDi;t is expressed as follows:

@EFDi;t+2
@EFDi;t

=
@EFDi;t+2

@EGLIFi;j;t+1
�
@EGLIFi;j;t+1
@EFDi;t

. (P4.1)
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Similarly, @EFDi;t+4
�
@EFDi;t is expressed as follows:

@EFDi;t+4
@EFDi;t

=

 
@EFDi;t+4

@EGLIFi;j;t+3
�
@EGLIFi;j;t+3
@EFDi;t+2

!
�
 

@EFDi;t+2
@EGLIFi;j;t+1

�
@EGLIFi;j;t+1
@EFDi;t

!
.

(P4.2)

Consequently, from Equations (P4.1) and (P4.2), @EFDi;t+2T+2
�
@EFDi;t ,

where T is an integer, is expressed as Equation (4.1).

The positive sign of Equation (4.1) (i.e., the existence of the intertemporal

linkage of dynamic cost e¢ ciencies via the EGLIs on the cost frontier) is

shown as the following proposition.

Proposition 5 If Proposition 3 with subscript t replaced by t + 2k + 2 and
Assumption (P2) in Proposition 3 with subscript t replaced by t + 2k + 1

both hold for the long term (i.e., k = 0; 1; 2; 3; :::; T , where T is an integer),

then the sign of Equation (4.1) is positive (i.e., there exists an intertemporal

linkage of dynamic cost e¢ ciencies via the EGLIs on the cost frontier).

Proof. The sign of @EFDi;t+2k+2
�
@EGLIFi;j;t+2k+1 (k = 0; 1; 2; 3; :::; T , where

T is an integer) is negative (i.e., @EFDi;t+2k+2
�
@EGLIFi;j;t+2k+1 < 0) be-

cause Proposition 3 in which the subscript t is replaced by t + 2k + 2

holds for the long term (i.e., k = 0; 1; 2; 3; :::; T , where T is an integer).

Furthermore, the sign of @EGLIFi;j;t+2k+1
�
@EFDi;t+2k is also negative (i.e.,

@EGLIFi;j;t+2k+1
�
@EFDi;t+2k < 0) because Assumption (P2) in Proposition 3

with subscript t is replaced by t+2k+1 holds for the long term. Consequently,

the sign of Equation (4.1) is positive (i.e., there exists an intertemporal link-

age of dynamic cost e¢ ciencies via the EGLIs on the cost frontier).

From Propositions 4 and 5, when Proposition 3 with subscript t replaced

by t+2k+2 and Assumption (P2) in Proposition 3 with subscript t replaced

by t+2k+1 both hold for the long term (i.e., k = 0; 1; 2; 3; :::; T , where T is

an integer), the improvement in dynamic cost e¢ ciency in the current period

(i.e., in period t) is linked to improvements in future periods (i.e., in period

t+ 2T + 2, where T is an integer) by repeating that the improvement of the

dynamic cost e¢ ciency in period t+2k is linked to that in period t+2k+2

via a decrease in the EGLI (i.e., an increase in the degree of competition)
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on the cost frontier in period t + 2k + 1. In this case, it is desirable that

the improvement in dynamic cost e¢ ciency in the current period be linked to

those in as many future periods as possible (i.e., large T ) from the perspective

of industrial organization policy. How Proposition 3 holds for the long term

is an important policy issue.

4.2 Intertemporal Linkage of the EGLIs on the Cost

Frontier via the Dynamic Cost E¢ ciencies

In this subsection, the intertemporal linkage of the EGLIs on the cost frontier

is de�ned by focusing on a similar case to the above. Moreover, this linkage

is formulated by using the derivative representing the e¤ect of the dynamic

cost e¢ ciency in the previous period on the EGLI on the cost frontier in the

latest period (i.e., the derivative of the EGLI on the cost frontier in the latest

period with respect to the dynamic cost e¢ ciency in the previous period) and

the derivative used to de�ne the competitive pressure in the previous period

(i.e., the derivative of the dynamic cost e¢ ciency in the previous period with

respect to the EGLI on the cost frontier two periods prior). Furthermore,

based on this equation, it is shown that this linkage exists and that this

equation links a decrease in the EGLI on the cost frontier in the current

period to those in future periods when the following conditions hold for the

long term: (1) the condition concerned in the e¢ cient structure hypothesis in

the above derived su¢ cient condition, and (2) the su¢ cient condition shifted

ahead one period. In addition, the policy implications are clari�ed from the

perspective of industrial organization policy.

The intertemporal linkage of the EGLIs on the cost frontier, which means

that a decrease in the EGLI on the cost frontier in the current period (i.e.,

in period t) is linked to those in the future periods (i.e., in period t+2T +2,

where T is an integer), is de�ned as follows:

De�nition 11 If the EGLI on the cost frontier in period t+2T+2, where T is
an integer, decreases because of a decrease in the EGLI on the cost frontier in

period t, then there exists the intertemporal linkage of the EGLIs on the cost

frontier. Speci�cally, if the sign of @EGLIFi;j;t+2T+2
�
@EGLIFi;j;t is positive
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(i.e., @EGLIFi;j;t+2T+2
�
@EGLIFi;j;t > 0), then there exists the intertemporal

linkage of the EGLIs on the cost frontier.

Similar to the intertemporal linkage of dynamic cost e¢ ciencies, the rea-

son for specifying the future periods as period t+2T+2, where T is an integer,

is that it allows us to consider the intertemporal linkage of the EGLIs on the

cost frontier via the dynamic cost e¢ ciencies, and a relation to Proposition

3 is thereby shown. As mentioned above, this speci�cation makes it theoret-

ically clear and accurate, thus clearing the way for the rigorous theoretical

expansion and development presented below.

The intertemporal linkage of the EGLIs on the cost frontier via the dy-

namic cost e¢ ciencies is formulated by the following proposition:

Proposition 6 @EGLIFi;j;t+2T+2
�
@EGLIFi;j;t , where T is an integer, is ex-

pressed as follows:

@EGLIFi;j;t+2T+2
@EGLIFi;j;t

=
TY
k=0

 
@EGLIFi;j;t+2k+2
@EFDi;t+2k+1

�
@EFDi;t+2k+1
@EGLIFi;j;t+2k

!
. (4.2)

Proof. @EGLIFi;j;t+2
�
@EGLIFi;j;t is expressed as follows:

@EGLIFi;j;t+2
@EGLIFi;j;t

=
@EGLIFi;j;t+2
@EFDi;t+1

�
@EFDi;t+1
@EGLIFi;j;t

. (P6.1)

Similarly, @EGLIFi;j;t+4
�
@EGLIFi;j;t is expressed as follows:

@EGLIFi;j;t+4
@EGLIFi;j;t

=

 
@EGLIFi;j;t+4
@EFDi;t+3

�
@EFDi;t+3

@EGLIFi;j;t+2

!
�
 
@EGLIFi;j;t+2
@EFDi;t+1

�
@EFDi;t+1
@EGLIFi;j;t

!
.

(P6.2)

Consequently, from Equations (P6.1) and (P6.2), @EGLIFi;j;t+2T+2
�
@EGLIFi;j;t ,

where T is an integer, is expressed as Equation (4.2).

The positive sign of Equation (4.2) (i.e., the existence of the intertemporal

linkage of the EGLIs on the cost frontier via the dynamic cost e¢ ciencies) is

shown as the following proposition.
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Proposition 7 If Proposition 3 with subscript t replaced by t + 2k + 1 and
Assumption (P2) in Proposition 3 with subscript t replaced by t + 2k + 2

both hold for the long term (i.e., k = 0; 1; 2; 3; :::; T , where T is an integer),

then the sign of Equation (4.2) is positive (i.e., there exists the intertemporal

linkage of the EGLIs on the cost frontier via the dynamic cost e¢ ciencies).

Proof. The sign of @EFDi;t+2k+1
�
@EGLIFi;j;t+2k (k = 0; 1; 2; 3; :::; T , where

T is an integer) is negative (i.e., @EFDi;t+2k+1
�
@EGLIFi;j;t+2k < 0) because

Proposition 3 in which the subscript t is replaced by t+ 2k+ 1 holds for the

long term (i.e., k = 0; 1; 2; 3; :::; T , where T is an integer). Furthermore, the

sign of @EGLIFi;j;t+2k+2
�
@EFDi;t+2k+1 is also negative (i.e., @EGLI

F
i;j;t+2k+2�

@EFDi;t+2k+1 < 0) because Assumption (P2) in Proposition 3 in which the

subscript t is replaced by t+2k+2 holds for the long term. Consequently, the

sign of Equation (4.2) is positive (i.e., there exists the intertemporal linkage

of the EGLIs on the cost frontier via the dynamic cost e¢ ciencies).

From Propositions 6 and 7, where Proposition 3 with subscript t replaced

by t+2k+1 and Assumption (P2) in Proposition 3 with subscript t replaced

by t + 2k + 2 both hold for the long term (i.e., k = 0; 1; 2; 3; :::; T , where

T is an integer), then a decrease in the EGLI on the cost frontier in the

current period (i.e., in period t) is linked to those in the future periods (i.e.,

in period t+ 2T + 2, where T is an integer) by repeating that a decrease in

the EGLI (i.e., an increase in the degree of competition) on the cost frontier

in period t+2k is linked to that in period t+2k+2 via the improvement of

the dynamic cost e¢ ciency in period t + 2k + 1. In this case, it is desirable

that a decrease in the EGLI on the cost frontier in the current period be

linked to those in as many future periods as possible (i.e., large T ) from the

perspective of industrial organization policy. Here again, how Proposition 3

holds for the long term is an important policy issue.

4.3 Long-Term Competitive Pressure

In this subsection, long-term competitive pressure is de�ned by considering

a case similar to the one above. Here, the pressure is formulated by using

the derivatives that de�ne the competitive pressures in two di¤erent periods
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(i.e., the derivatives of the dynamic cost e¢ ciencies in the latest and initial

periods with respect to the EGLIs on the cost frontier in the previous period

and one period prior to the initial period, respectively) and the derivative

representing the e¤ect of the dynamic cost e¢ ciency in two periods prior on

the EGLI on the cost frontier in the previous period (i.e., the derivative of the

EGLI on the cost frontier in the previous period with respect to the dynamic

cost e¢ ciency two periods prior). Based on this equation, it is shown that

this pressure exists and that the equation links a decrease in the EGLI on

the cost frontier in one period prior to the initial period to the improvements

of the dynamic cost e¢ ciencies in the future periods when the following

conditions hold for a long term: (1) the above derived su¢ cient condition,

(2) the su¢ cient condition in which the time subscripts are replaced, and (3)

the condition concerned in the e¢ cient structure hypothesis in the su¢ cient

condition in which the replacement of time subscripts is shifted ahead one

period. In addition, the policy implications are shown from the perspective

of industrial organization policy.

The long-term competitive pressure, which means that the EGLI on the

cost frontier in the previous period (i.e., in period t � 1) is linked to im-
provements in the dynamic cost e¢ ciency in future periods (i.e., in period

t+ 2T + 2, where T is an integer), is de�ned as follows:

De�nition 12 If the dynamic cost e¢ ciency in period t+ 2T + 2, where T
is an integer, increases because of a decrease in the EGLI on the cost frontier

in period t�1, then there exists long-term competitive pressure. Speci�cally, if
the sign of @EFDi;t+2T+2

�
@EGLIFi;j;t�1 is negative (i.e., @EF

D
i;t+2T+2

�
@EGLIFi;j;t�1

< 0), then long-term competitive pressure exists.

Similar to the above two intertemporal linkages, the reason for specifying

the future periods as period t + 2T + 2, where T is an integer, is that it

allows us to consider long-term competitive pressure via the intertemporal

linkage of dynamic cost e¢ ciencies, thereby showing a relation to Proposition

3. As described below, the existence of the intertemporal linkage of dynamic

cost e¢ ciencies clears the way for establishing the existence of long-term

competitive pressure.
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Long-term competitive pressure via the intertemporal linkage of dynamic

cost e¢ ciencies is formulated by the following proposition:

Proposition 8 @EFDi;t+2T+2
�
@EGLIFi;j;t�1 , where T is an integer, is ex-

pressed as follows:

@EFDi;t+2T+2
@EGLIFi;j;t�1

=
@EFDi;t+2T+2
@EFDi;t

�
@EFDi;t

@EGLIFi;j;t�1

=
TY
k=0

 
@EFDi;t+2k+2

@EGLIFi;j;t+2k+1
�
@EGLIFi;j;t+2k+1
@EFDi;t+2k

!
�

@EFDi;t
@EGLIFi;j;t�1

.

(4.3)

Proof. The proof of this proposition is similar to the proof of Proposition
6; consequently, we omit the derivation.

The negative sign in Equation (4.3) (i.e., the existence of long-term com-

petitive pressure via the intertemporal linkage of dynamic cost e¢ ciencies)

is shown by the following proposition:

Proposition 9 If not only Proposition 3 holds, but also Proposition 3 with
subscript t replaced by t + 2k + 2 and Assumption (P2) in Proposition 3

with subscript t replaced by t + 2k + 1 both hold for the long term (i.e.,

k = 0; 1; 2; 3; :::; T , where T is an integer), then the sign of Equation (4.3) is

negative (i.e., there exists long-term competitive pressure via the intertempo-

ral linkage of dynamic cost e¢ ciencies).

Proof. The sign of @EFDi;t
�
@EGLIFi;j;t�1 is negative (i.e., @EF

D
i;t

�
@EGLIFi;j;t�1

< 0) because Proposition 3 holds. Moreover, the sign of @EFDi;t+2k+2�
@EGLIFi;j;t+2k+1 (k = 0; 1; 2; 3; :::; T , where T is an integer) is also nega-

tive (i.e., @EFDi;t+2k+2
�
@EGLIFi;j;t+2k+1 < 0) because Proposition 3 in which

the subscript t is replaced by t + 2k + 2 holds for the long term (i.e., k =

0; 1; 2; 3; :::; T , where T is an integer). Furthermore, the sign of @EGLIFi;j;t+2k+1�
@EFDi;t+2k is also negative (i.e., @EGLI

F
i;j;t+2k+1

�
@EFDi;t+2k < 0) because As-

sumption (P2) in Proposition 3 in which subscript t is replaced by t+2k+1

holds for the long term. Consequently, the sign of Equation (4.3) is negative
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(i.e., there exists the long-term competitive pressure via the intertemporal

linkage of dynamic cost e¢ ciencies).

From Propositions 8 and 9, if not only Proposition 3 holds, but also

Proposition 3 with subscript t replaced by t + 2k + 2 and Assumption (P2)

in Proposition 3 with subscript t replaced by t + 2k + 1 both hold for the

long term (i.e., k = 0; 1; 2; 3; :::; T , where T is an integer), then a decrease in

the EGLI on the cost frontier in the previous period (i.e., in period t� 1) is
linked to improvements in the dynamic cost e¢ ciency in future periods (i.e.,

in period t + 2T + 2, where T is an integer) not only by the existence of

competitive pressure from the previous period to the current period, but also

by repeating that the improvement in the dynamic cost e¢ ciency in period

t+2k is linked to that in period t+2k+2 via a decrease in the EGLI (i.e., an

increase in the degree of competition) on the cost frontier in period t+2k+1.

In this case, it is desirable that a decrease in the EGLI on the cost frontier in

the previous period is linked to improvements in the dynamic cost e¢ ciency

in as many future periods as possible (i.e., large T ) from the perspective of

industrial organization policy. Here, as well, how Proposition 3 holds for the

long term is an important policy issue.

5 Conclusion

Based on the GURM constructed by Homma (2009, 2012, 2018, 2021), this

paper clari�es the relation between competitive pressure and the e¢ cient

structure and quiet-life hypotheses, and con�rms the existence of intertempo-

ral linkages and long-term competitive pressure when the su¢ cient condition

for the existence of competitive pressure holds for the long term. First, from

the perspective of empirical feasibility, competitive pressure is de�ned using

the de�nition of dynamic cost e¢ ciency given by Homma (2018, De�nition

8, p. 20) and the EGLI on the cost frontier de�ned by Homma (2018, De�n-

ition 14, p. 46). Next, from a similar perspective, the su¢ cient condition for

the existence of competitive pressure is derived using Homma (2018, Propo-

sition 11, pp. 77-79) and Homma (2018, Proposition 14, p. 82). From this

derivation, the relation between the competitive pressure and the e¢ cient
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structure and quiet-life hypotheses is clari�ed, and its policy implications

from the perspective of industrial organization are highlighted. Particular

attention is given to the case in which the above derived su¢ cient condition

holds for the long term. For such a case, the intertemporal linkage of dy-

namic cost e¢ ciencies via the EGLIs on the cost frontier, the intertemporal

linkage of the EGLIs on the cost frontier via the dynamic cost e¢ ciencies,

and long-term competitive pressure are shown, and the policy implications

of this linkage from the perspective of industrial organization are detailed.

The study�s major results, along with its conclusions, are summarized below:

1. The source of competitive pressure is the possibility of a decrease in

quasi-short-run pro�ts based on the dynamic frontier or actual cost in

the current period; thus, the essence of this pressure is an increase in

dynamic cost e¢ ciency in the current period driven by that possibility.

2. The existence of competitive pressure when Proposition 3 is satis�ed

is desirable from the perspective of industrial organization policy, as

it entails a decrease in the EGLI (i.e., an increase in the degree of

competition) on the cost frontier in the previous and current periods.

3. From Assumption (P2) in Proposition 3, both the acceptance of the

e¢ cient structure hypothesis and the desirability of this acceptance

from the perspective of industrial organization policy are included in

the su¢ cient condition for the existence of competitive pressure. In ad-

dition, from Assumption (P3) in Proposition 3, both the acceptance of

the quiet-life hypothesis and the undesirability of this acceptance from

the above perspective are included in the su¢ cient condition for the

existence of competitive pressure. Consequently, competitive pressure

comes into existence due not only to the acceptance of both hypotheses

but also to their opposing industrial organization policy implications.

4. From the contraposition of Proposition 3, if there is no competitive

pressure, then there is a possibility that the acceptance of the e¢ cient

structure hypothesis is not desirable even if this hypothesis is accepted.
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The lack of competitive pressure creates the possibility that there is no

justi�cation for the e¢ cient structure hypothesis.

5. From Propositions 4 and 5, when Proposition 3 with subscript t re-

placed by t + 2k + 2 and Assumption (P2) in Proposition 3 with

subscript t replaced by t + 2k + 1 both hold for the long term (i.e.,

k = 0; 1; 2; 3; :::; T , where T is an integer), the improvement in dy-

namic cost e¢ ciency in the current period (i.e., in period t) is linked

to improvements in future periods (i.e., in period t+ 2T + 2, where T

is an integer) by repeating that the improvement of the dynamic cost

e¢ ciency in period t + 2k is linked to that in period t + 2k + 2 via a

decrease in the EGLI (i.e., an increase in the degree of competition)

on the cost frontier in period t + 2k + 1. Moreover, in this case, it is

desirable that the improvement of the dynamic cost e¢ ciency in the

current period be linked to those in as many future periods as possible

(i.e., large T ) from the perspective of industrial organization policy.

6. From Propositions 6 and 7, where Proposition 3 with subscript t re-

placed by t + 2k + 1 and Assumption (P2) in Proposition 3 with

subscript t replaced by t + 2k + 2 both hold for the long term (i.e.,

k = 0; 1; 2; 3; :::; T , where T is an integer), then a decrease in the EGLI

on the cost frontier in the current period (i.e., in period t) is linked

to those in the future periods (i.e., in period t + 2T + 2, where T is

an integer) by repeating that a decrease in the EGLI (i.e., an increase

in the degree of competition) on the cost frontier in period t + 2k is

linked to that in period t+2k+2 via the improvement of the dynamic

cost e¢ ciency in period t + 2k + 1. In this case, it is desirable that

a decrease in the EGLI on the cost frontier in the current period be

linked to those in as many future periods as possible (i.e., large T ) from

the perspective of industrial organization policy.

7. From Propositions 8 and 9, if not only Proposition 3 holds, but also

Proposition 3 with subscript t replaced by t+ 2k + 2 and Assumption

(P2) in Proposition 3 with subscript t replaced by t+2k+1 both hold
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for the long term (i.e., k = 0; 1; 2; 3; :::; T , where T is an integer), then

a decrease in the EGLI on the cost frontier in the previous period (i.e.,

in period t�1) is linked to improvements in the dynamic cost e¢ ciency
in future periods (i.e., in period t+ 2T + 2, where T is an integer) not

only by the existence of competitive pressure from the previous period

to the current period, but also by repeating that the improvement in

the dynamic cost e¢ ciency in period t+ 2k is linked to that in period

t+2k+2 via a decrease in the EGLI (i.e., an increase in the degree of

competition) on the cost frontier in period t+2k+1. In this case, it is

desirable that a decrease in the EGLI on the cost frontier in the previous

period be linked to improvements in the dynamic cost e¢ ciency in as

many future periods as possible (i.e., large T ) from the perspective of

industrial organization policy.

8. From Propositions 4 through 9, how Proposition 3 holds for the long

term is an important policy issue.
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